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Preface

THIS VOLUME presents a discussion of the principles and maintenance of
weather radar sets.

Chapter 1 introduces the basic principles of generating and transporting
microwave frequencies. The chapter also reviews the use of the oscilloscope.
Chapter 2 covers the operation of radar in general and the characteristics of
the weather radar sets.

If you have questions on the accuracy or currency of the subject matter of
this text, or recommendations for its improvement, send them to USAF
School of Applied Aerospace Sciences (USAFSAAS), 'Chanute AFB, IL
61868.

If you have questions on course enrollment or administration, or on any
of ECl's instructional aids (Your Key to Career Development, Study
Reference Guide, Chapter Review Exercises, Volume Review Exercise, and
Course Examination), consult your education officer, training officer, or
NCa, as appropriate. If he can't answer your questions, send them to ECI,
Gunter AFB, AL 36118, preferably on ECI Form 17, Student Request for
Assistance.

This volume is valued at 9 hours (3 points).
Material in this volume is technically accurate, adequate and current as of

December 1972.
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CHAPTER 1

Analysis of Special Radar Components

WHAT TYPE circuit is needed to generate a
10,000 megahertz signal with 300 kilowatts
of peak power? What is velocity modulation?
What are pulse and delay lines? Why can't a
two-wire line be used to transmit 10,000
megahertz? These are just a few of the
questions that arise when the subject of
generating or transporting ultrahigh frequency
(UHF) radio waves is discussed.

2. In this chapter we answer these
questions as we discuss microwave oscillators,
waveguides, cavity resonators, artificial
transmission lines, and pulse amplitude
modulation. Not only that, but we hope to
give you some information that will help you
in the day-to-day operation and maintenance
of weather radar sets. We conclude this
chapter with a discussion of the oscilloscope
along with some pointers on its use.

,.,......--.......

1. Microwave Oscillators
1-1. The microwave transmitter and

receiver are very important to the efficient
operation of a radar set. Microwave oscillators
are the key components in the radar
transmitter and receiver. Weather radar sets,
such as the AN/CPS-9, AN/FPS-77, and
AN/TPQ-ll all have transmitting frequencies
that are over 5000 megahertz. The very short
wavelengths at these frequencies are called
microwaves. The oscillators used to generate
microwaves differ from those used to generate
lower frequencies. There are many reasons for
these differences. There are also reasons why
conventional oscillators cannot be used for
microwave generation.

1-2. Effects of Physical Structure. The
physical structure of a tube limits the
operating frequency of a conventional
oscillator because of the__ interelectrode •
capacitanc~s,)J}_du.c.tan~es-7in.theleads, transit..
"t(me' o:fu;-e" electrona.and dielectriclosses,
"-- 1-3. Interelectrode capacitances. At
ordinary radio frequencies, the interelectrode
capacitances of a vacuum tube have capacitive
reactances that are large; hence, they do not

have any serious effect. As the frequency
increases, however, the capacitive reactances
of the interelectrode capacitances become
less; therefore, more current is drawn in
charging these capacitances. For example, an
rf oscillator which has a plate-to-grid
capacitance of 10 picofarads has a reactance
of 159k ohms at 100 kilohertz and a
reactance of 159 ohms at 100 megahertz. If
the rf voltage between the plate and grid is
500 volts, then, the current drawn in charging
the plate-to-grid capacitance is 3.15 amperes
at 100 megahertz and only 3.15 ma at 100
kilohertz. These high charging currents at the
higher frequencies dissipate more power than
is being supplied as power current by the
tube.

1-4. Another way that interelectrode
capacitances limit the operating frequency of
conventional oscillators is seen by studying
figure 1. The interelectrode capacitances are
shown in the dotted lines. Note that the
plate-to-cathode capacitance is in parallel with
the series combination of the plate-to-grid
capacitance and the grid-to-cathode
capacitance. Effectively, all these capacitances
are a part of the capacitance of the tuned
circuit.

