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B. C O N T I N U U M R A D I A T I O N FROM THE GALAXY 

F. D. Drake 

The breadth of studies of the galactic continuum radiation has greatly expanded since the last 
reporting period due to the discovery of new types of emitting objects, and new interest in aspects 
of previously known phenomena. The number of papers published has been of the order of a 
thousand, and it is possible here only to give a representative collection and to indicate some of the 
important papers. 

A most important development was the discovery of radio emission from a number of stellar 
galactic objects of various types. These included novae (59, 62, 177) which were seen to change 
their intensity and spectra in accordance with the theoretically predicted evolution of radio emission 
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from an expanding shell. High resolution interferometer studies also led to the detection of normal 
stars (63, 66, 175) such as Algol and Antares B, the radiation of which in some cases is variable. 
Several X-ray sources were detected (64, 65, 67, 176), among which Scorpius X — 1 was found to 
have a complex structure and variable radio emission. Infra-red objects were searched for and some 
found (71, 92, 191). Some notable work was done on flare stars (108) but activity in this field was 
relatively low. An entire issue of Nature, Review A was devoted to a remarkable outburst of the 
X-ray source Cygnus X-3. A review of stellar radio emission is given in 66. 

Pulsars continued to attract a great deal of attention, with effort being devoted to defining the 
radio phenomenon with great precision in order to determine how particles in the spinning mag
netic field of the neutron star gives rise to the complex results observed. A large number of papers 
on the general observational properties of pulsars appeared (2, 14, 23, 36, 37, 39, 43, 47, 51, 53, 
54, 76, 77, 78, 80, 102, 105, 111, 112, 118, 142, 144, 167, 168, 172, 173, 174). Spectral data were 
given in 76 and 77. A number of studies were made of the fine structure and systematic morphology 
of pulsar pulses and pulse trains (42, 79, 109, 110, 122, 137, 143, 156, 157, 158, 159, 161, 162, 
195, 196, 197). These showed that the pulse intensities of virtually all pulsars were modulated 
periodically, usually with two modulation periods, one acting towards the center of the pulse and 
the other towards the ends (195,196,197). This is related to drifting or marching subpulses. Pulsar 
nulling was also detected (195), and discrete transformations of mean pulse shape (196). A great 
deal of research was done on the Crab Nebula Pulsar (35, 52, 56, 113, 115, 117, 119, 120, 131, 
135,140,148,150,154,157, 159). This produced the statistics of the very strong occasional pulses 
of this pulsar, showed they were of duration of the order of 100 us, and showed the precursor 
component to be highly polarized, while the other components are not. Studies of the details of 
pulsar polarization and Faraday rotation were made (19, 50, 57,114,115,116,119, 151,155,162). 
The timing of pulsar frequencies continued (72, 81, 82, 130, 131), and showed all pulsars to be 
spinning down as expected in the rotating neutron star theories. The timing data for only the Crab 
Nebula pulsar produced good data on the torque mechanism in pulsars. The search for new pulsars 
continued, but with reduced effort (10, 16, 21, 22, 136). 

There were a large number of theoretical papers (145, 146, 147, 149, 150, 160, 192, 194) but 
the theory of the radiation mechanism remained vexed. A general review of pulsars is given in 
Review C (152), and there are much data on the Crab Nebula pulsar in Review B. A general tabula
tion of observed pulsar parameters is given in 168. 

A large number of detailed maps of supernova remnants were produced, many of these con
taining high quality polarization information (25, 26, 27, 28, 29, 30, 31, 46, 61, 83, 90, 98, 99, 
100, 101, 103, 144, 172, 183, 184, 188). These generally showed a geometry in the magnetic field 
which correlated well with the structure of the remnant, but no general rule emerged. In some 
remnants, fields seemed primarily radial, while in others they followed the outer contours of the 
remnant. A catalog of 117 possible remnants was produced (31). The Crab Nebula continued to 
draw particular interest (34, 45, 68, 87, 128, 140, 184). It was found that, contrary to previous 
reports, the radio spectrum at millimeter wavelengths contains no excess radiation, but is a con
tinuation of the spectrum seen at lower frequencies (128). An object related to a supernova, the 
Gum Nebula, was recognized as the fossil Stromgren sphere associated with the supernova of 
Vela X (5, 11). This led to the development of theories concerning the morphology and evolution 
of such objects (12). 

The study of H n regions made great strides, primarily through the application of high resolution 
pencil-beam and synthesis instruments, recombination line data, and improved and more general 
theories. There were a number of general surveys made of H n regions (18, 24, 86, 123, 166, 185, 
187). Many very high resolution maps were produced (48, 55, 84, 85, 87, 89, 128, 138, 141, 165, 
179,180,182), including some made by aperture synthesis (179,180,182). These showed the density 
distribution to be highly irregular, with very dense knots which are optically thick at rather high 
radio frequencies. An important development was the establishment of a class of H n regions called 
'compact', where densities are high and there is evidence of young age and possibly active star 
formation (17, 73, 124, 125, 126, 139, 164, 169). Improved instrumentation permitted major 
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progress in the studies of planetary nebulae, where again some evidence for dense knots was found 
(74, 88,127, 129, 163, 170, 181). 

