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LETTERS TO THE EDITOR 

ASTROPHYSICS 

Strength of Cosmic Radio Sources 
. THE disc?ve~'y of quasi-stellar objects has brought with 
It t.he reahzatl.on that bremsstrahlung radiation in the 
radiO wave reglOn as generated in a plasma has not boon 
properly understood. The present communication repre­
sen~s an ~ff?rt to account for the unusually high levels of 
radlO emlSSlOn from quasars and to explain, in particular, 
the spectral output from the sub-structures A and B of 
3C-273. 

It was suggested earlier l that the intense radio-wave 
emission from quasi-stellar bodies might be explained in 
terms of radiation from tenuous plasmas. Subsequent 
calculations' based on a stimulated bremsstrahlung mech­
anism in optically thin plasmas revealed that for 3C-273 B 
a self-consistent model confirming the Hubble law deduced 
location of the source (in the mcgaparsecs range) could be 
obtained. Indced, the fla t spectral power output in the 
neighbourhood of lOS Mcjs was reproduced . 

The problem remained, however, to account for the 
power spectrum of 3C-273 A, the spectral index of which 
(- 0'9) had prompted speCUlationS that a synchrotron 
mechanism was indicated, although it was rather doubtful 
~hat .sufficiently adequate magnetic fields were present; 
m pomt of fact, there was no evidence of strongly polarized 
radio waves from this portion of 3C-273. 

The following rational explanation is offered as a unified 
theory not only for parts A and B of 3C-273 and quasars 
genel'ally, but p<?ssibly for radio ga laxies as well. Suppose 
the number of lOns and electrons in a fixed volume be 
augmented. The power will at first grow as more and more 
fr~e transition occurs; but soon the inverse bremsstrahlung 
Will tend to cut down the radiative transfer to the surface 
of tho plasma as the black-body limit is approached. In 
o.ther wor~s, a maxim~ output of bremsstrahlung radia­
tlOn prevails at some mtermediate plasma density. Pre­
sumably part B of 3C-273 at n = 10/cms lies close to this 
point with a small optical depth in effect, whereas part A 
at n = 101 / cms manifests a larger optical depth, so that 
self-absorption gives rise to a fall-off of radio power at 
higher frequencies. 

based on a Sigma Xi address delivered at Fordham 
University on December 15, 1965. 
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GEOPHYSICS 

Remote Cyclotron Resonance Phenomenon 
observed by the Alouette Satellite 

.A NOVEL cyclotron resonance phenomenon associated 
;vlth the sec?nd harmonic of the electron gyrofrequency 
2f H IS sometImes observed on Alouette topside ionograms. 
The phenomenon occurs remote from the satellite and wilt 
consequently be called the 'remote resonance'. Tho 
cyclotron resonances which occur in the vicinity of the 
satellite, and which are responsible for the cyclotron 
flpikes, have been discussed by previous authors l ,'. 

A topside ionogram showing the trace produced by the 
remote resonance (,resonance trace') is presented in Fig. 1. 
The presence of substantial range-spreading of the echoes. 
commonly known as 'spread F', tends to obscure some of 
th e features on this ionogram; for clarity, a somewhat 
idea lized schematic diagram of this same ionogram is 
presented in Fig. 2. In Fig. 1 the lowest observed fre­
quency of the resonance trace occurs at a delay time 
corresponding to an apparent range of about 1,450 km. 
At slig.htly higher frequencies it appears at rapidly 
decreasmg range and subsequently joins the extraordinary 
wave trace. The frequency at which the resonance trace 
meets the extraordinary reflexion trace is defined as the 
'cut-off frequency' fe (seo Fig. 2). The second harmonic 
cyclotron spike (2fH spike) caused by a local resonance at 
the satellite is also indicated on the ionogram. 

Fig. 3 shows the real height of reflexion of the extra­
ordinary wave (obtained from the ionogram of Fig. 1) 
plotted as a function of frequency. Also shown is the 
variation with height of 2fH calculated from the ,Jensoll 

Gala.xies at still higher densities are further from the 
optimum region and are then characterized by varying 
de!5roes of p0'7er drop:off at high frequencies. Combining 
thiS aspect With the fact that quasi -stellar sources h ave 
lower temperatures (10' OK compared with 10' OK or 
greater), the enhancement factor m oc2 jkT for the latter 
provides added cause for quasars to emit proportionately 
larger amounts of radio waves. In essence, then, the 
combination of stimulated emission and low opacity for a 
pla~ma can give rise t~ unexpectedly large quantities of E 
emlt,ted electromagnetIC radiation, particularly in the ~ 
longer wave-length region of the spectrum. ~ 

1II1e 11<'1 hl 1.010 km - Local 2," reaon nr. I'lk~ 

It is not surprising that very dense, hot plasmas are f 
notoriously poor sources of steady radio emission. The " 
SUit, for example, exhibits low lovels of steady thermal f! 
radiation. ~ 

Tho effect of optimal density plasmas should be looked ~ 
for in the laboratory and more systematically investigated. 
Theoretical effort is being directed toward characterizing 
the build-up of radiated power from a plasma as tho 
carrier density runs the gamut from the low- to the high­
density region. 
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