B+
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Figure 1. TPTG oscillator with interelectrode
capacitance.
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1-5. Thus, no matter how small the
capacitance, the interelectrode capacitances
limit the higher frequency operation of the
tube. In addition, the applied voltage and
loading of the oscillator vary the
interelectrode capacitances causing frequency
instability. This is especially true when C in
the tuned circuit is very small and the
interelectrode capacitances form a large part
of the total capacitance.

1-6. Inductances in the leads. Another
factor which limits the frequency of a
conventional oscillator is the inductance
present in the lead to each element. These
inductances, which have negligible reactance
at low radio frequencies, begin to have
considerable reactance at higher frequencies.
Since the inductance of the cathode lead is
common to both grid and plate circuits, its
reactance causes degenerative feedback that
reduces the amplitude of oscillations at higher
frequencies. In addition, as the external
circuit inductance is decreased in order to
generate a higher frequency, the lead
inductances of the tube represent a greater
portion of the total inductance and limit the
highest frequency of operation for the circuit.

1-7. Transit time. The physical structure of
a tube also sets a limitation on the operational
frequencies of a conventional oscillator
because of transit time. Transit time is the
time required for electrons to travel from the
cathode to the plate of a tube. In
low-frequency operation, this time is
disregarded because it is negligible when
compared with the time of one cycle. Thus,
grid voltage and plate current are considered
to be in phase, and plate voltage to be 1800

out of phase with them. At higher
frequencies, however, transit time becomes
appreciable when compared with the time to
complete one wavelength. For example, if the
transit time of a conventional tube is 0.001
microsecond, this time represents a half-cycle
at 500 megahertz but only %000 of a cycle at
500 kilohertz. Hence, the lag of plate current
behind grid voltage becomes an appreciable
portion of a wavelength at higher frequencies.
This lag in plate current causes the plate
voltage and grid voltage phase relation no
longer to be 1800

• As a result, oscillations
cannot be maintained in conventional
oscillators at frequencies where transit time is
greater than one tenth of a cycle; the
efficiency of a conventional oscillator drops
considerably. When transit time approaches a
quarter of a cycle, the oscillator does not
oscillate at all.

1-8. Dielectric losses. Other losses due to
the construction of the tube which become

especially objectionable at high frequencies
are dielectric losses between the tube base and
the envelope. These losses reduce the output
and efficiency of conventional oscillators
when used at high frequencies.

1-9. Effect of External Circuits. As the
frequency increases, conventional oscillators
also have limitations which are due to the
external circuits of the oscillator. These
limitations are caused for the most part by
two types of losses-skin effect and radiation.

1-10. Skin effect. A large increase in
frequency causes a considerable increase in
the resistance of a vacuum-tube circuit. This is
because current tends to flow in a thin layer
on the surface of a conductor as the
frequency increases. The depth of the layer
becomes thinner as the frequency is increased.
Therefore, as the frequency increases, the 12 R
losses due to the skin effect become greater.

1-11. Radiation. Radiation, which is
another cause of power loss in a conventional
oscillator at high frequencies, is due to the
incomplete cancellation of electromagnetic
fields in the region surrounding the circuit. At
low frequencies, a spacing between
conductors which represents only a small
fraction of a half-wavelength causes complete
cancellation of fields in all directions. As the
frequency increases, however, the identical
spacing represents a larger fraction of a
half-wavelength; this causes less cancellation.
At the frequency at which the spacing
represents a half-wavelength, the fields add in
the direction of the plane carrying the two
conductors and causes radiation as though
from an antenna.

1-12. Ultrahigh Frequency Tubes. The
limitations caused by the physical structure of
tubes are overcome or reduced by
constructing special type tubes. Low
interelectrode capacitance is attained by the
use of small, carefully designed electrodes.
Although a reduction of interelectrode
capacitances is possible by an increase in the
spacing between electrodes, this has the
adverse effect of increasing transit time.
Consequently, UHF tubes tend to have small
electrodes, a condition that causes them to
have low-power capabilities.

