
PAPER l 6 

MICROWAVE AND RADIO-FREQUENCY 
RESONANCE LINES OF INTEREST TO 

RADIO ASTRONOMY 

C. H. TOWNES 
Physical Laboratory, Ecole Normale SupSrieure, Paris 

A review of microwave and radio-frequency spectral lines which might 
possibly be detected by the techniques of radio astronomy is attempted 
here. Brief discussions of this type have already been given by several 
authors [i, 2,3,4], However, the present treatment is somewhat more com
plete than previously published material, and has the advantage of more 
recent information about certain transition frequencies. It includes a 
general discussion of types of spectra which might be found, expected 
intensities, and some characteristics and known frequencies of the lines 
which may be of interest in radio astronomy. 

Transitions which lie in the microwave or radio-frequency region can 
be expected to come from atomic or molecular hyperfine structure, 
from atomic or molecular fine structure, and from molecular rotational 
frequencies. It is of course possible that some odd circumstance or chance 
makes two electronic levels which are not fine structure of the same level 
fall so close together that a transition between them corresponds to a 
microwave frequency. However, there seem to be no known ' accidents' 
of this type that are of interest to radio astronomy. It is also possible that 
some molecular vibration be hindered by just the precise amount required 
to reduce its frequency to the microwave or radio-frequency region. This 
occurs in the well-known case of ammonia, but there seems to be no 
possibility of another case that would be of importance to radio astronomy. 
The only other varieties of sharply resonant microwave or radio-frequency 
transitions which have so far been found in the laboratory are transitions 
between Zeeman or Stark components of one or neighbouring energy 
levels. However, such transitions fall in the interesting frequency regions 
only when the magnetic or electric fields are rather large, and to be sharp 
and easily detectable they require a homogeneity of the field that is not 
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likely to occur over any resolvable region of an astronomical object. 
Hence we shall be concerned only with hyperfine structure, fine structure, 
molecular rotational frequencies and the inversion spectrum of ammonia. 

I . I N T E N S I T I E S OF LINES 

The intensity of a microwave or radio-frequency transition may be 
represented to a reasonable approximation by an absorption coefficient 
given by [5]* 

_87T2n\/i\2 v2Av 
7~~ $ckT~ (v-v0)2+(Av)2' tO 

where y is the absorption coefficient per unit length, 
n is the density of atoms or molecules in the lower of the two levels 

between which the transition occurs, 
| ft |2 is the square of the dipole moment matrix element (averaged 

over the magnetic quantum number M), 
c, k, T are, as usual, the velocity of light, Boltzmann's constant, 

and the absolute temperature respectively, 
v is the frequency being considered or measured, 
v0 is the resonant or central frequency of the transition, 
Av is the half-width of the resonance at half-intensity. 

Expression (i) applies strictly only when hv<^kTand when a Lorentz-type 
line shape occurs. However, it is sufficiently accurate for our purpose in 
any case which will be encountered below. 

At the peak intensity where v = v0, (i) becomes 

87T2Tl | JLl | 2 V2 . 
y = - ykTAv 

If the line width is primarily due to collisions with other atoms or 
molecules, Ay is proportional to the total pressure and is of the order 
10 Mc./s. at a pressure of i mm. Hg, or when the total density N of mole
cules is approximately 3-5 x io16. Hence, inserting values, (2) becomes 

2 X I O - 1 9 f l j / 2 I Ll' I2 , N 

y= NT > ( 3 ) 

where 7 is in cm. - 1 , 
v' is in Mc./s. 
li' is in Debye units ( i o - 1 8 e.s.u.) or i o - 1 8 e.m.u. 

* Background for, and details connected with, much of the following material can be found in 
reference^]. 
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Except for the atmospheres of planets or stars, the line broadening in 
astronomical objects usually comes primarily from Doppler effects rather 
than from collisions (or pressure broadening). In this case, Av depends on 
the distribution of velocities in the medium being observed. Assuming that 
velocities of the gases observed vary more or less randomly by about 

+ 10 km./sec, Av may be taken as , so that (2) becomes 
1 7 3 x io4 

6 x i o - ^ | / l 2 ^ 5 x i o - 1 9 n l ^ l ^ 
7 7* ™ ' ( j 

where 7 is in cm. - 1 if A is in cm., 
n is the number of atoms or molecules in the lower state of the 

transition per c .c , 
/i' is the dipole matrix element in Debye (1 o - 1 8 e.s.u.) or 1 o - 1 8 e.m.u., 
fi" is the dipole matrix element in Bohr magnetons (0-922 x io - 2 0 

e.m.u.). 

