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1. GENERAL REMARKS 

Thousands of papers in the field of radio astronomy have appeared during the last three years. 
Even simple enumeration of the major achievements will take much more space than it has been 
allocated to Commission 40. Therefore, taking into account the tendency of the previous years, 
much greater attention in the present report has been paid to the actual material and references 
(mainly of observational and methodological character). As to the interpretation of observa
tions, much overlapping has occurred with Commissions 10 and 34. Solar radio astronomy had 
to be excluded from the report of Commission 40 in view of its practically complete overlapping 
with the report of Commission 10. Physical interpretation of insterstellar medium observations 
carried out by radio techniques during the three years has been included in the report of Com
mission 34. Even in this case we have been forced, as in the previous years, to introduce some 
additional abbreviations of the most widely used journals in the sections containing a great 
number of references. These abbreviations are given below. 

ABBREVIATIONS 

AA - Astronomy and Astrophysics 
Act Astr = Acta Astronomica 
AJ - Astronomical Journal 
AJP = Australian Journal of Physics 
AN- Astronomische Nachrichten 
AO = Astronomical Observatory 
ApJ = Astrophysical Journal 
AL = Astrophysical Letters 
ASS = Astrophysics and Space Science 
Astrofiz. = Astrofizika 
ARAA = Annual Reviews of Astronomy and Astrophysics 
AZh = Astronomicheskij Zhurnal 
BAAS = Bulletin of the American Astronomical Society 
CIAL = Coll. Int. Astrophys. Liege 
CR = Comptes Rendus de I' Academie des Sciences, Paris 
IEAM= First European Regional Meeting in Astronomy (Athens) 
HA = Highlights of Astronomy 
IA U Ore. = IAU Circular 
IAUSymp.= IAU Symposium 
IEEE = Transactions of the Institute of Electrical and Electronic Engineers 
IzvSAO = Izvestiya Spetsialnoj Astrofizicheskoj Observatorii 
IVUZR = Izvestiya Vysshikh Uchebnykh Zavedenij 
JRASC = Journal of the Royal Astronomical Society of Canada 
MN = Monthly Notices of the Royal Astronomical Society 
MRAS = Memoires of the Royal Astronomical Society 
Nat = Nature 
NatPS = Nature Physical Science 
Obs = Observatory 

159 

https://doi.org/10.1017/S0251107X00005952 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00005952


160 COMMISSION 40 

PASA = Proceedings of the Royal Astronomical Society of Australia 
PASJ = Publications of the Astronomical Society of Japan 
PASP = Publications of the Astronomical Society of the Pacific 
PRL = Physical Review Letters 
Soviet Astron. = Soviet Astronomy 
Sci = Science 
SR = Space Research 
Sup = Supplement 
VA = Vistas in Astronomy 

2. CONTINUUM RADIATION FROM THE GALAXY 

A. General Background 

New high sensitivity and high resolution maps have been published at a number of frequen
cies (40, 50, 21, 1, 28,7,18,19, 75, 72, 71, 70, 66,64, 51, 36), and spectral indices have been 
improved. The most.important results have appeared after nonthermal radio and X-Ray surveys 
were compared. Now we have a strong and very direct confirmation of the old hypothesis on 
the secondary production of ultra-re la tivis tic electrons responsible for long wavelength radio 
emission of our Galaxy. Very low (61, 47, 4, 3, 12) and very high (5, 39) frequency observa
tions of the Milky Way should be mentioned specially, both being sensitive to the amount of 
ionized gas. Results of surveys of continuum emission polarization can be found in (77, 9,48), 
the structure of magnetic field being analysed in (78, 73, 55). 

B. Supernovae 

A large number of very detailed maps have been produced (37, 34, 33, 67, 24, 69,15, 42, 
38, 15, 17), many of these containing important polarization information (52, 4, 60, 59, 53). 
Statistics and evolution are discussed in (22, 65, 43, 35, 20, 2, 14, 13). A good review of the 
present state of the whole problem can be found in (61). 

C. Galactic Centre 

Much better high resolution maps have appeared due to cooperation between observatories 
(68, 6, 30, 31, 44, 49, 54, 56, 57, 63, 25, 26, 76, 11, 10). An attempt to find pulses from 
Sgr A sources has been made, but without success (27, 23, 41, 42). New important steps have 
been made by discovering SNR (Sgr A, West) and broad recombination line in Sgr A. The 
review of all new observations of this complex region can be found in (57). 

REFERENCES 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

Abramenko et al. 74Soobshchen 
43. 
Akhundova et al. 74Astroflzl0, 
Alexander et al. 74/1/79, 777. 
Antonow. 73IVUZR16, 759. 

iya SAO\2, 

85. 

Ariskin et al. 74Astron. Tsirk. No 833, 6. 
Ariskin et al. 74/1751,5, 916. 
Ariskin. 73/4/50, 2, 283. 
Baker. 74ApJ194, 271. 
Baker et al. 74MM67, 581. 
Balick et al. 74ApJ192, 325. 
Berulis et al. 73/1/50, 2, 270. 
Balick et al. 74ApJl94, 265. 
Brown. 73ApJl80, 359. 
Cavallo et al. 74/15530, 409. 
Chevalier et al. 74ApJ\92, 454. 

16. 
17. 
18. 
19. 

20. 

21. 
22. 

23. 
24. 
25. 
26. 
27. 
28. 

Clark et al. 73Nat246, 5427. 
Clark et al. 1SAJP Sup37, 75. 
Clark et al. 7SAJP Sup37, 1. 
Cowsik et al. 74Mitt.Astron.Ges.35, 
224. 
Cowsik et al. 73 13th Int.Cosm.Ray. 
Conf. Den ver. Colo. 1,414. 
Dellapoita. 74IAUSymp, 189. 
Day. 73CSIRODiv.Radiophys.Res. 
Activ. 
Dickel et al. 74BAAS6, 314. 
Dube et al. 73NatPS24S, 141, 17. 
Duin et al. 74JAU Symp.60, 355. 
Dulk et al. 72AJP2S, 429. 
Dulk et al. 74Nat24S, 5443, 33. 
Edwards et al. 74Nat247, 5441, 444. 

https://doi.org/10.1017/S0251107X00005952 Published online by Cambridge University Press

http://74Mitt.Astron.Ges.35
http://73CSIRODiv.Radiophys.Res
https://doi.org/10.1017/S0251107X00005952