1-13. Reducing the physical size of the
tube and making shorter leads that are larger
in diameter reduces the lead inductances. The
leads in most UHF tubes are brought out
through the tube envelope without using a
conventional tube base. If the leads are
brought through the glass at points where
there are voltage nodes, dielectric losses are
reduced.

1-14. Transit time is reduced by closer
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Figure 2. Acorn tubes.

spacing of electrodes and higher plate
voltages. Bringing electrodes closer together,
however, increases the interelectrode
capacitance of the tube. This method is,
therefore, used only if electrodes are made
smaller at the same time. In most cases, higher
plate voltages are applied to reduce the transit
time.

1-15. For an example of how some UHF
tubes are constructed, refer to figure 2. These
tubes are called acorn tubes because of their
appearance and small size.

1-16. The internal arrangement of these
tubes is similar to that of a conventional tube,
but they have small spacing between
electrodes to reduce transit time, small
electrodes to reduce interlectrode
capacitance, and short thick leads to reduce
lead inductance. Note that the leads are
brought directly through the glass and that no
conventional tube base is used. Tubes of this
type are used as oscillators or amplifiers at
frequencies up to about 300 megahertz.
Frequencies up to 600 megahertz may be
attained, but efficiency is very low.

1-17. Even though these tubes operate at
much higher frequencies than conventional
vacuum tubes, they do not meet the need for
a tube to use as a local oscillator in radar. This
oscillator must be able to generate frequencies
above 9000 megahertz. This requirement is
met by a special type oscillator+the reflex
klystron.

1-18. Reflex Klystron. In radar, most
receivers use 30 or 60 MHz intermediate
frequencies. In superheterodyne receiver
operation, the frequency stability of the local
oscillator is a highly important factor. For
example, in a radar receiver which receives a
frequency of 3000 MHz, a frequency shift in
the local oscillator of only 0.1 percent is a
3-MHz frequency shift. This is equal to the

bandwidth of most receivers and would cause
a considerable signal loss in the receiver.
Therefore, the radar local oscillator must have
a very-high-frequency stability.

1-19. Another consideration for a radar
local oscillator is that many radar receivers
use crystal mixers. In this type of mixer, the
power required from the local oscillator is
small-only 20 to 50 mw or less in most cases.
Because of the very loose coupling, only
about 1 milliwatt of the power from the local
oscillator actually reaches the crystal.

1-20. A radar local oscillator must be easy
to tune over a range of several megahertz.
This is needed to compensate for changes in
the transmitted frequencies and in its own
frequency. In cases where the RF units are
located in a remote position, the converter
section of the receiver may be mounted near
the transmitter. Thus, the IF rather than the
transmitted frequency is cabled back to the
receiver. Therefore, it is often necessary to
tune the local oscillator from a position some
distance away by varying the voltage applied
to it.

1-21. Since the reflex klystron meets these
requirements, it is used almost exclusively for
local oscillators in microwave radar receivers.
A reflex klystron uses a resonant cavity as a
tank circuit (frequency determining device)
and generates microwave frequencies. Since
the electrons are accelerated or decelerated at
different rates (varying their velocities), a
reflex klystron is known as a
velocity-modulated tube.

1-22. Klystron electron path. Figure 3
shows the circuit of the reflex klystron; note
the arrangement of electrodes and the
operational voltages. An indirectly heated
cathode emits electrons. These electrons are
attracted by the cavity grids that have a
positive potential (Ea) of approximately 300
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Figure 3. Reflex klystron.

