
GENWAL ATOMIC DIVISION ’’ 

GENERAL DYNAMICS COWORATION . 
John Jay Hopkins Laboratory for  Pure and Applied Science 

P. 0. Box 608, San Diego 12, California 

Work done by: 

W. E. Drummond 
J. H. Malmberg 
C . B. Wharton 

EXPWIMENTAL INVESTIGATION OF THE FUNDAMENTAL 

MODES OF A COLLISIONLESS PLASMA 

QUARTERLY REPORT NO. 1 

March 10, 1964 through June 10, 1964 

GACD- 5403 

Copy No. ij 
- 

Report writ ten by: 

Contradt No. NAS7-275 
National Aeronautics and Space Administration 
Western Operations Office 
150 Pic0 Boulevard 
Santa Monica, California 
General Atomic Project No. 407 

J. H. Malmberg 

June 22, 1964 

https://ntrs.nasa.gov/search.jsp?R=19650010261 2020-03-17T00:39:11+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/85255803?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


1 

INTRODUCTION 

During the current period we have been making machine modifications 

and developing instruments necessary for the experiment as w e l l  as making 

measurements on the ,plasma properties. We have built the new probe manipu- 

lators necessary for the experiment, and have greatly reduced electromagnetic 

coupling between the probes with a shielding technique. 

ratio of the receiver has also been materially improved. 

measurements on the geometry of the plasma and on the noise in the plasma. 

have been made. 

The signal-to-noise 

A number of 

These and other results are discussed in the following pages. 
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Probe Manipulators 

We have redesigned the probe manipulators to improve them mechanically. 

The probes may now be radially retracted 3-l/2" and a transducer has been 

installed on this motion so that floating potential, saturation currents, 

and wave power may be plotted on the x-y recorder as a function of radius 

automatically. 

of the machine and this motion is also transduced. 

have been improved mechanically to eliminate binding and jamming troubles 

we have had previously with the longitudinal motion. The accuracy of the 

angular manipulator has also been greatly improved. These new manipulators 

have been installed on the machine and appear to perform satisfactorily. 

The probe may still be moved longitudinally the full length 

The new manipulators 

Electromagnetic Shielding 

A difficulty with our transmission experiments in the past has been 

the problem of sorting out plasma wave effects from direct electromagnetic 

coupling between probes. Since the wave lengths involved in the two effects 

are very different, it has always been possible to determine whether we 

were seeing plasma waves or electromagnetic coupling, but it is nevertheless 

difficult to measure the damping of plasma waves when the electromagnetic 

coupling is large. 

coupling by surrounding the plasma with a stainless steel tube which is 

designed as a waveguide beyond cutoff. 

from 3" to 6". 

of separation which is satisfactory for our purposes. 

almost full length so the probes can still be moved longitudinally. 

We have achieved a very large reduction in electromagnetic 

We have tried tubes of various sizes 

For the 3" tube we obtain an attenuation of about 8 db/cm 

The tube is slotted 
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Receiver Signal-to-Noise-Ratio 

For our  first transmission experiments we used a swept frequency trans- 

mitter and a wide band receiver which displayed the detected signal on &I 

oscilloscope. It has become clear that this sort of system does not have 

sufficient sensitivity or signal-to-noise-ratio to observe the transmission 

of heavily damped waves. Since much of our interest is in the transmission 

and damping of waves that are heavily damped, we have had to devise a more 

sensitive detection scheme. 

frequency, and chopped at a few kilocycles. 

high frequency filter, a string of broad band amplifiers, an r-f detector, 

a video amplifier, and a coherent detector operated at the transmitter 

chopping frequency. 

the video bandwidth of the coherent detector is a few hertz. This improves 

the signal-to-noise-ratio, and hence the usable sensitivity of the receiver 

by 40 or 50 db. 

cyclotron fhquency but its application to a related experiment has enabled 

us to see transmission in a heavily damped region which was unobservable 

before, and we expect similar improvement in the electron cyclotron experf- 

ment. 

only in the range 25 to 250 megacycles because we lack sufficient gain at 

higher frequencies. 

circuitry for increasing the gain in the 300 to 1000 megacycle range. 

We now use a transmitter set at a single rf 

The receiver includes a sharp, 

The rf bandwidth is thus a few hundred kilohertz and 

We have not yet tried this system for waves near the 

So far we are able to exploit this technique to maximum advantage 

We are presently in the final stages of evaluating 

\ Plasm Parameters \ 

We have made a series of measurements with Langmuir probes on the 

geometry and parameters of the plasma. 

of 7 mm, a length of 230 cm, a density of 5 X 10 

ture of 12 f 3 ev, and a neutral density of 5 X 1011 molecules/cc (mostly H e ) .  

In a typical case we have a radius 
8 3 electrons/cm , a tempera- 
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The density may be varied from about 1 X 10 a t o  about 3 X 10 9 by varying 

the duoplasmatron arc  current. 

e i ther  far above or below the cyclotron frequency, 

f a l l s  about a factor of 10 i n  the length of the machine because ions a re  

migrating rad ia l ly  across the magnetic f i e l d  and s t r ik ing  the shield. 

think t h i s  diffusion i s  due t o  noise i n  the plasma, perhaps induced by the 

duoplasmatron. 

analysis of the wave experiment, although probably not too seriously. 

Hence w e  are able t o  s e t  the plasma frequency 

The plasma density 

We 

We would l i k e  to  reduce t h i s  e f fec t  as it complicates the 

, 

Plasma Noise 

We have made a ser ies  of measurements of noise i n  the plasma, as 

observed by a probe, i n  the range from 30 kilocycles t o  200 megacycles. 

For certain adjustments of the  machine (which we avoid fo r  the transmission 

experiments), the noise is  of the order of vol ts  a t  sharply defined frequencies 

of a few kilocycles. 

is  of the order of mi l l ivo l t s  i n  the kilocycle ranges, and microvolts i n  

the  megacycle ranges. The noise on the electrodes of the  duoplasmatron is 

much larger,  which makes us think tha t  at  least some of t h i s  noise has i ts  

o r ig in  i n  the arc. 

t o  enable us  t o  eas i ly  ident i fy  its origin.  

transmission experiments i n  the presence of t h i s  noise but we a l so  expect 

t o  do some work t o  eliminate it if possible. 

f o r  these experiments is background electromagnetic radiation. 

s i t i v i t y  of our receiver is  such that,  even though the system is  w e l l -  

shielded, we readily pick up the signals of loca l  te levis ion s ta t ions and 

FM stat ions.  

frequencies a t  which the f i l t e r  i n  the receiver r e j ec t s  them. 

const i tute  a nuisance but not a serious d i f f icu l ty .  

Under the operating conditions we choose, the noise 

The noise does not exhibit  a sharp s t ructure  i n  frequency 

We expect t o  be able t o  do 

Another source of interference 

The sen- 

Since all of these signals are narrow band, we can choose 

Hence they 
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Financial 

Approximately $20,000 has been expended or committed on this project 

to date. 