Consider now the case where a radio telescope is directed towards a 
uniform gas which completely fills the field of view and behind which there 
is a uniform background of radiation with some effective temperature TB 

as judged by the amount of radio-frequency radiation at the frequency of 
interest. If the effective temperature of the gas (determined by the relative 
population of the upper and lower states of the transition considered) is T, 
the change in apparent temperature due to the gas resonance is 

*T={T-TB)(i-e-rt), (5) 

where L is the length of the column of gas. For detection of this change, 
A T must be about as large as i °, in which case we may expect that yL < i, 
and (6) can be written 

AT*(T-TB)yL. (6) 

Frequently TB 4. T, and (6) combined with (4) gives 

xrr 6 x i o - 1 5 « U ' | 2 i 5 x i o - 1 9 n | / | 2 I 
A A 

Thus for detection, the column of gas must contain about 2 x io14A 
molecules of the right type per cm.2 if the matrix element is due to an 
electric dipole (\ /i' \ « 1), or 2 x io18A if it is due to a magnetic dipole 
(I J»"|*0. 
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It is of course the number of atoms or molecules having a resonance at 
the desired frequency that must be considered. Molecules of a given species 
may in some cases be distributed among a wide variety of levels, so that 
only a small fraction of them effectively respond to a given radio frequency. 
However, at low temperatures, molecules or atoms will in many of the 
cases considered below be concentrated in only a very few levels, so that 
the total number of a given species is not much greater than the number 
in a particular state involved in the radio-frequency transition. 

If one considers interstellar gas in our own or a similar Galaxy, then the 
largest dimension is about L « io2 3 cm., and the average molecular density 
must be as large as n > 2 x io~9 A or 

n>2x io_5A (8) 

respectively for electric or magnetic dipole moments. 
As has been suggested [6], it may be possible to use sufficiently large 

antennas so that some of the bright continuous sources give effective back
ground temperatures TB several powers of 10 greater than the gas tem
perature, and thus considerably reduce the molecular (or atomic) density 
indicated by (8) as necessary for detection. 

Normally, transitions between different levels of fine or hyperfine 
structure involve no electric dipole moment matrix element, but rather a 
magnetic dipole matrix element of the order of one Bohr magneton 
( | / f l " | « i ) or in some cases only a nuclear magneton (| fi" | « io~3). 
Molecular rotational transitions, on the other hand, normally involve 
electric dipole matrix elements, and are of the order of 1 Debye (| ji' | « 1). 
Hence fine or hyperfine structure transitions are often much weaker than 
those between rotational levels, and require a much larger density n for 
detection. There are, however, some important exceptions to this generali
zation, which occur when so-called fine structure is not due to the effects 
of magnetic moments, or when the fine or hyperfine structure is com
parable in magnitude to the separations between levels unsplit by the 
effects of electron spin or nuclear moments. These include the following 
cases where there is an electric dipole matrix element between fine or 
hyperfine structure levels: 

(1) Transitions between ns and np levels of hydrogen-like atoms. In 
principle, other very close coincidences between two electronic levels 
might occur in more complex atoms, but no other cases are known that 
are of concern here. 

(2) Transitions between A-doublets, as in the O H microwave spectrum. 
(3) Transitions between hyperfine levels of a symmetric top molecule 

95 

https://doi.org/10.1017/S0074180900048919 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900048919


that involve JT-degeneracy. No cases of this type are likely to be of 
importance to radio astronomy. 

(4) The so-called 'fine' structure of ammonia, the inversion spectrum. 
Tables 1, 2, 3 and 4 give information about most of the microwave and 

radio-frequency transitions which are at present known and which may 
have sufficient intensities to warrant consideration for the purposes of 
radio astronomy.* 

No transitions are listed with frequencies greater than 300,000 Mc./s. 
( A = i mm.), since sensitive radio-detection can probably not soon be 
achieved at these high frequencies. In many cases lines are listed for 
completeness or comparison which are probably too weak for detection in 
any astronomical object. Since all microwave and radio-frequency lines 
are rather weak, it seems improbable that any will be found in astro
nomical objects before their frequencies are fairly accurately known from 
laboratory or very precise theoretical work. Because of this great import
ance of precise frequencies, there is a rather generous listing of transitions 
whose frequencies are now known, even though in some cases it seems 
unlikely that they are sufficiently intense for detection by radio telescopes. 