RADIO ASTRONOMY 161 

29. Felli ef al. 73/4/429, 1, 129. 
30. Fujimoto et al. 14PASJ26, 399. 
31. Gezariefa/. 73/4p/179, L67. 
32. Gordon 14IAU Symp.60, 477. 
33. Green 14AA SuplS, 2, 267. 
34. Gull 73MM62,135. 
35. Gull 75M/V171, 237. 
36. Gulliford 14ASS31, 241. 
37. Haslam et al. 14AA Supli, 359. 
38. Hill 74M/V169, 59. 
39. Hirabayashi 14IAU Symp.60, 353. 
40. Hirabayashi 747/4(7 S^mp^O, 187. 
41. Hirabayashi 14PASJ26, 2, 263. 
42. Hughes et al. 13Nat242, 5393, 105. 
43. Hughes et al. 14IAU Symp.60, 401. 
44. Johnson 14ApJl94, 337. 
45. Jones 14AA30, 1, 37. 
46. Jones et al. 14AJP5, 687. 
47. Sofue 13PASJ2S, 207. 
48. Zhouckl 13IVUZR16, 5, 754. 
49. Kapustin et al. 13IVUZR16, 1325. 
50. Kapitzky et al. 14ApJl&8, 27. 
51. Keen 13AA24, 2, 229. 
52. Kelly 14MN 33. 
53. Kundu et al. 74/4/79, 132. 
54. Kundu et al. 73/1/78, 170. 
55. Little 14IAUSymp.60,49l. 
56. Manchester 74/4p/188, 644. 

57. 

58. 
59. 
60. 
61. 
62. 

63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 

Mezger 74ESO/SRC/CERN Conf.Res. 
Program, New Large Telescopes Geneva 
Proc. 
Mezger et al. 
Milne et al. 14AJP21, 549. 
Milne era/. 141 AU Symp.60, 335. 
Mills 74/4 U Symp.60, 311. 
Milogradov-Turin et al. 7 4MN161, 
269. 
Mongain 13NatPS242, 122, 136. 
Rougoor et al. 14AA33, 3, 459. 
Shakeshaft 14IAU Symp.60, 185. 
Shklovskii 141 AVSymp.60, 373. 
Sironi 14MNX66, 2, 345. 
Slee et al. 14IAU Symp.60, 347. 
Soboleva 14AZh5\, 1341. 
Strom ef al. 
Price 14IAU Symp.60,631. 
Price 74/4/433,33. 
Taylor 13Proc.IEEE6\, 4, 469. 
Vajsberg 14AZh51, 922. 
Velusamy ef a/. 74/4/432, 375. 
Webster 74A/M66, 2, 355. 
Whiteoak ef a/. 73/47.13, 14, 205. 
Wilkinson 73MM63, 2, 147. 
Wilkinson ef al. 14MNX61, 593. 

D. HII Regions Radio Emission 

I. Gaseous Nebulae 

During the last three years (73—75) observations of continuum radio emission from H II 
regions in a vast range of wavelengths (1 mm to 75 cm) have been carried out. In comparison 
with the preceding three years a significant increase in the amount of observational data ob
tained at mm wavelengths is quite evident. Not only bright giant H II regions but also faint 
optically visible nebulae have been investigated. The study of brightness distribution of differ
ent types of H II regions with high and intermediate resolution goes on, however, some new 
features may be distinguished. Special attention has been paid to the statistical study of rela
tions between compact and large-scale structures within H II regions, also between compact 
H II regions, OH/H20 masers and bright infrared emission sources. In this connection it should 
be emphasized that investigation of molecular lines and infrared emission of H II regions has 
been very intensive. 

The intensive study of recombination radio lines of excited hydrogen, helium and carbon, 
and maybe some heavier elements is continued. Statistical investigation of electron tempera
tures obtained from the data on recombination radio lines has revealed that the electron 
temperature of H II regions depends on the galactic radius. 

Some studies of the effect of electron temperature and density fluctuations, and gradients 
on the continuum and recombination line emission of H II regions have been performed. 

The first high resolution survey of continuum radiation from extragalactic H II regions in 
the nearby galaxy M 33 has been made. 

II. Planetary Nebulae 

The intensive study of radio continuum in cm and dm wavelength ranges is continued. 
Detailed radio maps of a great number of planetary nebulae have been obtained in the con
tinuum with a resolution as small as 2". In a number of planetary nebulae recombination radio 
lines of excited hydrogen have been observed. 
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III. Radio Stars 

Radio emission of several new objects of MWC 349 type, peculiar stars with forbidden 
emission lines and large infrared excesses, have been revealed. It seems that new-type objects 
have appeared - Radio ETELS (Early-Type Emission Line Stars). Radio emission is supposed 
to be generated in vast gaseous envelopes, some kind of protoplanetary nebulae formed as a 
result of mass loss by the central star. 

Complex investigation of X-ray, optical and radio emission of X-ray stars is continued. 
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E. PULSARS 

At the present time the initial stage of 'pulsar accumulation' is being replaced step by step 
by the stage of their thorough investigation. The state of the matter is reflected in the papers 
published during the period under review (1), (2). The principal observational and some 
theoretical results are presented in (3). The most complete catalogue, including 147 pulsars can 
be found in (4). The bibliography presented below contains references mainly to observational 
works. 

Information on new pulsar discoveries is contained in (5)—(11). The most remarkable fact 
is the discovery of a pulsar in a binary system (12). 

Pulsar distances, proper motions, positions are found in (13)—(15). Pulsar periods, period 
derivatives are in (16)—(22). Period discontinuities in slow pulsars: (23), (24). Pulse profiles, 
their changes and variability: (25)—(33). Spectra, polarization in pulses, subpulses, precursors: 
(34)—(65). Pulsars and study of interstellar medium, halos, scintillations etc: (67)—(81). 
VLBI results are in (82)-(84). 

As to the nature of pulsar phenomenon, it is only generally accepted now that a pulsar is a 
neutron star and mechanisms of radio emission are coherent. The lack of complete clarity is 
mainly due to the insufficiency of knowledge of matter in the extreme conditions. The general 
characteristic of the magnetosphere of pulsars is presented in (85). The radiation mechanisms 
suggested and their discussion can be found in (86)—(92). A survey on the inner structure of 
neutron stars is in (93). 
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3. NEUTRAL HYDROGEN, 21 cm (GALACTIC AND EXTRAGALACTIC) AND 
RECOMBINATION LINES 

(I. V. Gossachinskij, B. Zuckerman) 

Three new general sky surveys with a resolution of up to 2 km s"1 have appeared. Practically 
the entire sky has been observed with an angular resolution of 0!5, and large regions of the 
sky with a resolution of 10°. The results come rather slowly due to an extremely large amount 
of information and slow process of data reduction. 

