EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Particle motion in a traveling wave near cyclotron resonance

Citation for published version (APA):

Schram, D. C. (1967). Particle motion in a traveling wave near cyclotron resonance. In ICPIG : International
Conference on Phenomena in ionized gases : proceedings, 8th, Vienna, August 27 - September 2, 1967 (pp.
298). International Atomic Energy Agency.

Document status and date:
Published: 01/01/1967

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 17. Apr. 2021


https://research.tue.nl/en/publications/particle-motion-in-a-traveling-wave-near-cyclotron-resonance(d7a608fd-d7ef-4438-a2a9-ba397a80b07d).html

298

FUNDAMENTAL PLASMA PROPERTIES

Panel 4.1.6 Miscellaneous

4.1.6.2

PARTICLE MOTION IN A TRAVELLING WAVE NEAR CYCLOTRON RESONANCE

D.C. Schram

FOM-Instituut voor Plasma-Fysica

Rijnhuizen, Jutphaas - The Netherlands

The cyclotron resonance interaction between charged particles and a propagat-
ing e.m. wave has been the subject of several papers. In some of these (1, 2) the
problem is tackled on a single particle basis, neglectiné collective effects. Such
a treatment applies for a low-density plasma in a strong :e.m. wave. Then the energy
gain is such that the influence of the relativistic mass change on the resonance
parameter /g = eBO/mm is important. i‘kxe Doppler effect has then also to be taken
into account (3); the BJ of the wave may not be neglected. Though such exact treat-

© ments exist, it is difficult to obtain values for the characteristic quantities,such
as attainable energy and specific time for energy gain, from the applied fieldstrergths
initial velocity and index of refraction. It is the purpose of this article to satis-
fy this need for a special ca’se: zero initial transverse velocity. Here as well as in
the publications mentioned, the problem is solved in & as simple as possible field
configuration: a uniform right-hand?d circularly polarized TEM wave:

E sin(w t-kz) B, = E/v

-E cos(wt-kz) B, = f:/vp . sin(w t-kaz)

E, = . cos(w t-kz)
E =
y

propagating along a homogeneous static magnetic field Bz = Bo' Thus non-linearities
arising from inhomogeneity of the fields or the density are disregarded. Here the
formalism has been extended to include applied or §e1f~generated space charge fields

E =E (z) = dg /dz.
2 = To . dly¥) e

A relativistic formulation of the momentum equation is: et ;‘(E + v xB)
1 V.
Y -2

and after some manipulation, including a transformation to a rotating velocity frame,

The assumed fields are i-nserted in thisrequation

where o = m/mr =

we obtain an extended form of equation 2.3 of ROBERTS & BUCHSBAUM (1):

X.ldah-a-wv) oy e

t3
dar ~ ndp d(kz)

2 -
where & = eq)/mrc , n = index of refraction = c/vp and T = wt. From eq. (1) it is
evident that the relationship between the changes in energy and in axial momentum is
influenced by D.C. space charges. Though the influence of this field may have inter-

esting features we will neglect it in the remaining of this paper. The governing dif-

ferential equation is: d(Y/Y )2 2
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Here an electric field parameter g =
g = eE/mr wc and a resonance parameter
=1- -z h b =0 =
= " p=1 b/Yo zc/vp where r/m
g=0.01 eBD/mrq) have been introduced. The form
1_1/ Vo: of eq.. 2 indicates that y oscillates as
v Qi n =?-5 o a function of time (1, 2) and with help
I' Tos QI‘"‘ of eq. 3 it can be shown that this also
.\_/ happens. as function of kz. The quanti-,

ties to be calculated are the amplitude,

time t and distance ,icz of oscilla~
os os

- tion. The latter two are also important

to investigate the applicability of the

theory. Because the collisions are ne-

glected, the oscillation time t has
— K2 os
to be small comparéd to the collision
time tcoll' The gain or loss of the
wave must be small over an oscillation

fig. 1

distance. Both conditions are supposed
to be met. ,

In order to get easily readable results it is felt necessary to limit the num-—
ber of parameters of the problem; up to now we have six parameters to vary: electric
field strength (expressed in g), magnetic field strength ( P),index of refraction n,
and three initial velocity components (5:0, S'O, io) giving Yo Therefore we will re-
strict ourselves to a plasma in which thermal velocities, except for a drift velocity
along the magnetic field Bo’ are small compared to the velocities after acceleration:
%X = ¥ =0 (a cold plasma drifting along the BO field in a strong e.m. wave).

o o
Also a transformation has been used:
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respectively the to the energy related variable, the new electric field parameter and

the new resonance parameter. The equations become (in integral form):
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The integration takes place between two of the roots of the polynomial P4(6):5 = 0

and & = § extr. the absolute smallest other root. The sign of the roots depends on

1 the sign of G. If G <O (slow

wave) § 20, thus if

. extr,
| z°> vp the initial energy is
71 maximum and the particle

3 looses energy (a Cerenkov—

1 like condition for energy
loss). In all other cases

(G <0 but io <vp and G> O
(fast wave)) the electron al-
ways gains energy. & extr.is
2 and 3. With

] shown in Figs.
help of these figs.and eq. 4
the attainable energy may be
7 calculated..

t The oscillation time is ex-

] pressed in a sum of two inte-
grals I1 and Io, eq. 5, see
Figs. 4 and 5. (wt - kz)°5 is

1 the sum of those integrals.

n—’ 1 1 il L
-1 -05 K []] +05 + +15 +2Bven at resonance it appears
Fig. 2 B
that 11.: Io thus zosgtosio‘

The exact values can be de-
rived from egs. 4,5, and 6
and the Figs. 4 and 5.

The cases 2m=vp and
n=1 are exactly solvable.
if éo=vp the energy of the
particle does not change:
YEy  and z = ioz Vo
If n=1 the differential
equation becomes:
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A resonance oceurs ifp = 0;
the energy increases indef-
initely, so it appears as if
the Doppler effect cancels
the relativistic effect (1).

g may be given in the form

05
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¥(T) and it appears that for long
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this case too the characteristic
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J quantities have been calculated.
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