2 . H Y P E R F I N E TRANSITIONS 

Atomic hyperfine structure occurs only for nuclei with spin greater than 
zero (except for isotope shifts, which are sometimes called hyperfine 
structure, but are of no interest here). Such nuclei are relatively rare, the 
commonest being H1 , H 2 and N14. Atoms of the latter two are less abundant 
than those of H 1 by a factor of several thousand, according to the usual 
estimates [7], All other nuclei with non-zero spin are less abundant even 
than H2 and N14 by a factor of about 100, and hence in most cases their 
hyperfine transitions can probably not be detected by radio astronomical 
techniques, except under some very special circumstances. Table 1 lists 
characteristics of these hyperfine lines, including all atomic hyperfine 
transitions with known frequencies from atoms of abundance not less 
than about i o - 6 that of H1 . 

In addition to H 1 and H2 , the h.f.s. of various stages of ionization of N14 

and of He3 n seem to be interesting cases for radio astronomy. Unfortu
nately ,"the frequency for N 1 only has so far been measured experimentally, 
and this frequency is so low that its detection seems quite difficult. The 
h.f.s. frequencies for N vn and He311 can be calculated with some 

* Most of the information in these tables and references to original sources may be found in 
references [5] and [8]. 
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Table i. Some hyperfine structure transitions of interest to radio astronomy 
T h e approx ima te abundances of each nuc lear species relative to H 1 for ou r Ga laxy a re given. 
These are no t necessarily the relat ive a b u n d a n c e in interstellar gases, where H 1 has a density of 
i a tom. /cm. 3 . T h e ma t r ix e lement for each transi t ion is d u e to a magne t ic dipole, a n d is approxi 
mate ly one Bohr m a g n e t o n (| /i" | = i ) . T h e quan t i t y F is the vector s u m of electronic angu la r 
m o m e n t u m J a n d nuc lear spin / . 

Nucleus 

H 1 

H 2 

H e 3 

H e 3 

N 1 4 

A b u n d a n c e 
relative 

t o H 1 

Na 2 3 

Al27 

p31 

Cl3 5 

2X IO~ 

i o - 5 

i o - a 

5X i o -

I X I 0 ~ B 

3X i o 6 

4 x i o - 7 

4X io~7 

Trans i t ion 

H 12S1/2, 

H 12S1/2, 

H e II 2Sm, 

F = o - i 

F= 1/2-3/2 

F = i - o 

H e i V , , , - 8 ^ , , 
N i 2 3 A / 2 ) F = 3/2-5/2 

Nll2p2*Plt 

N III 2/>2P1/2, 
N V 2 5 % , 
N vii iS*Slti 

F = 1/2-3/2 
F= 1-2 
F = o - i 
F = 1/2-3/2 
F = 1/2-3/2 
F= 1/2-3/2 

N a ^ 2 2 ^ , F = i - 2 

A l i 3 / > 2 P 1 / 2 , F = 2 - 3 

P i 3 3 / > % / 2 , ^ = 2 - 3 

C l i 3 / > 5 2 F 3 / 2 , F = 3 - 2 
F = 2 - I 
F = i - o 

Frequency 
(Mc./s.) 

1420*4051 

327-3842 

8659-3* 

6739-7I 
26-12 
15*67 

" 50° 

- 800 
■-3000 

53-o6o 

1771-61 

1450 

112 

670-018 
355*244 
150-145 

C o m m e n t s 

Al ready de tec ted in inter
stellar gases 

Calcula ted frequency wi thout 
a l lowance for finite nuclear 
size 

Metastabi le state 

Approx . 60 c m . - 1 above 
g round state 

Calcula ted frequency wi thout 
al lowance for finite nuclear 

* Note added in proof: Novick (private communica t ion) has now calcula ted this transit ion 
frequency for the H e 3 11 g round state as 8665-66 + 0-18 Mc./s . from recent measurements on the 
H e 8 n 2s state [R. Novick a n d E. Commins , Phys. Rev. 103, 1897, 1956]. T h e calculat ion includes 
small e lectrodynamic corrections evaluated by Mi t t e lman (to be publ ished) . 

