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Alfven} has postulated the exiutﬁuca’éf hy&iamagnaﬂa waires to expl;in

'certain sunspot phenomena. Some rather complex experimentsl o‘baorvations
”"have been reported. - We have attampto& to generate aneh a wave at one end

- ofa cylindrlcal plaama, and to detect the trmmﬁtted wave at tha other end.

’Thls hydromagnetic wave guide ¢anu£otn of a condncting cy!inder. 34 in‘ .
long and 5 3/4 in in cliameter, filled wtth hydrogen gas to a pressure of )

B 100 microns, and monnted in a unliotm axial mugnetic field, At each end of

the cylinder thare h an inaulamr and a small cmial electrode, 2 im lmg
and 2 in. in diumeter The velocity of propagation of these waves can b{e
dariveds from. tbe fornmla ;VA - where K. the dielectric con&tant of

.apmlwa's*m éif‘ﬁmﬂﬁy ts equal to 1+ é"-ﬁ% v p s the plasma density,
a2
magne-tic ,field_. and ¢ the velocitv of light, 8113:9 K21, we havev

. §
. : N
5 .
VA“ [ — ) 1)
| (éwp)l/ z R - k

 * Work done under the au:yiéé‘s of the U.8. Atomic Energy Commission,
1 Visitor from AERE, Harweil. ,
Y, Alfven, A¥k. Mat., Astr. Fysik, 29B, No 2 (1942).
zsee T.G. Cowling, Mainetohydrodznamich {Intersclence Publisherse, !nc. .

New York, 1957), Chap. 3, for a review to !957; also Sawyer, Scott, and

Stratton, Phys. Fluids 2, 47 (1959).

. Spitser, Jr., Physics of Fully Ionized Gases, (Interscience Publishers, Inc.,
New York, 1956). - '
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The tube is preionized by discharge af a “elow" condenser bank (45 pf)

betwean the two central electrodes, This c:urrent reaches a maximum value of

50 kﬂoamp!eies in 17ysec, and then "rings " a few -timca. A fast condensa‘r bank

(1.2 puf) is then discharged between one center eleetrode and the outer cyxinder

~ Thia current renchea a max!mum value of 25 k&loamperu in G 7 psec and
also ringa a few timen. The radial aleczric fleld thus produced and the steady
| ‘axtal magnetic field generate a touional hydromagnetic wave, When this wave
 arrives at the far end of the cylinder the radial electric fleld E =- Vg XB_

m

pmduces a volgg ameranca between the center alectrcde and the outer cylinder.

In Fig 1A, "the bottom trace of the duel«beam oscilloscope uhowa the driving

' wave form, while the top trace is the trammittud wave form. The time scale is

1 psec/em. The ttmmﬁssi@ dme of the wave {s meaaured from the first peak
of the driving wave form té the first peak of the transmitted wave form. From

this transmiseion time and the known hngth ef the cyundar we have d direct

meuurement of the wave velocity.

The operation of the menauring circuiu can ‘be checked by discherging the
fost condenser bank when there is very qligb; ianiucipn in the tube. In this
case the transmitted wave arrivos at ﬂse‘iar' end, as wéum be. expgéted , with
no measurable delay. (Fig. 1G). -

The change in the transmitted wave form Y the magnetic field {s varied
is shown in Fig. 1, A through F. The tunamiuion improves with the larger
magnetic fields. The sxperimentsl velocitiea are plotted verms magnetic field
in Fig. 2, where the s#olid curve representsvth‘ez theoretical value given by
Eq. {1). One _mighé expect the experimental véldcit’;u to be somewhat larger

thaﬁ the theoretical velocities, as i‘enovéa‘.'b ’ From the ;&amre of the preionizing
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pulse we would expect the ionization to decreasc at large radii. The wave
| velocity would then be a function of ;m radive. This would incresse the average
vélocitsfv; avnd also ';nake the period of th§ ~tgaﬁamﬁt’t_ed wave form greates than
. that of the driving wave form, as 0)399_:%& in Fig. 1.
| T‘hemmured Veigéit'y &acréas‘ea ae_-thé'gas pressure is increasod, but
' the variation is not a8 large as predicted by Eq. (1). Since the energy from the
gieiani_zing condenﬁa‘r bank is 'approximﬁtﬂ;v constant, the per cent ionization
‘decreases vat"h-iéhcr 'pream_zi-'ea‘:m& causes a dégi_atinn irani the theoretical velocity.
If the ionigation p&ré_mété‘rs are not optimized, the measured velocity is larger
than- tiw 'énv% ve!oéiiy. ‘ana‘inthe limit of very low ionisation the "prompt"
'transmitted pulu of Fig. lG is ebserved. | | I
" At 12.6 kilogauss the peak of thé driving wave farm is about 1200 volts
and the peak of the trammitta& wave £orm {8 about 560 volta.” Thie factor of
2.4 in ﬂ:‘xe attemmtion could result from several caises, _The ra&ially dependent
wave velocity m__enﬁqi;eﬁ above can significantly decrease the transmitted wave peak,
Sheath effects may cause ‘aal‘y» part of the ‘drﬁviagk voltage tmb?%f{&tiva in actually
driving the wave. Some of the' wa&e' energy may 'b.e lost to the insulators.
- Finally there ia the attenuation of the wave‘ in passing through the plasma.
|  This work was initisted after di{cu;u;oai with Harold Furth. We wish
to thank Richard @'Sﬂlliv@'.' Plerre Pe‘m_saier. Leuia Biagi, and Gerald Wilson

for able aseistance. e
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Fig. 1. Dual-'beam oscilloscope traces of t.he transmitted wave form (tap)
and the driving wave form (bottom). The time scale is 1 mee/cm.
The top voltage scale is 500 volts/cm, and the botton is 2500 v_/c_m.
The hydrogen gas pressure ie 100 microns. The magnetic fields are
9.0,,8.1, 7.2, 6.3, 5.4, and 4.5 knégaun in pictures A _t&:‘qu'glt' F,
respectively. Picture G shows the “prowmpt"” transmission at'lnﬁ%‘ jon

d&nfeity.

Fig. 2. Wave velocity vs. magnetic fisld. The cizcles are a's:pe-rim@pta’l‘ pointe o

and the solid curve is the Alfven velocity. The hydrogen gn preaiure is:

100 microns.
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