New general surveys of the galactic radio emission were made with improved sensitivity and 
resolution at 1.414, 2.695, and 5.0 GHz (6), 1410 MHz (95), 408 MHz (133), 610.5 MHz (178, 
186), and 2695 MHz (185). Surveys of the distributed galactic background alone were made (60, 
97, 132). There was discussion of such surveys (39, 93, 94, 134) with a general review in 94. Few 
authors saw any evidence for a galactic halo. Spacecraft were used to measure the low frequency 
spectrum and crude distribution of galactic radiation down to 0.2 MHz, from which were derived 
the spectrum of low energy cosmic ray electrons (3, 15, 20, 49, 58). By similar techniques, the 
low radio frequency free-free absorption of the interstellar medium was observed (4, 13). From 
such surveys statistics were constructed on the distribution of thermal and non-thermal sources 
(7, 189, 190). 

The development of much improved millimeter wave telescopes and receiving systems allowed 
major progress in millimeter wave flux density measurements and, in some cases, the mapping of 
brightness distributions (1, 32, 38, 44, 121, 128, 191, 193). These data, with those previously men
tioned allowed the construction of far more extensive catalogs of radio source spectra (5, 41, 
69, 153). 

Special attention was given to the monitoring of variable radio sources (8, 96, 104, 106), and it 
was found that some sources vary in times of days, and some, such as Cygnus X-3 in times of 
hours (A). Efforts continued to measure the detailed polarization of radio sources (9, 33, 75). 

As usual, a source of special interest was the galactic center source, Sagittarius A (38, 70, 91). 
Observations designed to detect the presence of a black hole in the galactic nucleus gave encoura
ging but inconclusive results (40). 

One major search for extraterrestrial intelligent radio signals was conducted at 927 MHz (171). 
Some fifty stars were examined with negative results. This search is still in progress, and two 
more are being pursued in the United States. 
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C. LINE RADIATION FROM THE GALAXY 

Ben Zuckerman 

The goal of this section is to provide a complete bibliography of papers published in the past 
three years. A short list of various reviews and symposia is also included. The following discussion 
is an attempt to indicate what topic each reference is about. For a fuller discussion of the content 
of these papers, the reader is referred to the relevant reports to Commission 34 in the present 
volume and especially to the reviews listed below. 

1. 21-Centimeter hydrogen line 

Hydrogen line absorption interferometry in the Northern (165) and Southern (139, 270, 271, 272, 
273) hemispheres has yielded important new information relating to the two-component models of 
H i regions. Surveys of various regions with single antennas have also been carried out in the North
ern (7, 30, 31, 74, 75, 76, 217, 265, 279, 320, 321, 322, 325, 349, 368, 369, 374, 386, 393) and South
ern (139, 154, 187, 188, 190, 271, 272, 273) hemispheres. From these, various pictures of galactic 
structure (32, 33, 34, 95, 167,197, 227, 228, 289, 290, 291, 292) are obtained. Specific sources have 
been examined (18, 19, 45, 57, 92, 109, 110, 123, 124, 125, 138, 162, 166, 170, 184, 185, 193, 202, 
232, 277, 302, 306, 347, 348, 371, 377, 379, 380, 391, 416). The high velocity clouds (62, 87, 168, 
192, 195, 205, 206, 231, 242, 276, 372, 381, 384, 387, 388) and high velocity gas near the galactic 
center (203, 204, 234, 307, 308, 309) have received special attention. 21-centimeter emission and/or 
absorption has been used to obtain pulsar distances (86,126,127,143, 144, 225, 304) and to study 
cold clouds and the abundance ratio of dust and gas (221, 268, 279, 293, 303, 305, 324, 339, 373, 
385, 392) and magnetic fields through the Zeeman effect (24, 370,375, 376,382). Papers have been 
written on determination of the astronomical unit (244), 21-cm optical depths (107,152), the total 
mass of atomic hydrogen gas in the galaxy (122), and lunar occultation in the 21-cm line (201). 

2. Recombination lines 

The so-called 'diffuse' interstellar medium has recently been the object of considerable observational 
(66,131,133,140,171) and theoretical (40,130) work. Hydrogen lines from discrete H n regions in 
the Northern (51, 52, 54, 61, 77, 128,129,132,135,233,235,250,251,255,256,274,280,282,294, 
297, 298, 326, 337, 404, 405, 406) and Southern (35, 69, 99, 100, 237, 238, 240, 241, 407) hemi
spheres have been investigated. Theoretical analysis of recombination lines from predominantly 
ionized (4,5,20, 21, 22,23, 83,117,156,157,158,159,160,253, 263,318) and from predominantly 
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