volts with respect to the cathode. The control grids from the cathode, the electron stream is
grid, located between the cathode and the uniform. The time that is required for the
cavity grids, is positive with respect to the electrons to pass through the small distance
cathode also. It controls and accelerates the between the grids is small compared to the
flow of electrons from the cathode and period of oscillation. Electrons that enter the
focuses the electrons into a beam. Therefore, space between the grids when e is zero
the electrons emitted from the cathode travel encounter no AC electrical field, and they
toward the cavity grids at a high velocity. pass through at the same velocity. The
Most of the electrons pass through the control electrons that enter the space when the top
grid and the cavity grids and continue on grid is positive with respect to the bottom
toward the repeller plate. After passing the grid encounter a field that accelerates them.
cavity grids, they come to a region where the The degree to which they are accelerated
electrical field opposes their motion, since the depends upon the amplitude of e. Electrons
repeller plate is about 130 to 190 volts entering the space when e is reversed in
negative with respect to the cathode. This polarity are decelerated. The change in
negative voltage slows down the electrons, velocity due to acceleration and deceleration
causing them to come to a stop, reverse is small compared to the original velocity.
direction, and return through the cavity grids. Those electrons that are accelerated the most
They are collected by ei1"1erthe control grid, travel farther toward the repeller plate before
the shell, or the cathode of the tube. The
distinguishing feature of this tube is the
repeller plate, or reflector, which gives the
reflex klystron its name.

1-23. Electron bunching. What causes the
resonant cavity to oscillate? In most
oscillators, oscillations start from some

I irregularity in current flow, such as a transient
that results from voltage being suddenly
applied to the tube. With this in mind, you
can assume that oscillations in the resonant
cavity are started by the electron stream that
shocks the cavity into oscillation. From this
assumption, what is the source of the energy
to sustain these oscillations? With the circuit
oscillating, a high-frequency voltage, e,
appears between the two cavity grids. This
makes the electric field between these grids
reverse twice each complete cycle of
operation.

1-24. As the electrons approach the cavity

30250 -1-3-17
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Figure 4. Bunching action of electrons.



being turned back, while those that are
decelerated most are turned back farther from
the repeller. Therefore, electrons returning to
the cavity grids arrive in bunches.

1-25. Figure 4 shows the position of
electrons in the tube at various times during
their transit. The zero distance position is
midway between the cavity grids. Electron A,
which arrives when e is positive, is accelerated
and travels farther toward the repeller plate
before being turned back. Electron B is
unaffected bye, and electron C is decelerated
because e is negative. Therefore, electron Cis
turned back after traveling a shorter distance.
In the diagram these electrons and the ones
passing through at intermed~te ~es :u:e
shown arriving back at the cavity gnds at the
same instant (arrow on time axis). This
"bunching" is the ideal situation and
reinforces or sustains the oscillations of the
cavity. Since electrons are emitted in a
constant stream, it is not difficult to see that
electrons return to the cavity grids in
"bunches" that vary in intensity at the
oscillator cavity frequency. It is because of
this fact that the reflex klystron is called a
velocity-modulated tube. It is called a reflex
velocity-modulated tube because the electrons
reverse direction and travel through the
interelectrode space twice.

1-26. Sustaining oscillations. On the return
trip, the electric fields set up by voltage e act

upon the electrons ag~n. Si?,ce they are now
traveling in the OPPOSltedll'ectlOn: they. ~e
decelerated if they return when e 18 positive
and accelerated if they arrive when e is
negative. You already know that an ~lect:on
that is accelerated by an electnc field
increases its kinetic energy and that this
additional energy is taken from the electric
field. On the other hand, an electron that is
decelerated gives up energy to the electric
field. Now, if the electron bunches can be
made to arrive back at the cavity grids when e
is positive, they give up energy to the
altematinz field. For maximum transfer of
energy, the bunches must m:riv~ when e is
maximum positive, as shown m figure 4. The
question arises as to where this energy
originates. If the electron stream from the
cathode is uniform, the electric field of e
accelerates some electrons and decelerates
some electrons on the outbound trip. On the
average, as many electrons absor~ ene~gy
from the field as give up energy to It during
the bunching process. The kinetic energy of
the electron is imparted to it by the DC
voltage. Thus, energy is taken from the DC
electric field and transferred to the AC field,
and oscillations are sustained. The velocity
modulation and bunching of the reflex
klystron overcome the disadvantage of
electron transit in other UHF oscillators.

