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If a plasma is excited by two short pulses at the gyrofrequency and its second harmonic, respectively, with 
a time separation τ, a radiation maximum is predicted to occur at the gyrofrequency a time τ after the 
second pulse.

We consider a magneto-plasma which is exci- 
ted by two short microwave pulses, which have a 
time separation τ. The first pulse is assumed to 
be at the gyrofrequency, the second at its second 
harmonic. It is shown that a radiation peak at the 
gyrofrequency occurs a time τ after the second 
pulse. This radiation peak is due to the non- 
linear driving force during the second pulse.
This is in contrast to the usual echo, where both 
pulses are at the gyrofrequency [1-5].

The plasma is considered in the single-parti- 
cle approach. We account for field inhomogenei- 
ties by attributing different gyrofrequencies to 
different particles. In this model all electrons 
have at the end of the first pulse (fig. 1a) the 
same velocity V and the same phase.
V = e Eo1t1/2m is given by the strength of the 
first pulse, Eo1 being the amplitude of the elec- 
tric field and t1 the duration of the pulse. A time 
τ after the first pulse (∆ωcτ >> 1), i.e. at the 
onset of the second pulse, the electrons are dis- 
tributed on a circle in the two dimensional rota- 
ting velocity space [1] (fig. 1b) due to the differ- 
ences in gyrofrequency. The second pulse (at 
2ωc) induces a quadrupole moment (fig. lc). If 
v(τ) are the coordinates of a given particle in the 
rotating velocity space at the onset of the second 
pulse (fig. 1b) and v* its coordinates at the end 
of the pulse (fig. lc), we have in lowest order 
[6]:

(1)
with

Fig. 1. Distribution of particle velocities in a rotating 
velocity space a) a the end of the first pulse, b) at the 
onset of the second pulse, c) at the end of the second 
pulse, d) at a time τ after the second pulse, the first

pulse being at ωc and the second at 2ωc.

(2)
A time τ after the second pulse, a particle which 
has a phase angle φ at the onset of the second 
pulse has moved around the origin by another 
angle φ ± 2nπ. As a result the ellipse in fig. 1c 
has been transformed into a circle, the center of 
which is different from the coordinate origin 
(fig. 1d). This shows that a macroscopic dipole 
moment has been formed, i.e. there is a radia-
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tion maximum at the gyrofrequency at this time. 
For the radiation at the gyrofrequency we

have [4,5]:

(3)
where N is the number of particles considered 
and the function ø1(t) is given by;

(4)

where αl is the phase of the l-th particle at t = 0. 
If one determines ø1, for the radiation peak,

i.e. for the time τ after the second pulse [6], one 
obtains on the assumption s << 1

(5)
(5) gives a finite amplitude of the radiation peak 
even for τ → 0, in contrast to the results one ob
tains in the case where both exciting pulses are 
at ωc [4,5,7].

The conditions for the occurrence of the usual 
echo (both pulses at ωc) are of two types: a) Gene- 
ral conditions: The electron density must be 
sufficient for the effect to be observed, the initial 
temperature must be low enough so that the elec- 
trons do not drift out of the observation region, 
the decay time must be sufficiently long, etc. 
b) Special conditions which give the essential non- 
linearity. For the nonlinearity essentially two 
different mechanisms have been proposed, namely 
an energy dependent collision frequency [7], and 
an energy dependent gyrofrequency [4,5]. In or- 
der to demonstrate that in a given experiment a 
given nonlinearity is the echo forming mechanism, 
one could try to keep the general conditions fixed

and change only the special conditions until the 
echo disappears.

In contrast to the usual echo the new effect 
discussed in this letter (second pulse at 2ωc) 
depends on the general conditions only, because 
the nonlinearity is given in this case by the non- 
linear driving force during the second pulse, 
which does not depend on any plasma parameter. 
So this effect could be used to check indepen- 
dently of the special conditions, whether the 
general conditions are fulfilled under given ex- 
perimental conditions.

If other nonlinearities, such as a velocity 
dependent gyrofrequency or collision cross -sec- 
tion, are taken into account, further radiation 
maxima may be shown to occur at the gyrofre- 
quency at times 3τ, 5τ, etc. after the second 
pulse [6].

I should like to acknowledge stimulating dis- 
cussions with R. W. Gould, K. S. H. Lee and D. 
Montgomery.

References
1. R.W.Gould, Phys. Letters 19 (1965) 477.
2. G. F. Hermann and R. F. Whitmer, Phys. Rev. 143 

(196G) A122.
3. R. M. Hill and D. E. Kaplan, Phys. Rev. Letters

14 (1965) 1062.
4. W. H. Kegel and R. W. Gould, Phys. Letters 19 

(1965) 531.
5. W.H. Kegel, Plasma physics (J. Nucl. Energy 

Part C) in press.
6. W.H. Kegel, Calif. Inst. of Technology, Techn. 

Report no. 32 Nonr 220 (50), 1966. To be published.
7. D. E. Kaplan and R.M. Hill, Bull. Am. Phys. Soc.

11 (1966) 538.

318



UNCLASSIFIED

California Institute of Technology 

Pasadena, California 91109

PULSE STIMULATED RADIATION FROM A PLASMA INVOLVING THE SECOND HARMONIC 
OF THE GYROFREQUENCY.

Technical Report (reprint) Oct. 1966

Wilhelm H. KEGEL

October 31, 1966 2 7

Nonr 220(50)
Technical Report No. 34

Distribution of this document is unlimited.

Office of Naval Research 
Electronics Division 427 
Washington 25, D.C.

If a plasma is excited by two short pulses at the gyrofrequency and 

its second harmonic, respectively, with a time separation τ , a radiation maximum 

is predicted to occur at the gyrofrequency at a time τ after the second pulse.

UNCLASSIFIED



UNCLASSIFIED

plasma radiation

cyclotron echo

cyclotron harmonic radiation

UNCLASSIFIED