All the papers on the Galaxy during the last three years have shown a keen interest in (a) 
the very small-scale structure ahd movement of interstellar gas, and (b) very large-scale pheno
mena, including the Galactic centre region, large features at high latitudes, and H I streams in 
the local system. Some new observations have been made of H I complexes around clusters, 
H II regions, SNR, dust clouds, spurs. Very intensive observations of the H I absorption line and 
of the two-component structure of gas have been made. The deuterium line has been found in 
the spectrum of SGRA with much greater confidence than any before. 

Much progress can be seen in the accumulation of data on the H I line in external galaxies. 
Some puzzling results are available now on the H I absorption line in the direction of quasars. 

Many H I maps of nearby galaxies have been synthesized with a resolution of 0'.5, and integrated 
properties of about 200 more distant galaxies have been obtained. 
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14.6 Gossachinskij 15Izv.SAO 

7, 96. ss 
(see also 4.8, 5.7,6.4, 7.2,9.4,9.10, 
9.12,10.1, 10.5, 10.8,10.9,10.12) 

15. HI in galaxies, surveys and review papers 

15.0 Gottesman et al. 
13ApJ\84, 71. abs. Qss. 

15.1 Balkowski 73/1/129, 43. correl. 
param. 

15.2 Lewis era/. 13MN16S, 
213. 29 galobs 

15.3 Roberts 73/1/126,483. rot.curve 
15.4 Kellmanera/. 

73/lpt/184, 753. H I/types 
15.5 Bottinelli et al. 73/1/129, Haro gal-s 

217. 
15.6 Gerard 73/1/128, 95. halo in gal-s 
15.7 Bottinelli et al. 73/1/125, 

451. E gal-s 
15.8 Lauqueef al. 73/1/123, 

253. compact gal-s 
15.9 Balkowski ef al. 73/L423, 

139. compact gal-s 
15.10 Bottinelli etal. 73/1/122, Markarian 

281. gal-s 
15.11 Peterson et al. 14AJ19, peculiar 

767. gal-s 

15.12 Knapp et al. 74/1/79, 
667. E gal-s 

15.13 Emerson et al. 14IEAM3, 
19. 

15.14 Davies et al. 14IEAM3, 
19. obs. 

15.15 Dickel etal. 75/1/80, 
584. vel., H I/opt 

15.16 Dean etal. 15MN170, 
503. int.param 

15.17 Lewis et al. 15MRAS18, vel. H I/opt, 
75. 202 gal-s 

15.18 Bottinelli et al. 75/1/141, Markarian 
61. gal-s 

15.19 Balkowski et al. 74/L434, 
43. 

15.20 Shostak 15ApJ198, 527. Scd-gal.obs. 

16. HI in galaxies, single ones 

16.0 Brown era/. 13ApJl84, 
L7. abs.3c286 

16.1 Bottinelli ef al. 73/1/129, 
425. NGC5236 

16.2 Guibert 73/1/129, 335. M32, NGC205 
u.l. 

16.3 Huchtmeier 73/1/123, 93. NGC4244 Scd 
16.4 Davies 73MM61, 25P NGC4151 

Seyfert 
16.5 Huchtmeier 73/4/122, 27. NGC3109 Irr 
16.6 Guibert 73/L4 Sup\2, 263. M31 
16.7 Wright 73/4p/179, 453. M33 outer part 
16.8 Huchtmeier 73/4/422, 91. M33 
16.9 Erkes et al. 13BAASS, 

430. SMC 
16.10 De Younger al. 7 3ApJ 

185, 809. Per-A 
16.11 Guibert 74/4/430, 353. M31 
16.12 Madore et al. 74ApJ19l, 

317. M33 
16.13 Siefert et al. 14BAAS6, 

435. NGC3359 SBC 
16.14 Garozzy et al. 7 4/1/130, compact 

21. gal-s 
16.15 Wright 74/4/431, 283. Cent-A abs. 
16.16 Davies 75M/V170, 45P M31, HVC 

17. HI in galaxies, aperture synthesis 

17.1 Warner et al. 73A/M63, 
163. M33 

17.2 Allen et al. 73 /U29, 447. M101 
17.3 Shostak etal. 73/4/124, NGC2403, 

405. 4236 
17.4 Shostak et al. 734/124, 

411. 
17.5 Weliachev etal. 73/1/424, 

59. M51 
17.6 Rogstadef al. 73/4/122, NGC6946, IC 

111. 342 
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17.7 Wright et al. 73/1Z.13, 1. Maffei 2 
17.8 Seilestadef al. T$ApJ184, IC2574, NGC 

343. 7640 
17.9 Emerson et al. 73MM65, 

9P. M31 
17.10 Emerson 74A/M69, 607. M31 
17.11 Rogstad et al. 14ApJ191, 

309. M83 
17.12 Allen et al. IMAU Symp. MlOl, 

58, 425. NGC5383 
17.13 Rots etal. 74/L431, 

245. M81 
17.14 Shostaker al. 74/L431, 

97. IC10 
17.15 Gottesman et al. ISApJ 

195, 23. M81 
17.16 Weliachev 14ApJ\9\, 

639. abs. M82 

18. Galaxies in groups and clusters, intergalactic 
medium 

18.0 Daviesef al. 73AW165, gal.from. 
231. Virgo cl. 

18.1 Mirabel et al. 73/1/122, tail from 
437. SMC 

18.2 Smart 73/1/124,171. intergalactie 
Coma cl. 

18.3 Balkowski etal. 734/125, Stefan 
319. quintet 

18.4 Brown et al. 734p/184, 
L7. abs.3C286 

18.5 Gottesman et al. 1 lApJ 
184, LI . abs.QSS 

18.6 Shostak 14ApJ\81, 19. Stefan quintet 
18.7 Wright et al. 74/1/136, 441. u.l.cl. 
18.8 Bottinelli et al. 744/136, gal. in Coma 

461. cl. 
18.9 Mathe wson 14IAU Sy mp. 