1-27. Modes at operation. It is not
necessary that the bunches of electrons return

I
HIGHER

FREQUENCY

I_---r-_RESONANT ------;I'--==l----+-~r fREQUENCY ELECTRICAL

I BAND WIDTH

LOWER ~
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I ,---- I'I ! ~~ _
- -t _. - - - - -- - - - - - - - -

I
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BUNCHES TO FORM 30250-1-3-18
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Figure 5. Power output and frequency versus repeller voltage.
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Figure 6. External view of Shepherd-Pierce reflex klystron.

to the grids on the first positive swing of e
after they leave them. Figure 4 indicates that
if the bunches arrive on the second positive
swing, the net result is still the same. To
sustain oscillations, you can see that the time
in transit for the average electron B can be %
cycle, 1% cycles, and (projecting this beyond
what is shown in fig. 4) 2% cycles, etc. In
practice, there are three modes in which the
reflex velocity-modulated tube oscillates. The
heavy lines in the illustration indicate paths of
electrons operating in the first mode, while
the light lines indicate paths of electrons
operating in the second mode. A third mode
is possible when the average transit time is 2%
cycles, etc.

1-28. The transit time is controlled to
produce oscillations in the different modes.
Remember that the original velocity of an
electron depends on the DC voltage, Ea, and
the distance that the electron travels before
turning back and the speed with which it
returns depends upon the difference between
E, and E, to operate the klystron in any of
the modes. The voltage E, is usually fixed,

since varying it produces a greater initial
velocity, and E, is usually variable. For
operation in the first mode, the round trip
must be completed in the shortest time. This
is accomplished by making the repeller plate
most negative. For operating in other modes,
the repeller is made less negative.

1-29. Figure 5 shows the power output
and frequency of oscillations as functions of
the repeller voltage for three modes of
operation. Notice that the frequency at the
point of maximum power output is the same
for all three modes and is the resonant
frequency of the cavity. In addition, note that
the power output for the various modes at the
resonant frequency is not the same, and the
power output is least in the highest mode,
shown on the left in figure 5.

1-30. The band of frequencies that is
obtained by varying the repeller voltage lies
between the half power points shown in
figure 5. This range of frequencies is known as
the electrical bandwidth.

1-31. The choice of the point and mode of
operation is a compromise among several

6
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Figure 7. Typical small magnetron.

factors. To begin with, there are three modes
that have the necessary power output. On the
whole, it seems that the correct choice would
be the highest mode, for it gives the largest
tuning range. The highest mode, however, is
too sensitive to a change in voltage to be very
well regulated. A change of one volt may
cause a change of 0.5 MHz in the 3000-MHz
oscillator. Since the humps are
unsymmetrical, the point of operation is
usually chosen a little below the point of
maximum output. This makes it possible to
tune the klystron above the operating
frequency by a greater amount than if the
maximum power output point were used.

1- 32. In practice, the reflex
velocity-modulated tube is usually used with
an automatic frequency control circuit which
controls the repeller voltage to maintain the

CATHODE

PICKUP

GLASS SEAL

AL TERNATE SEGMENTS
OF PLATE

o MOUNTING flANGE 0

correct intermediate frequency. Keep in mind
that the oscillator frequency is determined
primarily by the dimensions of the cavity and
that the repeller voltage is effective only in
making small changes in the frequency. In
most reflex velocity-modulated tubes, there is
a coarse frequency adjustment that changes
the cavity size in some way, and the repeller
voltage is the fine frequency adjustment.
Figure 6 is an external view of a
Shepherd-Pierce reflex klystron showing its
tuning strut. This tuning strut is a coarse
frequency control that varies the distance
between the cavity grids and tunes the cavity
by changing the capacitance of the resonant
cavity.

1-33. The reflex klystron solves the
problem of a high-frequency, stable oscillator
for use as a local oscillator. But to give radar

Figure 8. Cutaway view of a magnetron.
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Figure 9. Path of electron moving in a magnetic field.

its far reaching range, a more powerful
oscillator is needed. The oscillator that fulfills
this is the magnetron.

