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and the inverted refiection from the other bend
will cancel and leave the fields as though no
reflection had occurred.

To permit using any special bend which an
installation might require, sections of a wave-
guide are often made flexible. These sections
can be bent or twisted in any desired direction.
They consist of a spiral wound ribbon of brass.
In cross section the winding is exactly the same
size as a waveguide. The entire assembly is like
a spiral spring in that it can be bent or twisted
into any desired shape. As skin effect keeps the
current at the inner surface of the waveguide,
the inside surfaces of the flexible section are
chromium plated. 'I'his provides for maximum
current conductivity. The outside of the section
is covered with rubber. This gives the section
flexibility and at the same time makes it both
air- and watertight.

Twisted Section of Waveguide Rotates
the Field with Minimum Reflections

Rotating the Field
Sometimes it is desired to rotate the electro-

magnetic fields so that they are LTl the proper
direction for matching. This may be accom-
plished by twisting the waveguide as shown
above. The twist should be gradual and extend
over two wavelengths or more to prevent ex-
cessive reflections. Flexible sections also are used
to rotate fields.

Joints

Since it is impossible to mold an entire wave-
guide system in a radar set into one piece, it is
necessary to construct it in sections and then to
connect the sections together by joints. There are
three main types of joints: These are the per-
manent, the semi-permanent, and the rotating
joints.

On the surface it would appear that joining
two waveguide sections together would only
require that the sections be the same size and
fit tightly at the joint. However, irregularities
at the joints set up standing waves and allow
energy to escape. One kind of joint which affords
a good connection between the parts of a wave-
guide and which has very little effect on the
fields is the permanent type. This joint is made
at the factory. Wilen it is used, the waveguide
sections are machined within a few thousandths
of an inch and then welded together. The re-
sult is a hermetically sealed and mirror smooth
joint.

Where it is necessary that sections be taken
apart for normal maintenance and repair, it is
impractical to use a permanent joint. To permit
portions of the waveguide to be taken apart,
they are commonly connected together with
semi-permanent joints. The most common type
of semi-permanent joint is the choke joint. A
cross-sectional view of a choke joint is shown in
the illustration below at A. It consists of two
flanges which are connected to the waveguide at
the center. The right-hand fiange is fiat, and the
one at the left is slotted a quarter wave deep at a
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Choke Joinfs Keeps RF Fields Inside Waveguide
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CHOKE JOINT

Rotating Joint and TMol Mode in Circular Waveguide

ROTATING JOINT

distance a quarter wave from the point where the
walls of the guide are joined, The quarter wave
slot is shorted at the end. The two quarter waves
together become a half wave and reflect a short
circuit at the place where the walls are joined
together. Electrically, this creates a short circuit
at the junction of the two waveguides. The two
sections actually can be separated as much as a
tenth of a wavelength without excessive loss
of energy at the joint. This separation allows
room to seal the interior of the waveguide with a
rubber gasket for pressurization. The quarter
wave distance from the walls to the slot is modi-
fied slightly to compensate for the slight react-
ance introduced by the short space and the
open circuit from the slot to the periphery of
the flange.

A

DISTANCE X TO Y IS '/2

X REflECTS SHORT AT Y

B

CHOKE FlANGE

The name choke joint is said to come from the
similarity between the action of this joint on
RF fields and the action of an RF choke in a
power supply lead. An RF choke keeps RF in
the circuit where it belongs. Similarly, the choke
joint keeps the electromagnetic fields in the wave-
guide where they belong. The loss introduced by
the well designed choke is less than .03 db,
while an unsoldered permanent joint, well ma-
chined, has a loss of .05 db or more.

Rotating joints are usually required in an
airborne radar system where the transmitter is
stationary and the antenna is rotatable. A simple
method for rotating part of a waveguide system
is by using a mode of operation that is symmet-
rical about the axis as shown above. This require-
ment is met by using a circular waveguide and

.>
WAVEGUIDE SUPPORTS fOR INNER CONDUCTOR

Rotating Joint with Rectangular Waveguide
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T-Junctions

a mode such at TMu,l. In this method a choke
joint may be used to separate the sections
mechanically and to join them electrically.
With this method the waveguide rotates but
not the field. The continuous field produced
by the :fixed field minimizes reflections. Al-
though this method is satisfactory, current air-
borne equipment uses rectangular waveguides.
This requires a different system for connecting
the sections of the waveguide. For mechanical
reasons the rotating joint must be circular and
involves the use of a coaxial cable as shown at
the bottom of page 10-19. This cable provides
axial symmetry of the fields and the circular

cross-section for rotation. In the rotating joint,
a probe forms the end of the center conductor
of the coaxial cable. The probe takes energy
from one waveguide. Then it is conducted
through the coaxial cable and delivered through
another probe to the other waveguide. The
probe in the other waveguile is the other end
of the center conductor. The center conductor
remains stationary with respect to one
waveguide and rotates 'with respect to the other.
To make the rotating electrical connection, the
outer conductor can either be fitted with sliding
contacts or with the tubing by a half wave slot.
The slot which is shorted at the end reflects a
short at the junction of the two outer conductors.
In this method, no mechanical contact is re-
quired between the two sections of the outer
conductor. The inner conductor of the coaxial
cable is supported by insulating washers.