60, 617. Mag.stream 
18.10 Davies 7 4/4 U Sy mp. 5 8, 

119. out of gal-s 
18.11 Mathewson et al. 14ApJ 

190, 291. Mag.stream 
18.12 De Young et al. 14ApJ 

189, 1. u.l. in cl. 
18.13 Huchtmeier et al. 75/1/4 

41 ,477. 
18.14 Winter et al. 15MNX12, interacting 

1 • gal-s 
18.15 Cohen et al. 75MV170, 

23P. Mag.stream 
18.16 Mathewson et al. ISApJ Sculptor 

195, L97. group 
18.17 Field 141 A U Symp. 63, Intergal. medium 

13. review 

19. Recombination H-lines, surveys and review 
papers 

19.1 Simpson 73/15520, 187. Stark, survey 

19.2 Gordon 14IAU Symp.60, 
151. g.c.review 

19.3 Guljaev et al. 14AZhSl, 
1237. OriA review 

19.4 Ahmad 14ApJ\94, 503. theory 
19.5 Terzian er al. 14IAV Symp. 

60, 241. review 
19.6 Batty 14MN16S, 378. survey 
19.7 Gull et al. 14ApJl92, 63. survey 
19.8 Gordon et al. 14ApJ\92, 

337. survey 
19.9 Parrish et al. 15ApJ19S, 

349. survey 
19.10 Hoangh-Binh72(see 

ref.l.2),361. line width 
19.11 Pyatunina 7 35o viet 

Astron.17,5. grad T e Ne 

19.12 Kerr et al. 14IA U Symp. 
60, 81. review 

19.13 Berulis et al. ISPisma 
AZhl, 28. H56a H II-5 

19.14 Spencer etal. 13BAASS, H246a, 247a 
452. H 1-5 

19.15 Parrish et al. 13BAASS, H226a, 248a 
452. H II-3 

20. Recombination H-lines in HII regions 

20.0 Parrish et al. 12ApJ17&, H221a, H248a 
673. inW51 

20.1 Matthews et al. 7 3 J W M 6 5 , 
173. H 1 6 6 a g . c . 

20.2 Lada et al. 734p/183, H 94a 
479. NGC7938 

20.3 Cato. TSOnsala Obs. H183a, 
Res.Note, No. 114. 2300 H II-5 

20.4 Terzian 73/1/78, 894. HI 09a Cyg X 
20.5 Pedlar etal. 73ATM65, HI66a Ros, 

381. NAm 
20.6 Chaisson 734p/186, 545. H94a, 1486 

OriA 
20.7 Brown et al. 73/lp/185, 

843. H166a, g.c. 
20.8 Waltmann 73/lp/185, L35. H42a OriA 
20.9 Chaisson 73/lp/182, 767. OriB 
20.10 Waltman et al. 13ApJl82, 

489. H66a 
20.11 Pankonin et al. 1 T>ApJ H247a., 248a, 

180, LI 13. W49A 
20.12 Sullivan 73/L429, 369. H166a W3 
20.13 Lockman et al. 73/lp/182, 

25. H159aGal. Cent. 
20.14 Pedlar et al. 74MV168, H166a in 

577. H2-3 
20.15 Macleodera/. 14JRASC 

68 ,266 . H85aW12 
20.16 Viner et al. 74BAAS6, 

349. W49 A, B 
20.17 Pankonin et al. 74/1/137, H221a, 247a, 

411. 248a, W51, W49 
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20.18 Pauls 74/L434, 327. H109a, 137/3, 
g.c. 

20.19 Huchtmeier 74/U32, 
335. H90a RCW 38 

20.20 Balik et al. 74/lp/188, 
45. H85a OriA 

20.21 Gardner e? al. 7 5/1/, 16, 
29. H134aW33 

20.22 Gardner et al. 1SMNX71, HI 10a 
29P. RCW142 

20.23 Brown et al. 15ApJ200, 
L155. g.c 

20.24 Churchwell et al. 14AA 
32, 283. 

20.25 Macleod et al. 15AA42, H85a 
195. NGC2024 

20.26 Thonnard 13BAASS, 451. H67a OriA 
20.27 Zeilik et al. 13BAAS5, 

451. H92aM16 
20.28 Zeilik et al. 74/1/79, 786. H92a M16 
20.29 Willson et al. 14BAAS6, 

350. HllOa M20 
20.30 Hoangh-Binh et al. 14AA 

35, 49. 
20.31 Lockman, Brown ISApJ 

201, in press. 

21. Recombination H-lines in other galactic object 

21.1 Bignell 73/lp/186, 889. H166a W44 
SNR 

21.2 Cesarsky et al. 73/lp/184, 
83. SNR 

21.3 Downes 74/1/134, 133. HI34a SNR 
21.4 Chaisson 74/lp/189, 69. SNR 
21.5 Terzian et al. 74/1/79,1018. planet.neb 
21.6 Bignell 14ApJl93, 687. planet, neb 
21.7 Higgs 14JRASC68, 295. widths, planet. 

neb 

21.8 Mcgee et al. 14AJP21, 
729. HI09a, LMC 

21.9 Pankonin 75/1/138, 445. H248a SNR 

22. Recombination H-lines in HI and dust clouds, 
and in diffuse medium 

22.0 Gordon 12CIAL17, 409. 
22.1 Gordon 13ApJ\S4, 11. dark cloud 
22.2 Davies et al. 73MJV165, 

149. H166a diffuse 
22.3 Pedlar 7306s93, 166. diffuse, review 
22.4 Lackson et al. 13BAAS5, 

331. HllOa diffuse 
22.5 Zuckerman 14IAU Symp. 

60, 45. H I 
22.6 Chaisson et al. 14ApJl89, 

227. H I 
22.7 Zuckerman et al. 14ApJ H I 

190, 35. 
22.8 Jackson et al. 15ApJ196, 

723. HllOa diffuse 

23. Recombination lines from heavier elements 

23.1 735/1/155,451. 
23.2 Brown et al. 14ApJlS9, 

253. dark cloud 
23.3 Zuckerman et al. 14ApJ 

190,35. 
23.4 Dupree 74/lp/187, 25. 
23.5 Chaisson 74ApJl9l, 411. 
23.6 Knapp et al. 15ApJl96, 167. 