1-34. Physical Description of a Magnetron.
The magnetron is a diode in which there is a
magnetic field that is perpendicular to the
electric field between the cathode and the
plate. The tuned circuits included in the tube
are in the form of cylindrical cavities. The
cathode and filament structure is at the center
of the tube and is supported by filament
leads. These filament leads are large and stiff
enough to keep the cathode and filament
structure fixed in position under ordinary
circumstances. Figure 7 shows you a small
magnetron without the magnet (left) and
shows the relative position of the magnet
(right).

1-35. The plate structure, as shown in
figure 8, is a solid block oj copper in which
the resonant cavities are cylindrical holes. A
narrow slot opens each cavity into the central

d'

portion of the tube and divides the inner plate
structure into as many segments as there are
cavities. Alternate segments are strapped
(shorted) together to put the cavities in
parallel so far as the output is concerned. This
makes it possible to take the output from a
pickup loop placed inside anyone of the
cavities. Since the outer conductor of the
output coaxial line or waveguide is connected
to the shell of the magnetron, which is a part
of the plate structure, for the sake of safety,
there cannot be a high, positive DC voltage
applied to the plate. Instead, a negative
voltage is applied to the cathode to
accomplish conduction. The magnets, made
of a special alloy called Alnico, are very
strong.

1-36. Magnetron Operation. The theory of
operation of the magnetron is based on
motion of electrons in combined electric and
magnetic fields. The following laws govern
this motion.

1-37. Electric field. The law governing the
motion of an electron in an electric field
states that the force exerted by an electric
field on an electron is proportional to the
strength of the field, and the direction of the
force is opposite to that of the field. In other
words, electrons tend to move from the low
potential toward the high potential.

1-38. Magnetic field. The law of motion of
an electron in a magnetic field states that the
force exerted on an electron moving in a
magnetic field is at right angles to both the
field and the path of the electron. As shown
in figure 9, the direction of the force (Fm) is
such that the electron travels clockwise (line
V) when viewed in the direction of the
magnetic field. In figure 9, the direction of
the magnetic field is into the page. A
stationary electron in a magnetic field is not
affected by the field.

V=3Vs

30250-1-3-23
V=-V s

-.
Figure 10. Cycloids generated by points on radius of a wheel.
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1-39. Mutually perpendicular electric and
magnetic fields. The path that an electron
takes when traveling perpendicular to a
magnetic field depends upon the initial
velocity of the electron. Generally, however,
the paths of electrons in a plane perpendicular
to the magnetic fields are cycloids (curves
generated by points on a radius of a wheel
rolling on a smooth plane). Different paths
are generated by different points along the
radius of the wheel. A point on the
circumference generates a typical cycloid, as
shown by point c in figure 10. Points lying
beyond the radius (d) generate cycloids also,
but these are closed loops.

1-40. All paths generated by the points on
the radius of the rolling wheel, shown in
figure 10, may also be generated by electrons
traveling at different velocities in a plane at
right angles to a uniform magnetic field that is'
perpendicular to a uniform electric field. You
can understand this if you assume that the
uniform magnetic field is directed inward
perpendicular to the page in figure 10 and
that the electric field is directed downward
from the top to the bottom of figure 10. If an
electron is projected horizontally from left to
right, there are two forces acting on it--a
magnetic force downward and an electric
force upward. If these forces are equal, the
path of the electron is a straight line as shown
by electron (point) "a" traveling at velocity
v..

1-41. If the forces are unequal, the
electron path is a cycloid. All electrons
traveling with velocities between zero and Vs
take a path similar to that of electron (point)
"b." The qualitative explanation of how this
path is generated follows: Because the initial
velocity Of the electron is less than Vs, there
is a smaller magnetic force acting on it.
Hence, the electron curves upward at first.
But as it moves, it gains kinetic energy from
the electric field with a resultant increase in
velocity. The magnetic force thus increases
and after a time the electron path is bent
downward (from point b') where the electron
begins to lose velocity, and finally returns to
its original state.