accuracy, and their precise experimental determination would be of 
considerable interest to physics as well as to astronomy because of a slight 
modification of the frequencies due to the finite nuclear size (hyperfine 
structure anomaly). Frequency changes of this type are, however, not very 
large, and particularly in the case of He3 the resulting uncertainty should 
not be large enough appreciably to complicate a search for this line. 
Assuming abundances similar to those on earth, He 3 is considerably less 
abundant than H2 . However, the fact that its resonant wave-length is so 
much shorter than that for H 2 makes it approximately as favourable 
(cf. equation (8)), assuming that a large fraction of He atoms are ionized. 
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3- FINE STRUCTURE 

It is only the lightest atoms for which the fine structure in the ground or 
lower states is sufficiently small to give transitions in the microwave region. 
In fact, the most interesting cases are limited to H, D, He n and perhaps 
N i which are listed in Table 2. Although small fine-structure spacings do 
occur in excited states of heavier atoms, these states are so short-lived that 
their microwave spectra would not be detectable in astronomical objects. 
The n = 2 state of hydrogen-like atoms has some characteristics which may 
make it detectable by radio telescopes, even though the abundance of this 
excited state may be very small. In particular, the transitions between 2s 
and 2p states involve a rather large electric dipole moment (| fi' | = 6-2 
for H). Furthermore, the frequency is accurately known and the 2s level 
is metastable (with a lifetime of 8 sec. in the case of hydrogen). Hence an 
appreciable number of atoms may accumulate in it. 

Table 2. Atomic fine structure transitions of interest to radio astronomy 
The relative abundances given are those for atoms in the ground states. All cases listed are 
metastable excited states. 

Atom 
H 

He 

N 

Abundance 
relative to H 

1 

I 0 _ 1 

5X 10- 4 

Transition 

H 12«S'i/2-2^>iJ2 

Hen2S1/a-2i> l /a 

N i 2 / ) 3 8 i ) 5 / 2 - 8 A / 2 

Frequency 
(Mc./s.) 
1057-8 
9912-6 

14-020 
161-510 

240-000 

Since the 2p levels are not metastable, they will contain much fewer 
atoms than do the 2s levels. Hence these transitions will be strengthened 

kT by approximately the factor -=—, where v0 is the transition frequency. 
kv0 

However, the instability of the 2p levels greatly widens the resonance 
transition so that Av~ 50 Mc./s. (for H). This decreases the peak intensity 
by a factor of about 1000 over the cases where Doppler broadening pre
dominates. This factor of 1000 is not all loss, since the receiver band-width 
should be increased to about 100 Mc./s. for detection of this line, and the 
minimum detectable temperature change should thus be decreased to 
perhaps o-i°C. The net result is that for the a£i/2-2^3/2 or the ^ i ^ - 2 ^ 
transition, the minimum detectable density of atoms in interstellar space 
is of the order of io_11/cm.3, or the total number required in the line of 
sight is about io12/cm.2 assuming TB<T (cf. equation 6). An accurate 
estimate of the density of H atoms in the 2s state is difficult. However, the 
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numbers required do not seem impossibly large. A more detailed discussion 
has been given by J. P. Wild [i0], J . E. Blamont (private communication) 
has considered radiation of this type from planetary nebulae. 

4 . MOLECULAR R O T A T I O N A L SPECTRA 

In addition to fine and hyperfine structure, molecules have rotational 
levels which are often sufficiently close to produce microwave transitions. 
Microwave rotational transitions which may be of interest to radio 
astronomy are listed in Table 3. 

Table 3 
Some microwave transitions between molecular rotational levels of interest to radio astronomy. 
The inversion spectrum of NH3 is also listed. 

Matrix 
element 

Comments Molecule 
CaH 

CO 
CO+ 

CS 
NO 

HaO 
N 2 0 

HCN 

Electronic 
state 

2 S 

*£ 
2 £ 

*S 
2 n 1 / 2 

*S 
»S 

*2 

Transition 
J = 3 /2-1/2 
J= 1/2-1/2 

J— 1-0 

. 7 = 3 / 2 - 1 / 2 1 
1 / 2 - 1 / 2 / 

J = i - o 
7 = 3 / 1 - 1 / 2 

°1.6 ~52.3 
J = i - o 

J— 1-0, F= 1-1 
F = 2 - I 
F=o-i 

Frequency 
(Mc./s.) 