(see also 20.6, 20.18, 21.3) 
23.7 Brown et al.!4AA 32, 83. C dark cloud 
23.8 Chaisson 73BAASS, 451. heavy el. 
23.9 Dupree 13BAASS, 22. carbon 

4. RADIOASTRONOMY INVESTIGATIONS OF INTERSTELLAR MOLECULES 

(V.K.Khersonsky) 

It is possible to claim that the interest in the subject mentioned above is continuously in
creasing. For the last three years 9 new interstellar molecules and some radio lines (which have 
not yet been identified) have been discovered. The total number of molecules observed in the 
microwave region is 31 . Most of the interstellar molecules are observed in our Galaxy. However 
some reports deal with the detection of microwave molecular radiation from extragalactic 
sources. 

The aim of the present review is to give a complete bibliography of papers published in 1973, 
1974, and partly in 1975. 

A. Carbon monoxide (CO) lines 

Carbon monoxide has been studied at the 2.6-mm wavelength (1= 1-0 transition) in the 
following objects: the galactic center (36, 38, 214, 215, 304, 305, 314, 315); Sgr B2 (411); the 
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Orion nebula (101, 124, 146, 212, 276, 362, 411,413)^Cyg X-region (84); in the spectrum of 
p Ophiuchi (102); IC 1396 (223): W49, W51 (312); W3, NGC 7538 (397); M17 (202); M82, 
NGC253 (282); M82, NGC 253, M31, M51 (345), and some other sources (77, 128, 195, 
196, 239). Special studies of radiation have been carried out for optically dark clouds (18, 19, 
225, 319); dust clouds (103, 240, 241); the sources associated with H II regions (90, 135, 229); 
and the star formation regions (222). General investigation of the distribution of CO molecules 
in the Galaxy has been made (309, 310, 399, 400). The structure and the detailed maps of 
some clouds have been studied (124, 146, 212, 214, 215, 319). The significance of CO in the 
cooling of interstellar gas clouds and the collapse of massive clouds has been discussed (18, 19, 
8 1 , 134, 222, 224, 228, 311, 312, 355). Molecules of , 2C 1 7 0 (104) and 13C 1 6 0 (135, 146, 
202, 223) have been observed. Emission in / = 2 -> 1 line of 1 2 C 1 6 0 and 1 3 C 1 6 0 has been 
investigated (135, 270). Laboratory measurements and calculations of CO frequencies have 
been reported (227). The cross-section of excitation of CO rotational levels in the CO-H2 colli
sions has been studied (64). 

B. Hydroxyl radical (OH) lines 

General studies of OH lines have been carried out for the following objects: W3 (143, 155, 
192, 264); W3A (52, 53); W10, W12 (52, 53); W22 (52, 53, 325); W28 (266); W30H (230); 
W31 (394); W37 (409); W41 (140, 141); W43 (140, 141, 322, 409); W49 (155); W49A, W49B 
(265); W49N (230); W51 (100, 140, 141, 323, 324, 395); W51A (52, 53); W73B (99); W75 
(408); W75B (299); NGC 2068 (169, 170); NGC 2071 (169, 170); NGC 2438 (145, 409); 
NGC 4945 (389); NGC 6334 (264, 327); NGC 6334N (192); the galactic center (206, 306); 
SgrB2 (155); Orion A (267); the Orion nebula (413); ON-3 (409); V 1057 Cyg (217, 218, 
219); Cyg X-region (263); VY CMa (264); NML Cyg (8); 3C 353 (140, 141); Southern Coal-
sack (32); the Carina nebula (85); M20 (328), and some other sources (5, 26, 27, 50, 51, 89, 
160, 166, 173, 184, 185, 209, 286, 287, 303, 367, 369, 402). Investigation of radiation from 
optically dark and dust clouds (66, 67, 68 ,190, 237, 256, 257, 393), as well as from IR sources 
(48, 398, 403) has been carried out. Emission and absorption of excited rotational levels have 
been observed (15, 121, 192, 261, 283, 284, 294, 299). Some anomalies have been discussed 
(367, 389, 390). Observations of OH maser sources have been reported (40, 75, 150, 189, 204, 
205, 207, 230, 233, 357, 404). Interferometry and VLBI measurements of OH sources have 
been made (76, 155, 191, 192, 232, 279, 406). The structure and the detailed distribution of 
the gas in the clouds have also been investigated (65, 143, 144,189, 216, 217, 218, 219, 220, 
266, 303, 324). Models for the OH masers have been proposed (41 ,42 , 43, 45 ,46 , 47, 63, 78, 
149, 182, 183, 203, 210, 261, 278, 326, 380). Polarization of OH emission has been studied 
(151, 217, 218, 219). Zeeman splitting of spectral lines has been used to determine the mag
netic field in the molecular clouds (75). Calculations of frequencies and probabilities of radio 
transition of OD have been performed (186); the estimate of the OD line strength towards the 
galactic center can be found in (6). The frequencies of the 17OH lines have been reported (376). 

C. Water in (H2O) lines 

H 2 0 emission has been observed in the following objects: W3, W49,W51 (353); W37.W43 
(409); W75 (353, 408); Sgr B2 (353, 378); the Orion nebula (353, 413); VYCMa, ONI (353); 
ON3 (409); NGC 2438 (409); NGC 6334 (353); far-infrared objects (387); OH sources (407) 
and some other sources (17, 59,142). Emission lines of the regions associated with H II regions 
and IR stars have been studied (11 , 48 , 49, 88, 220, 221). Observations of H 2 0 masers have 
been reported (91 , 180, 181, 308, 357). Interferometry and VLBI measurements of H 2 0 emis
sion features have been made (16, 20 ,191 ,193 , 200, 255, 262, 280). The sizes and the relative 
positions of some H 2 0 sources have also been determined (189, 230). The nature and models 
o f H 2 0 masers have been discussed (43, 45, 78, 79, 80, 210, 226, 344). Polarization of emission 
has been studied (24). Detection of HDO in Orion A has been carried out (373, 374). (See also 
(275)). Laboratory measurements and calculations of frequencies and line strengths of H 2 0 
have been reported (82). 
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D. Hydrogen cyanide (HCNj lines 

There have been general studies of the HCN lines in the following objects: Sgr B2 (178); 
Orion nebula (124,146, 178, 263); IC 1396 (223), in the direction of M8 (126) and M17 (202) 
and some other sources (58, 59, 195, 196, 250, 251). The papers (58, 59, 199,411,413) deal 
with the interpretation of observations. The structure of the emission regions in the Orion 
nebula has been discussed (124, 146). H 1 3 C I 4 N has been observed in the Orion nebula (254) 
as well as DCN (347, 401). Collisional excitation of the rotational levels of HCN by H2 has 
been studied (147). 