1-42. Curve "c" shows the path which an
electron takes when it starts with a zero
velocity. At the start, the magnetic field
exerts no force on the electron, since no
magnetic lines of force are being cut. The
electric field, however, moves the electron
directly upward to a point where the
magnetic field acts on it and deflects the
electron to the right. As the electron moves
upward, it gains velocity, the magnetic force
increases, and eventually becomes large

enough to bend the trajectory back until the
velocity of the electron again becomes zero
and has the same potential in the electric field
as that at which it started.

1-43. Finally, an electron traveling from
right to left (mathematically, a negative
velocity) is at first pushed upward by the
magnetic and electric fields as you can see in
curve "d." Its initial radius of curvature is
small; however, it soon goes straight upward,
gaining velocity rapidly. As the magnetic
force increases steadily, the electron is pushed
to the right and finally downward. The path is
bent back and the electron finally returns to
its initial condition.

1-44. The time for each cycle and the
horizontal distance covered by each electron
in one cycle is the same for each of the cases
given. All the paths are cycloids. Electron
(point) "a" corresponds to the center of a
wheel rolling on a smooth plane. Electron
(point) "b" corresponds to a point on the
radius, electron (point) "c" to a point on the
circumference, and electron (point) "d" to a
point outside the wheel.

1-45. Source of Magnetron Energy. In an
electric field only, a free electron always
moves parallel to the field and gains a large
amount of kinetic energy. The electron in
combined electric and magnetic fields moves,
on the average, at right angles to the field and
does not change its average kinetic energy.
The magnetic field always exerts a force that
tends to change the direction of motion of
the electron.

1-46. In a magnetron oscillator, there are
two components of the electric field--a
component furnished by the DC source and
an alternating component furnished by the
oscillations of the tank circuit (cavities). In a
properly designed magnetron, the electrons
absorb energy from the DC component of the
field and deliver it to the alternating
component. The function of the magnetic
field is, in many respects, the same as that of
positive feedback to the grid of the triode
oscillator.

1-47. Multianode Magnetron. Since the
theory of the cylindrical multianode
magnetron is more difficult to understand
than that of the plane-form, the plane-form is
discussed first. The ideas presented for the
plane-form may be carried over in the
discussion of the more practical cylindrical
multianode magnetron.

1-48. Plane-form. To understand the
operation of the plane-form magnetron, we
shall consider a magnetron oscillator which is
composed of a continuous plane cathode and
a segmented anode, the alternate sections of
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Figure 11. AC fields in plane magnetron.

which are connected to the opposite side of
its tank circuit. In figure 11, note that the
alternating electric field is sketched in the
space between the cathode and anode at the
instant when the alternate anode segments are
at their maximum positive and negative
values.

1-49. Let us see which electrons tend to
sustain oscillations, which ones absorb energy,
and what paths they take. Consider a uniform
electric field that is directed as shown to the
left of region (1) in figure 11. The direction
of the resultant field is obtained by adding
the AC and DC fields at region (1) vectorially.
(The DC field, which is not shown, is directed
downward.) The approximate direction of the
resultant electric field El and the path of an
electron are shown in diagram (a) of figure
12. The electron travels in cycloidal paths.
Since the general progression of these cycloids
is always at right angles to the resultant
electric field, the electrons progress upward
and to the right with the magnetic field
directed into the page. On the other hand, an
electron in a uniform electric field in region

E 1

[b ]

IN REGIONS
111 AND 131

IN REGIONS
(2) AND (41

30250-1-3-25

Figure 12. Possible electron paths in a plane
magnetron.

E2

(2) of the magnetron progresses downward
and to the right as shown in diagram (b). The
direction of the resultant electric field E2 is
also indicated.

1-50. Since the electron of diagram (a) in
figure 12 moves, on the average, from cathode
to anode, it absorbs energy from the steady
DC field. This electron, however, delivers
energy to the alternating field since it moves
to the right in a direction that opposes the
field of the tank circuit. Since the average
velocity of the electron does not change as it
progresses toward the anode, this electron
converts energy from the DC source into
energy to produce oscillations in the tank
circuit. By the same reasoning, the electron in
diagram (b), which moves downward and to
the right, absorbs energy from the alternating
field and transfers it to the steady DC field.