254,080 
252,650 

115,270-6 

117,980 

48,991-0 

15<V 76-3 

22,235-22 

25,123-28 

88,600-1 
88,601-5 
88,603-6 

in Debye 
units 

Electric 
dipole 

unknown 
o-io 

Electric 
dipole 

unknown 
2*0 

0-07 

0-16 

0-17 

1-72 
2-22 
0*99 

CH2 

NH2 

Also other nearby lines due 
to h.f.s. 

Other lines at multiples of 
the frequency given. Very 
small h.f.s. present 

Also /-doublet transitions 
may occur 

Structure and spectrum un
known, but may produce 
some microwave lines 

Structure and spectrum not 
well known, but probably 
produces some microwave 
lines 

FH3 

>3 

*S 

»S 

Inversion, J = 1, 
K=i 

I11-202 
hi-Ooo 

23,694-48 

42,832-62 
. 118,364-3 

i-o 

0-17 
o*53 

Also other inversion transi
tions at nearby frequencies 

Also other rotational transi
tions 

Probably only the diatomic molecules of Table 3 exist in detectable 
abundance in interstellar space; CaH and CN seem to be the only ones 
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yet found there by optical spectroscopy. Of the common hydrides, CaH 
has the lowest rotational frequency which, even so, is near the border of 
the range of present microwave techniques. The other molecules listed may 
possibly be found in planetary atmospheres, in comets, or in some other 
regions of gaseous concentrations. A suitable telescope with resolution near 
to one minute of arc, for example, could very probably detect NH3 lines 
in the atmosphere of Jupiter. Omission from the table of certain common 
molecules such as N2 and C 0 2 may strike the reader. They lack electric 
dipole moments and hence have no rotational spectra. 

5. MOLECULAR H Y P E R F I N E STRUCTURE 

The only molecules of sufficient abundance and with sufficiently large 
hyperfine structure to be interesting to radio astronomy seem to be the 
hydrides which are in 2S or 3S states. Hydrides in electronic 2II states 
have considerably smaller h.f.s. (cf. OH, Reference [5]). Of the 2S and 3S 
hydrides, H2+, NH, OH+ and CaH are probably the most abundant. 
They should all give hyperfine structure of the same order of magnitude as 
that found in the iS state of atomic hydrogen. Unfortunately, these 
hyperfine transitions involve only magnetic dipole matrix elements as in 
atomic H, and this coupled with the lower abundance of the molecules 
and uncertainty in the precise frequencies of transition will make their 
detection quite difficult. 

The most interesting of the above hydrides appears to be H2+* because 
it may be more abundant than the others, and also because its hyperfine 
frequencies can be obtained with some accuracy from calculations, even 
though there seems to be little immediate hope of their measurement in 
the laboratory. The ground rotational state of H2+ is ionized parahydrogen, 
and hence has no hyperfine structure. Orthohydrogen does have hyper
fine structure and exists in the states J = 1/2 and ^=3/2 which are about 
60 cm. -1 above the ground state. In regions of low temperature it will of 
course be considerably less abundant than parahydrogen. 

In orthohydrogen, the electron spin-nuclear spin coupling constant is of 
the order of one or two thousand megacycles/sec, whereas the electron 
spin-rotational motion coupling should be about a factor of ten less. The 
electron and nuclear spins would then be coupled together fairly strongly, 
and their resultant added vectorially to the end-over-end rotation, giving 
coupling case (bps) (cf. Reference [5], sec. 8-2). 

* The possible value of this molecule to radio astronomy was suggested some time ago by 
B. Burke. 
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One may expect the lowest rotational state of orthohydrogen with either 
J = 1/2 or J = 3 / 2 to have hyperfine structure transitions with frequencies 
somewhere near the value for the hyperfine transition already detected in 
atomic hydrogen. A much more exact theoretical estimate of the hyper
fine frequencies in H 2

+ can be made by some numerical work, since the 
electronic wave-functions can be obtained with precision [9], However, a 
precise estimate will also involve evaluation of the fine-structure doubling 
(in this case much smaller than the hyperfine structure), which gives a 
deviation from pure coupling case (bpS). 

6. MOLECULAR FINE STRUCTURE 

Molecular fine structure occurs with widely varying characteristics. The 
most interesting type of molecular fine structure from the point of view of 
radio astronomy is A-type doubling, since transitions between A doublets 
can involve electric dipole moments and hence are enormously more 
intense than most of the other fine-structure transitions, which involve 
only magnetic dipole moments. The most abundant molecules with this 
type of spectra are CH, O H and SiH.* Data on these and some other 
molecules are given in Table 4. Only in the case of O H are the A-doublet 
frequencies accurately known. This molecule appears, in fact, to be 
susceptible to detection by radio telescopes. Its average abundance in 
interstellar space needs to be about io~6/cm.3 for detection against a 
normal background, or considerably less for detection by absorption of 
radiation from a high-intensity source. Furthermore, the frequency of the 
strongest transition lies near the region where considerable apparatus has 
already been developed for study of the hydrogen lines. 