E. Formaldehyde (H2COj lines 

Observations of emission and absorption of different rotational H2CO lines have been made 
for the following objects: the galactic center (306, 313); SgrA (235, 388, 392); Sgr B2 (289), 
the Orion nebula (86, 105, 107, 146, 156, 413, 425), W3 (245, 391); W31 (394); W49, W51 
(312); NGC 2264 (244); NGC 7538 (95) CasA (360); in the direction of M17 (201, 202); 
Cen A (259), the Carinal nebula (119); Southern Coalsack (31); CygX-3 (243) and some other 
sources (111, 136, 158, 159, 160, 166, 369, 396). Observations for para-H2CO have been 
reported (4, 176, 177). (See also (248)). Investigations of H2CO radiation have been carried 
out in optically dark clouds (106, 244, 245, 246, 247, 393), dust clouds (69, 87, 103, 160, 
256, 257, 354) the regions associated with H II regions (229, 410). Interferometry measure
ments of formaldehyde line sources have been made (111, 112). Detailed maps and the struc
ture of such clouds have also been discussed (107, 146, 354). Anomalies of H2CO lines have 
been studied (69, 103, 160, 273, 357, 412). H2

 1 3 C 1 6 0 has been observed (410). H2CO forma
tion mechanisms have been discussed (73, 242). 

F. Other molecules 

CH radical. The molecule of CH has been observed (288, 295, 296, 297, 298, 300, 301, 371, 
372, 416). CH radio line formation mechanisms have been discussed (44, 120). The problem of 
formation of CH and its abundances have been studied (10, 21, 23, 98, 194, 331, 340, 341, 
384). 

Silicon monoxide (SiO). SiO observations have been reported (249, 348). Interpretation 
of the observations can be found in (134, 272, 413). Maser emission sources have been in
vestigated (39, 171, 172, 175, 334, 358). A model for explanation of pumping of molecular 
levels has been proposed (198). Precise laboratory measurements and calculations of SiO 
frequencies have been made (227). 

Carbon monosulphide (CS). CS radiation has been observed (146, 195, 196, 213, 223, 250, 
251, 312). The emission mechanism and the significance of this molecule in cooling of dense 
molecular clouds have been studied (134, 228, 311, 312, 413). Observations of l 2 C 3 3 S and 
1 2CMS have been reported (375). Frequencies of radio transitions of all isotopic species have 
been measured in the laboratory (227). 

Sulphur monoxide (SO). SO observations have been made in Sgr B2 (178), Ori A (60, 61, 
178), IC 1396 (223), and in the direction of Ml7 (202). Unsuccessful searches for SO in W51, 
IRC + 10216 and Heiles cloud 4 have been reported (4). Observations have been interpreted 
and determination of the magnetic field by measurements of Zeeman splitting of the rotational 
levels of SO in Orion A has been carried out (60, 61, 413). The SO formation mechanism has 
been discussed (260). The frequencies of the SO radio transitions have been measured in the 
laboratory (359). 

Carbonil sulphide (OCSj. OCS lines have been observed in Sgr B2 (4, 346). Unsuccessful 
searches for OCS have been carried out (4) in W51, IRC + 10216 and Heiles cloud 4. Laboratory 
measurements and calculations of OCS line frequencies have been made (231). The OCS forma
tion mechanisms have been discussed (260). 

Ammonia (NH3). This molecule has been observed in Orion A (253, 254), W3,W43,W51, 

https://doi.org/10.1017/S0251107X00005952 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00005952


RADIO ASTRONOMY 175 

Dr-21 (253), in cool and dark clouds (56), and in the direction of Hat Greek (55). The labora
tory studies of NH3 microwave spectra have been carried out (277). 

Thioformaldehyde (H2CS). The H2CS microwave line has been investigated in Sgr B2_(92, 
93,113, 321). Formation reactions have been discussed (260). 

Cyanoacetylen (HC3N). Observations of HC3N radiation in Sgr B2 have been made (122, 
236, 252, 346). Results of unsuccessful searches for this molecule in W51, IRC + 10216, and 
Heiles cloud 4 have been reported (4). 

Methanol (CH3OH). Studies of CH3OH lines in Sgr A, SgrB2 (197, 285), Orion A (12,13) 
and in the direction of Hat Greek (55) have been carried out. Observations and discussions of 
anomalous emission have been reported (12, 13, 164, 208, 271). Laboratory measurements of 
12CH3OH and 13CH3OH frequencies have been made (117,154). 

Methylamine (CHsNH2). Observations of CH3NH2 in Sgr B2 and Orion A have been report
ed (116, 178, 179). Results of a search for this molecule are also presented in (3). Unsuccessful 
observations in W51, IRC + 10216 and Heiles cloud 4 have been made (4). Anomalies of 
CH3NH2 emission in SgrB2 and Orion A have been discussed (178,179). 

There are also reports on the observations of the following molecules: 
Cyanogen (CNJ in the Orion nebula (274, 368, 413); 
Silicon sulphide (SiS) in IRC +10216 (249); 
Hydrogen sulphide (H2S) in the Orion nebula (413); 
Sulphur dioxide (SO2) in Sgr B2 (336); 
Ethynyl radical (C2H) in Sgr A, Sgr B2, Orion A, and soon (361, 363) 
Isocyanid acid (HNCO) in Sgr B2 (165, 333, 346); 
Formic acid (HCOOH) in Sgr B2 (405); 
Methanimine (H2CNHj in Sgr B2 (129); 
Acetaldehyde (CH3CHO) in Sgr B2 (115); 
Formamide (HCONH2) in Sgr A (139), Sgr B2 (281, 139, 291); 
Methylcyanide (CH3CN) in Sgr B2 (346); 
Vinilcyanide (H2CCHCN) in Sgr B2 (123); 
Methyl acetylene (CH3C2H) in Sgr B2 (333); 
Methyl format (HCOOCH3) in Sgr B2 (34); 
Dimethyl ether (CH3)20) in Orion nebula (335); 
Trans-ethyl alcohol (CH3CH2OH) in Sgr B2 (417, 418). 

