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Microwave Noise from Low-Pressure Arcs* 
R. M. HILL AND S. K. ICHIKI 

Sylvania Electric Products Inc" Microwave Physics I_aboratory, 
Mountain View, California 
(Received August 28, 1959) 

T HE microwave noise from low-pres5u~e ar.c discharges .has 
been studied with the tube shown III Fig. 1. An oXlde

coated, hot tungsten cathode and a copper_anode are separated 
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FIG. 1. Detail of microwave arc tube. 

from a rectangular waveguide transmission system by wire mesh 
grids. The waveguide is sealed by vacuum windows. The power 
supply consisted of a condenser connected to a dc charging 
supply and a pulse-forming network which limited the arc dis
charge to 5 !'osec or less. The discharge was triggered by the 
application of a short, low-voltage pulse to the waveguide grid. 
The noise was detected by a superheterodyne receiver using a 
balanced mixer which had an Lf. bandwidth of 10 Mc. A variable 
attenuator was placed between the tube and the receiver. A 
commercial 16-db/Mc noise tube was used as a reference. 

After processing the cathode and filling with 200!'o of neon, the 
only detectable noise contributed by the arc discharge occurred 
in a very short spike at the beginning of the current pulse. This 
noise appeared throughout the waveguide range, 8-12 kMc, and 
within the limits of our measurements was of constant amplitude. 
The output of the commercial noise tube and this spike noise 
were compared by changing the variable attenuator until equal 
outputs at the receiver were achieved. This indicated a noise 
level during this spike of 45 db above thermal. 

As the tube aged, noise became discernible in other parts of the 
pulse and increased monitonically with time until the cathode 

FIG. 2. (a) Current pulse. 
(b) Microwave noise spike. 
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ceased functioning. This type of noise generation appears to be 
caused by deposition of cathode material around the tube and 
consequent secondary emission and possible unstable cathode 
emission. 

The short spike of noise occurs just as the current through the 
tube starts to rise (Fig. 2). Since the level at the detector could be 
changed by the waveguide attenuator, it must be microwave 
noise propagating in the waveguide. By use of a lO-Mc band
width scope, the current pulse was observed to rise to a peak of 
approximately 5 amp in 6X 10-7 sec. The initial rise was at a rate 
of 50 amp/JLsec. This spike occurs at the very leading edge of the 
current rise and its duration is less than 10-7 sec. Observations 
of time shorter than this were not possible with our oscilloscope. 
The time at which it QCcurs and the shortness of duration indicates 
a generation mechanism which operates during or before the 
establishment of the arc discharge. Westbergl has shown that 
large traveling potential waves accompany a glow to arc transi
tion. Our results indicate that the ignition of an arc discharge is 
accompanied by considerable microwave noise. It seems likely 
that the generating mechanism is provided by the potential 
waves discussed by Westberg. Similar noise has been observed by 
Moll et aJ.2 emanating from an avalanching semiconductor diode. 

* Work performed under contract with Rome Air Development Center, 
Griffiss Air Force Base, New York. 

1 R. G. Westberg, Phys. Rev. 114, 1 (1959). 
2 Moll, Uhlir, and Senityky, Proc. Inst. Radio Engrs. 46, 1306 (1958). 

Experimental Magnetohydrodynamic 
Power Generator* 

RICHARD J. ROSA 
Avco-Everett Research Laboratory, Everett, Massachusetts 

(Received November 30, 1959) 

PERSONNEL of the Avco-Everett Research Laboratory have 
been working for some time on magnetohydrodynamic 

(MHD) power generation. This work has led to its consideration 
for military and space applications and, in particular, for the 
large scale generation of commercial power.' It has also led to the 
construction of an experimental facility for studying MHD 
generators. Some basic results of this study are presented here. 
More complete results will be presented in a subsequent paper. 

The experimental facility is shown in the photograph on 
the cover of this issue. It consists of an arc wind tunnel or 
"plasma jet'" mounted above a magnet. The magnet with the 
MHD generator channel between its poles is supported by a tank 
which confines the exhaust and is vented to the roof. The arc 
heater performs for laboratory purposes the function of the 
thermal energy source in a power plant. 

To facilitate easy modification of equipment, neither the arc 
tunnel or the MHD generator are cooled. This limits the maxi
mum length of a run to about 10 sec. Actually, since steady state 
conditions are usually reached very rapidly, the facility has 
seldom been run for more than 5 sec. Both argon and helium have 
been used as the working gas. In either case, powdered potassium 
carbonate is introduced into the stream to enhance the electrical 
conductivity, the amount introduced representing generally about 
one atomic percent of the total gas flow. Gas conductivities of 
from 80 to 150 mho's per meter have been obtained depending 
upon the seeding rate and heating power used. 