1-51. To sustain oscillations, the electrons
that follow the path shown in diagram (a)
must continue their travel, while the other
electrons-the ones which absorb
energy-must be removed from the field
quickly. An electron of the type shown in
diagram (b), starting from the cathode with a
small or zero velocity, strikes the cathode
before completing its first loop. If the fields
shown in regions (1) and (2) are constant, the
electron of diagram (a) tends to turn
downward as it approaches region (2). Since
the fields are alternating, the electron of
diagram (a) encounters exactly the same kind
of field in region (2) that it encounters in
region (1) if the left-to-right velocity of the
electron is such that it arrives in region (2) in
exactly one half-cycle. If this electron
continues to progress a distance, Y, from left
to right during each half-cycle, it will go all
the way to the anode with the electron
following a cycloidal path similar to that in
diagram (a). This condition is necessary for
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Figure 13. Six-anode magnetron and equivalent
circuit.
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oscillation since the electron of diagram (a)
contributes energy to the tank circuit for a
much longer time than the electron of
diagram (b) takes energy away from the tank
circuit. The plane magnetron is a transit-time
oscillator, for an electron is allowed a certain
definite time to travel from cathode to anode.

1-52. Cylindrical form. The cylindrical
magnetron is similar to the plane magnetron
rolled up into a cylinder. The number of
segments (anodes) used in it varies widely. As
many as 32 have been tried on certain
occasions. For simplicity, this discussion
considers a magnetron 'with only six segments.
Diagram A of figure 13 shows the circuit of a
six-anode magnetron and the approximate AC
field between the segments. The equivalent
AC circuit, shown in diagram B of figure 13,
uses an electron generator to represent the
electrons between anode segments.

1-53. As mentioned previously, the exact
theory involved in the cylindrical magnetron
is more complicated than that used for
explaining the plane magnetron. For this
reason, the discussion does not go into this
theory. However, you should have a basic
understanding of the performance of the
cylindrical magnetron. Assume that the DC
field is uniform and that its magnitude is

Eb
b-a

+
where E, is the DC supply voltage, b the
anode radius, and a the cathode radius in
centimeters. Since the AC field is much
narrower near the cathode than near the
anode, as shown in diagram A in figure 13,
the linear distance (the distance which the
electron must progress around the cathode
per anode segment) is less near the cathode
than near the anode. To apply the theory of
the plane magnetron to the cylindrical
magnetron, you must choose an effective or
average value of Y. This value is
approximately one-sixth of the circumference
of the circle halfway between the cathode and
anode.

1-54. Figure 14 shows the paths of
electrons in a cavity magnetron in cylindrical
form. The working electron that is emitted at
the right time and in the proper region to take
energy from the DC field and to transfer this
energy to the AC field makes a number of
cycloids as it travels from the cathode to an
anode segment. The harmful electron is
emitted at a time when it takes energy from
the AC field; however, it strikes the cathode
and is eliminated quickly. If the magnetic
field, the DC potential, and the resonant
cavities are properly designed, a cavity
magnetron converts from 40 to 60 percent of
the applied DC power to AC power.

1-55. Magnetron Modes of Oscillation.
There is usually considerable coupling
between inductances that are close together.
In actual magnetrons that employ cavities as
resonant circuits, there is no coupling
between adjacent cavities-that is, coupling in
a manner characteristic of lumped circuit
constants. On the other hand, there can be
coupling resulting from radiation of energy
from one cavity to another. When two circuits
(tuned to the same frequency) are closely
coupled, they resonate, not at that frequency,
but at two different frequencies. These six

PATH OF

HARM~~~HE~/CTRON _ .RKING ELECTRON

---- .--.."-"'<,"',,:.,.:...,•...,....:•...,!...::...:,..,:1illJ

1>~~
30250-1-3-27

Figure 14. Paths of electrons in cylindrical cavity
magnetron.
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