G. Unidentified lines 

Some unidentified lines have been observed: U81.5 (346); U86.2 (332, 337); U89.2 (37, 
253); U90,7 (253); U93,2 (366). Possibilities of identification of these lines have been proposed: 
(226); (226); (37, 226, 379); (226); (147, 366). See also "Quarterly Summary" on Unidentified 
Lines. 

H. Candidates for radio observations 

Unsuccessful searches have been made for the following molecules: PN (253); nitroxyl HNO 
(114); thioisocyanid acid HNCS (9); formil HCO, pyridine CSHSN, acroleine CH2CHCHO (14); 
nitric acid HNO3, fulven C6H6 (125); pyridine CSHSN, pyrimidine C4H4N2 (320); benzonitrile 
C6HSCN, benzaldehyde C7H60, toluene C6H5CH3, nitrobenzene C6HsN02, cyclobutanone 
C4H60 (109). See also the 'Quarterly Summary' I of Negative Searches. The laboratory mea
surements and calculations of the radio frequencies of H2D

+ (258), HCO+ (163), HNC (268), 
H2CN+ (269), KOH, KOD (270), 0 2 (299), pyrrol C4H?N (25), methylenimine (188), vinil-
cyclopropan C3H6CHCH2 (62) have been reported. Radio intensities of the excited H2 have 
been calculated (293). Theoretical estimates for the intestellar H2 and HD rotational lines have 
been made (96). The H2 formation mechanisms have been discussed (22, 342), as well as those 
for HD (108, 382). Abundance data for H2 estimated from theoretical studies, UV and IR 
measurements have been reported (329, 333, 338, 350, 351). Possibilities of H2 and N2 radio 
observations in molecular complexes H2-NH3 and N2-NH3 have been discussed (187). Radio 
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lines of the molecule of HCl and formation mechanisms of this molecule have been studied (70, 
174). 

I. Miscellaneous 

General problems related to interstellar masers have been discussed (97, 130 ,131 ,132 ,133 , 
211, 290, 343). Distribution and excitation of molecules in different interstellar objects have 
been considered (83, 127, 137,157, 364, 365, 370, 386). Molecular formation and destruction 
processes have been studied (1 , 2, 7, 29, 33, 5 4 , 7 1 , 7 2 , 7 4 , 9 4 , 108,110, 152,153, 162,168, 
238, 302, 316, 317, 318, 356, 381, 382, 385). 
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5. EXTRAGALACTIC RADIO ASTRONOMY 
(Y. N. Parijskij and S. Pustilnik) 

For the last years no major changes have occurred in the development of extragalactic radio 
astronomy. The main flow of information has been supplied from the high resolution mapping 
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of sources of different nature — compact and extended (Cambridge; Westerbork; NRAO, U.S.). 
These maps have given rise to new concepts on the energy transportation from the nucleus 
region to the extended components of radio galaxies. A new class of 'tailed' radio galaxies has 
been discovered, and extremely large objects have been found. There is some progress in the 
mapping of very compact objects with VLBI techniques, but the general picture of the early 
stages of evolution of radio events in QSR and RG is not yet clear. 

Many new observations of variable radio sources available now, including 408 MHz positive 
results and short-time scale phenomena up to a fraction of an hour, have been obtained. Per
manent interest is taken in BL Lac-type objects. The general trend in this field is a rapidly 
increasing cooperation between different observatories and between different domains of the 
e.m. spectrum. 

Much progress in the accuracy of position measurement is evident; the radio position now 
can be certainly more accurate than the optical one. New attempts are being made now to 
achieve an accuracy adequate to optical identifications of a great number of radio sources. 
Some new accurate observations of the anisotropy of the Black Body radiation are available, 
but they are not at the level of the extreme predictions of the Big Bang cosmology as yet. The 
number of the catalogued sources increases rapidly, approaching that in optical catalogues. 
Some very deep surveys have been made and new short wavelength surveys are in progress. 
References to all the subjects mentioned above can be found below. 
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6. DEVELOPMENTS IN RADIO ASTRONOMY INSTRUMENTS 

(B. J. Robinson) 

A. Radio Telescopes 

I. Reflectors 

In 1973 the 100-m telescope of the Max Planck Institut fur Radioastronomie in Germany 
became fully operational (1). It has performed well at wavelengths as short as 1.35 cm. On the 
CSIRO 64-m telescope in Australia an area 37 m in diameter has been resurfaced to operate at 
X 1.35 cm, and a section 17 m in diameter resurfaced to operate at X > 5 mm. The 43-m tele
scope at Green Bank, U.S.A. has been converted to Cassegrain optics. At the Arecibo Obser
vatory in Puerto Rico the 305-m spherical reflector has been resurfaced (2) with aluminium 
panels for operation at X > 10 cm. For delay-doppler planetary radar at Arecibo a 30-m reflec
tor has been added to resolve position ambiguities by interferometry. 

One sector of the RATAN 600 telescope (3) in the Caucasus is in operation at wavelengths 
between 2 cm and 6 cm. At X 2 cm the beam is 11" arc X 15' arc. A Kraus-type reflector (4) 
25 m X 2 m at Gorkii, U.S.S.R. has a 20" arc beam at X 2 mm. 

Radome-enclosed 13.7-m telescopes for short wavelengths have been built at the Itapetinga 
Radio Observatory in Brazil (5) and by the Helsinki University of Technology (6). A similar 
13.7-m telescope is under construction in the U.S.A. at the University of Massachusetts, while a 
20.1-m telescope is being built at the Onsala Space Observatory in Sweden. Design principles 
for mm-X telescopes have been discussed by von Hoerner (7), while a novel trolley for accurate 
measurement of reflector profiles has been built (8). 

Numerous small reflectors for mm-waves have been brought into operation. These include 
a 4.6-m telescope in Canada at the University of British Columbia (9), 1.5-m and 6-m telescopes 
in Japan at Kisaruzu Technical College and Tokyo Astronomical Observatory, and a 1-m tele
scope in the U.S.A. at NASA Institute for Space Studies. An 8.5-m telescope is under construc
tion for Bell Telephone Laboratories (U.S.A.) and a 4-m telescope is being built for CSIRO in 
Australia. Optical telescopes at Lick and Palomar (U.S.A.) and at Siding Spring (Australia) have 
been used for mm-X observations during daytime or full-moon periods. 