Fine structure splittings between 2IIj and 2 l l j levels correspond roughly 
to atomic fine structure, and are too large to fall in the microwave region 
for the lowest states of any molecule which would be abundant enough to 
be of interest here. 

There are a variety of molecules in 2 S or 3 S states that involve spin 
(p-type) doubling or tripling with separations corresponding to microwave 
or radio frequencies. These transitions are weak because they have only 
magnetic dipole matrix elements. However, some, such as those of 0 2 , 
can certainly be observed by absorption in the earth's atmosphere, and 
perhaps might be found in comets or other planetary atmospheres if 
telescopes of sufficiently high resolution are available. The more favour
able cases of these types of fine structure transitions are also listed in 
Table 4. 

101 

https://doi.org/10.1017/S0074180900048919 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900048919


Table 4. Some molecular fine-structure transitions of 
interest to radio astronomy 

Transitions between A-doublets [electric dipole, | ft' | ~ i] 

lolecuk 
CH 

OH 

A1H 

SiH 

SH 

H2+ 
NH 

OH+ 

MgH 
CaH 
CN 
CO+ 

o2 

Electronic 
; state 

a n 1 / 2 8n„ 8 
a n 3 ; s 

m 
s n I / 8 

1^3/2 

Transition 
J = l / 2 l 
^=3 /2 j 

J = 3 / 2 , F=2-2 
F = I - I 

iV=i 

J = l / 2 

y = 3 / 2 

Frequency 
(Mc./s.) 

~IOOO 

1665*0 
1667-0 

380 

2 4 0 0 

1 1 4 

Comments 
Also transitions at higher frequencies 

~ ioooN(N+ 1) in excited rotational 
states 

Also, weak hyperfine satellites and 
higher frequencies in excited rotational 
states 

Also higher frequencies in excited rota
tional states 

Also higher frequencies in excited rota
tional states 

Also higher frequencies in excited rota
tional states 

Transitions between spin fine-structure levels [magnetic dipole, | fi" \ ~ i] 
2S 
3 2 

3Z 

2S 
2E 
2S 
2S 
3E 

iV=i 
JV=i, J = o - i 

y = i - 2 
JV=i, J = o - i 

J = I - 2 
iV=i 
AT=i 
# = 1 

AT=i 
iV= 1, J = o - i 

J = I - 2 
iV=3, 7 = 2 - 3 

^ = 3 - 4 

~ I O O 

2 6 , 0 0 0 
1 3 , 0 0 0 

1 3 3 , 0 0 0 
6 3 , 0 0 0 

IOOO 

1 5 0 0 

360 

450 
118,750-5 
56,265-6 
62,487-4 
58,446-2 

Approx. 60 cm. - 1 above ground state 

Also known frequencies for other rota
tional levels 

7 . G E N E R A L C O N C L U S I O N S 

There is a limited number of radio frequency resonances for which imme
diate search with radio telescopes appears justified. Of these, the A-
doubling of OH, the hyperfine structure of H2 and perhaps of He3 11 are 
outstanding. A number of additional resonances can probably be found 
if their frequencies can be first accurately determined in the laboratory. 
These include the A-doubling of CH and the hyperfine structure of 
ionized N14. 

The construction of radio telescopes with very high resolving power 
should considerably increase the possibility of finding line spectra of 
astronomical interest. Such telescopes should yield a considerable increase 

* References [1] and [2] list also CH+ as producing A-doubling. This is apparently due to the 
incorrect assumption that the CH+ molecule occurs in a 2IT state. Its ground state is *£. 
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in background temperature when directed towards one of the intense 
continuous sources and hence increased sensitivity for detection of absorp
tion lines. They should also allow examination of the regions of high 
concentrations of gaseous matter, such as occur in planetary atmospheres, 
in comets, or in small nebulae. 

Additional absorption or emission lines due to gases in the earth's 
atmosphere are probably immediately detectable; the most obvious of 
these cases is the rich microwave spectrum of 0 2 . 
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