The generator itself consists of an insulated channel containing 
electrodes, placed between the poles of the magnet. A great 
many runs have been made using a variety of channel and elec
trode designs and under differing gas conditions. The points 
plotted on Fig. 1 summarize the basic data obtained from a 
series of six runs, all made with the same channel (1 in.X3 in. 
X20 in. long), the same magnetic field strength (14000 gauss), 
and as nearly constant as possible arc power, mass flow, and 
seeding rate. In this figure is shown voltage, power output, and 
upstream stagnation pressure as a function of the current drawn 
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FIG. 1. MHD generator characteristics; 1 in. X3 in. X20 in. channel. 
14000 gauss field. The working fluid is argon plus approximately 1 % 
K,CO •• The total flow rate is about 300 g/sec. The gas temperature in the 
channel is estimated to be about 28000 K and the Mach number of the 
flow equal to about 0.7. 

from the generator, which, in turn, is a function of the load 
resistance presented to it. The solid lines give the theoretically 
expected variation. The data are representative in that good 
reproducibility is usually obtained except in about 20% of the 
runs. However, these occasional fluctuations in generator per
formance seem to correlate well with fluctuations in the 
performance of the arc tunnel. It seems likely that unintended 
variations in seeding rate are the primary source. 

It is worth remarking that the overall variation in voltage, 
power output, and pressure drop shown in Fig. 1 does not differ 
basically from what one would expect from a turbogenerator and 
indeed, in theory, it should not. 

As in a conventional generator (excluding those which have 
special features designed to improve voltage regulation), the 
output voltage decreases linearly as the output current increases, 
the slope of the line being proportional to the generator's internal 
impedance. Strictly speaking, the change in gas velocity with 
current drawn should also be considered. However, the relative 
change, which is about 15% at the high current end of the scale, 
is less than the experimental scatter of the data. 

Power output rises to a maximum when load impedance equals 
generator impedance; however, the highest "electrical" efficiency 
is obtained for higher values of load impedance. "Electrical" 
efficiency 'I), is defined here as 

power delivered to the load 
power generated 

Neglecting for the moment other losses such as those caused by 
electrode drops, the electrical efficiency is given simply by 

load impedance output voltage 
'I), load+generator impedance open circuit voltage' 

It is an important quantity in conventional generators since the 
power dissipated in its internal impedance represents waste heate 
which must be removed, and this not without difficulty. In an 
MHD generator this heat remains within the working gas. The 
electrical efficiency is then of importance only indirectly in that 
it partly determines how isentropic or reversible the process is. 
That is, it partly determines the effective "turbine" efficiency 
'I). defined by 

'I). 
(hi-h,) actual 
(h.-hi) ideal' 

where It; and h, are the initial and final gas enthalpies obtained in 
both cases after expansion through the same pressure ratio. If 
internal dissipation were the only source of pressure loss in a 

generator designed for constant flow velocity, the turbine and 
electrical efficiency would be related by 

'I), = [1- G~) (~-l/~)~'] / [1-(i) (~-1)/~], 
where Pi and PI are the initial and final pressures and 'Y is the 
ratio of specific heats. 

Another source of pressure loss in an MHD generator is that 
resulting from circulating eddy currents as the gas enters and 
leaves the magnetic field. On the basis of theoretical work done 
by Dr. F. Fishman of this laboratory, the eddy current loss in 
the experimental generator was estimated to be about one psi. 
Experimentally, the upstream pressure for zero output current 
was measured by switching off the magnetic field during a run. 
This measurement and a theoretical point one psi higher are both 
plotted on Fig. 1. The theoretical point now corresponds to what 
would be expected if the field were left on and the load made 
infinite. It can be seen that it is, in fact, in better agreement 
with the other measured pressure points and with the theoretically 
expected pressure variation. 

The author is grateful for the technical assistance of H. Resnick. 
In addition, he must acknowledge his indebtedness to the prior 
work of many people, in particular to Dr. A. Kantrowitz and to 
T. R. Brogan, S. C. Lin, R. M. Patrick, and H. Petschek who, 
under the direction of Dr. Kantrowitz, laid the foundations for the 
present work. 

* This work was partially supported by the Ballistic Missile Division, 
Air Research and Development Command, U. S. Air Force, under contract. 

1 P. Sporn and A. Kantrowitz, "Large-scale generation of electric power 
by application of the magnetohydrodynamic concept," Power (Novem
ber, 1959). 

2 T. Brogan, ARS J. 29, 648-653 (SePtember, 1959). 

Improvements on the Pedestal Method of 
Growing Silicon and Gernianium 

Crystals 
w. c. DASH 

General Electric Research Laboratory, Schenectady, New York 
(Received December 28, 1959) 

T HE pedestal method was developed to facilitate the growth 
of dislocation-free silicon crystals without a crucible.1,2 The 

purpose of this note is to describe some modifications which 
permit the growth of large crystals of similar perfection. The 
new arrangement is shown schematically in Fig. 1. 

The main feature of both the previously described and present 
methods is the withdrawal of a crystal from an inductively heated 
molten mound on top of a pedestal of the same material. In the 
earlier method the pedestal was cut into sectors to limit the power 
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