II. Aperture Synthesis Arrays 

Extensive descriptions of the operation and data handling of aperture synthesis arrays have 
been published. With the Fleurs Synthesis Telescope in Australia (10—19) observations are now 
being made at 1415 MHz with a 800-m NS arm, which is being extended to 1200 m while the 
800-m EW arm is being extended to 1600 m. Details of the Westerbork array in The Netherlands 
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have also been given (20—27); lower noise receivers have been fitted at X 21 cm and work is in 
progress to double the baseline to 3 km by adding two 25-m dishes. A description has also been 
published of the 5-element synthesis array (28) at Stanford, U.S.A. The 5-km telescope at Cam
bridge (29) U.K. has been operated at 15 GHz where tropospheric phase errors are serious. At 
Cambridge an array of 42 elements at 151 MHz allows synthesis over a 1.5 km baseline; iono
spheric phase errors have proved to be troublesome. A report has been published on the status 
of construction of the Very Large Array (30) in New Mexico, U.S.A. 

At the Dominion Radio Astrophysical Observatory in Canada a synthesis array (31) for the 
21-cm hydrogen line is now operating. The Cambridge, U.K. 'half-mile' telescope now has 4 ele
ments with digital correlators. 

Blum et al. (32) have searched for optimum synthetic linear arrays of 4 antennas used in 2, 
3, 4 or 5 configurations. 

III. Interferometers and Arrays 

In Tasmania a 5 x 10s-m2 array for 2—20 MHz has been built as well as a 3 X lO^m2 array 
for 40-160 MHz. In Florida, U.S.A., Jupiter studies have been made with an array of 640 X/2 
dipoles. At Clark Lake (U.S.A.) the 720 conical log-spiral elements of the 'Tee Pee Tee' array 
(33, 34) have been connected to form one beam (ultimately 49); operating frequency range is 
15-130 MHz. Also at Clark Lake the COCOA-CROSS 7 X 104-m2 array (35) has been built 
to observe interplanetary scintillations at 34 MHz. A 3.5-km interferometer system is being 
linked to the Ootacamund array (36) in India. 

For pulsar observations an array 200 m X400 m with 16 simultaneous beams at 102.5 MHz 
has been built at Pushino, U.S.S.R. At the University of Massachusetts, U.S.A. an array of four 
36-m spherical reflectors is used to measure pulsars between 150 and 400 MHz. 

The 2.7- and 8.1-GHz interferometer at Green Bank, U.S.A. has been extended to a baseline 
of 35 km with a radio link to a 14-m dish. The electronics for the original 3-element system 
have been described (37). 

A number of mm-wave interferometers have been built or planned. At Hat Creek, USA two 
6-m antennas can be located at 50 stations on a T-shaped track 300 m X 200 m; initial operation 
has been at X 13.5 mm. At Bordeaux, France, two 2.5 m antennas on a 60 m baseline (38, 39) 
have been used for regular observations of the Sun and Venus. The Nagoya, Japan 8-element 
interferometer (40) at X 8 mm is being rebuilt to give an EW resolution of 40"; a two-dimen
sional position determination (synthesis) takes 2 h. Massachusetts Institute of Technology, 
U.S.A. are mounting three 5.5-m dishes (good to X = 5 mm) on a 300-m baseline with one dish 
one a 150-m track. 

IV. Radioheliographs 

The radioheliograph at Culgoora, Australia, now operates at three (41) frequencies — 43, 80 
and 160 MHz; a fourth frequency of 327 MHz is being added. The 7.5 cm radioheliograph at 
Tokyokawa, Japan, has been extended to a T-array (42) with 16 elements NS and 34 elements 
EW; the central element is used for phase correction (43). 

V. VLBI 

Several accounts of VLBI techniques have been published (44—47). The problems of VLBI 
measurements at low frequencies have been described (48). Phase closure has been used to 
reduce instrumental phase effects. An improved and cheaper VLBI terminal (Mk IIC) has been 
developed in the U.S.A. An intercontinental VLBI array (49) has been proposed. 

B. Low-Noise Receivers 

Many observatories are now using cryogenically-cooled parametric amplifiers which offer 
system noise temperatures of 50 K to 80 K depending on input configurations. Lower system 
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noise is offered by travelling-wave masers (50). System noise temperatures as low as 15 K have 
been achieved with T.W. masers used for spacecraft communication (51); these masers can be 
gain-stabilized by using a noise-adding radiometer (52). A wideband, tunable reflection maser 
has been built using a section of ruby-filled waveguide (53); the need for a circulator increases 
the noise somewhat. 

At short cm and millimetre wavelengths cooled Schottky-barrier mixers followed by cooled 
parametric amplifiers (54, 55) offer noise temperatures of 300 K to 500 K. Similar noise per
formance has been obtained at wavelengths as short as 1.3 mm using an InSb bolometer as a 
mixer (56) but the bandwidth is less than 5 MHz. A comprehensive survey of mm-wave tech
niques has been published by Penzias and Burrus (57). 

Significant progress has been made in the development of Josephson junction mixers and 
amplifiers (58, 59). Another new area under development is the cooling of FET's to give noise 
temperatures near 100 K. 

C. Spectrometers and Spectrographs 

A 1024-channel digital correlator (60) is in operation by CSIRO in Australia; two-bit cor
relation has shown the expected increase in sensitivity. Multi-level quantization has been used 
in a digital cross-correlator (61) at the Dominion Radio Astrophysical Observatory, Canada 
with 125 delays. An asynchronous correlator has been proposed by Abies. 

A spectrometer for studying the fine structure of the Sun has been designed (62) in the 
U.S.S.R. while another has been built with high time resolution (63). A high-speed digital solar 
spectrograph (64) is operating at Clark Lake, U.S.A. At Culgoora, Australia a broad-band polari-
meter has been built for solar bursts, while a novel spectrograph using electro-optical (65) 
processing has been installed. This electro-optic spectrograph has been tested (66) on the 64-m 
telescope at Parkes, Australia for recording broad OH profiles, and shows promise as a mm-wave 
spectrometer to analyse a 100 MHz band into 512 channels. 

In Tasmania Ellis has developed a spectrum-analysis technique with high frequency- and 
time-resolution (67) by recording the signals on a videotape recorder and playing the tape back 
at reduced speed. 

D. Other Developments 

Techniques for pulsar de-dispersion, searching, data-handling and display have been described 
by Taylor (68). 

Instrumentation of the Explorer-2 radio astronomy satellite (69) for 25 kHz to 13 MHz has 
been described. 
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