
Ferrite A ttenuators 

for Traveling- Wave 

Amplifies s 

R. KOMPFNER and J. S. COOK 
Electronics Research 

Ferrite materials have found numerous important applications in communi- 
cations equipment because they have a property exhibited by no other mag- 

netic material - they can be arranged in a circuit to allow microwave energy 
to pass in one direction but not in the other. Devices for electrically isolating 
one circuit from another, for routing microwave energy over different wave - 

guide paths, and for many other purposes have therefore been constructed 
with ferrites. In recent research investigations, this material has also been 
used experimentally in traveling -wave tubes to eliminate reflections that 
cause troublesome oscillations. 

Because of their high amplification over a great 
range of frequencies, traveling -wave tubes are now 
being used extensively in broadband microwave 
transmission systems. Like most important techno- 
logical developments, however, the traveling -wave 
tube did not suddenly appear overnight in its most 
efficient form. A number of fundamental problems 
had to be solved first. One of the most important of 
the problems concerns the efficiency of traveling - 
wave tubes as amplifiers. The nature of these tubes 
is such that reflected signals may set up unwanted 
oscillations that greatly reduce their effectiveness. 

The simplest form of traveling -wave tube,* as 
shown in Figure 1, consists of a helical conductor 
through which a beam of electrons is passed. An 
electromagnetic wave to be amplified is launched on 
the helix at the end where the electrons enter ( left 
in the illustration ), and travels at about the velocity 
of light along the path of the helical conductor. Its 
effective velocity along the axis of the helix, how- 
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ever, will be considerably smaller, and will have a 

value depending somewhat on the frequency of the 
wave, but mostly on the pitch angle of the helix. 
Typically, the helix is wound with a pitch that re- 
duces the effective axial velocity to about one - 
sixteenth the velocity of light. The beam of electrons 
is then adjusted to the same velocity ( accelerating 
potential about 1,000 volts ). Amplification results 
because the electron beam continuously "boosts" 
the electromagnetic wave over the helix length, so 
that a much more powerful signal is taken off the 
output end. 

Unfortunately, it is practically impossible to ex- 
tract all of the output signal without permitting 
some signal energy to reflect back along the helix. 
The reflected signal may travel to the input end and 
be reflected again, with the result that the helix it- 
self becomes a feedback circuit and causes un- 
wanted oscillation. This effect is particularly trou- 
blesome because of the tremendous gain of which 
most traveling -wave amplifiers are capable; a very 
small reflected signal can produce a very large 
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amount of re- transmitted energy. An integral part, 
then, of every high -gain traveling -wave amplifier is 
some means of preventing reflected signals from re- 
turning to the input end of the tube. 

In the past, these oscillations have been overcome 
by introducing a certain amount of loss into the 
tube. This loss reduces somewhat the amplification 
of the signal traveling in the forward direction, but 
the weaker reflected signal is drastically reduced. 
For example, if we had a tube with an amplification 
of 45 db, we could insert a "cold" loss ( loss with no 
signal present) of the same value. It is a significant 
feature of the helix -electron beam arrangement that 
this 45 db of loss would reduce the net gain by only 
about one -third, to about 30 db, while the reverse 
loss of 45 db would be sufficient to absorb the re- 
flected energy. In other words, we sacrifice 15 db 
of gain to prevent oscillation. In practice, such at- 
tenuation has usually been provided by coating 
parts of the helix- supporting structure with a re- 
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Fig. 1 Simplest form of traveling -wave tube; elec- 
tron beam amplifies electromagnetic wave traveling 
along the path of the helical conductor. 

sistive film. The resistance can be distributed over 
the entire length of the helix, or it can be "lumped" 
in a small section of this length. 

More recently, an alternative solution to the prob- 
lem of traveling -wave tube oscillations has been 
suggested. This is based on the unique property of 
the ceramic -like ferromagnetic material called "fer- 
rite" to exhibit non- reciprocal attenuation;* that is, 
a properly magnetized ferrite can be arranged to 
pass an electromagnetic wave in one direction with 
very little loss, but to attenuate greatly any electro- 
magnetic energy returning from the opposite direc- 
tion. Such non -reciprocal attenuation may now be 
obtained in helix -type traveling -wave tubes through 
the use of ferrite materials. 

Figures 2 and 3 can be used to illustrate an exper- 
imental method of using this non -reciprocal proper- 
ty of ferrite. In Figure 2 a "cut- away" of the helix 
is shown, and lines of magnetic flux are drawn 
around the conductor at several places to show their 
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* RECORD, October, 1955, page 385; December, 1955, 
page 419. 
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Fig. 2 Rotation in direction of lines of magnetic 
flux; when wave moves left to right, arrow appears 
to rotate in a counterclockwise direction. 

pattern at a given instant of time. Arrows indicate 
the direction of the magnetic field at the points 
where the arrows are tangent to the lines. Now, if a 
hypothetical observer were standing beside the 
helix, and if he were able to watch one of the ar- 
rows as the wave went by, this arrow would appear 
to rotate. Assume, for instance, that the wave is 
passing from left to right in the illustration. The 
observer would first see the arrow in position num- 
ber 1, then later would see it in position number 2, 
closer to the vertical. That is, the arrow would ap- 
pear to be rotating counterclockwise. If the wave 
were passing from right to left, he would see the 
arrow first in position number 2 and later in posi- 
tion number 1, or clockwise rotation. 

Let us now slip a hollow cylinder of ferrite over 
the helix, and with a dc field magnetize it in a cir- 
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Fig. 3 - (a) Ferrite cylinder over helix assembly of 
traveling wave tube; direct current in turns of wire 
magnetize ferrite in circumferential direction; (b) 
"Life-Saver" ferrite rings used to decrease distor- 
tion of beam -focusing magnetic field. 
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