T-Junctions

Sometimes it is desirable to connect a section
of waveguide into the side of another wave-
guide. This type of connection forms a T-junc-
tion. It may be connected either in the narrow
side as shown at A or in the wide side of the wave-
guide, as shown in diagram D. Wilen the T-
junction is in the plane of an h-field of a TEo'l
mode, it is called an H-type junction, and when
the junction is in the plane of the e-Iines, it is call-
ed an E-type junction.

The H-type junction effectively is a parallel
connection with the main line. For example,when
the end of the T-joint shown at B to the left
is short circuited at a distance of a half wave
from the center of the waveguide, the result
is the equivalent parallel circuit shown at C.
Note that C shows a half-wave section which
is connected to a wire line. This section will
reflect a short circuit at the line and will not
allow any energy to pass. Similarly, in the wave-
guide itself a short circuit is reflected to the cen-
ter, where the e-lines are supposed to be. Since
an e-line cannot exist at a short circuit, no
energy will pass that point. If the shorted
end of the T-section were only a quarter wave
from the center of the waveguide, an open
section would be reflected there and the pass-
age of energy would be unaffected.

The E-type joint effectively is a series connec-
tion with one side of the main line, as you can
see at E. Its two-wire counterpart is shown at F
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In this case, if the section added to the waveguide
is a half wave long, it will act as a short at the
junction but will allow the energy to pass. The
length of the added section will have to be .a
quarter wave in order to open the circuit at the
junction and stop the ordinary flow of energy
past it.

One important use of the T-joint is with the
automatic Receive-Transmit switch (also called
the R/T Box). In the partial Transmit-Receive
system illustrated above an H-type T-junction is
connected in the main waveguide. A spark gap
is located one quarter wave from the center of
the main guide. The junction is shorted at the
distance of a half wave from the center of the
main waveguide. When the powerful transmitter
is turned on, a spark jumps the spark gap. This
causes the waveguide branch to short at that
point and is inverted to an open circuit at
the center. Therefore, transmitted energy can
pass unhindered.

Energy received from the radar echo enters
in the waveguide from the other end after the
transmitter is turned off. This energy is not
great enough to cause a spark to jump across
the spark gap. This time the shorted end of the
branch reflects a short at the center of the wave-
guide and reflects the received energy back to
another T-junction, which is located at the input
to the receiver. Thus no energy is absorbed by
the inoperative transmitter. There is a similar

TO ANTENNA

TRANSMJITER ENERGY GOES TO ANTEN.NA

t

TRANSMmER ON

SHORT CIRCUIT REFLECTS

SPARK GAP OFF.

SHORTED END REFLECTS SHORT

1)'2 A WA Y (AT DOTTED LINE)

ENERGY FORCED INTO RECEIVER
JUNCTION.

TRANSMITTER OFF

T-Juncfion as Transmit-Receive Switch

arrangement called a T/R Box placed in the
waveguide leading to the receiver. It offers high
impedance to the transmitted pulse but low im-
pedance to the received echo.

In practice the actual length of the sections in
T-junctions is not an exact quarter or a half
wave length because the e-fields and h-fields
are not perfect around the T-junction. A dis-
tortion around the fringe called fringe effect
requires some yariations from exact wave-
lengths.

Matching Devices

Some deviceswhich are used in radar introduce
inductance or capacitance. Sometimes these
reactances are deliberately introduced. Other
times when they are present and not desired,
then can be tuned out with small fins or plates
in a waveguide.
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Reactive Plates in Waveguide

The illustration above shows a number of reac-
tive plates which are deliberately used to intro-
duce capacity or inductance in a waveguide.
When these plates are employed as shown at A
above they set up oscillations in the higher
modes. Since a waveguide is too small for higher
modes at the same frequency, these frequencies
are not propagated, but remain in the vicinity
of the plates. If the edges of the plates are
vertical with respect to the plane of the h-field
the modes produced are the TM type. The
effect of this on power flow is that of induc-
tance across the two-wire line. This causes
reflections and a shift in the standing wave pat-
tern. The wider the space between the plates, the
greater the inductive reactance.

When the partitions are arranged perpendicu-
larly to the e-field as in B above, a local e-field
and the higher modes of oscillation are set up
between the edges of the plates. These oscilla-
tions cannot be propagated but do change the
dominant mode to a TE mode and introduce
capacitive reactance. As with the TM mode,
the wider the opening, the greater the reactance.

From these facts it would seemthat by combin-
ing both types of plates and leaving a small open-
ing in a large guide as in C would produce a
resonant circuit. This is approximately true, pro-
viding the dimensions are correct. At resonance a
resonant circuit acts like high resistance. In this
condition, a small opening would introduce a
high shunt resistance and the guide would
in effect have connected across it a resonant

circuit, since at resonance a resonant circuit acts
like a high resistance.

Terminating a Waveguide

Since a waveguide is a single conductor, it is
not as easy to define its characteristic impedance
(Zo) as it is for a coaxial line. Nevertheless, you
can think of the characteristic impedance of a
waveguide as being approximately equal to the
ratio of the strength of the electric field to the
strength of the magnetic field for energy travel-
ing in one direction. This ratio is equivalent to
the voltage to currerr ratio in coaxial lines on
which there a.reno standing waves.

The lowest characteristic :impedance of a
circular waveguide is about 350 ohms. In a rec-
tangular waveguide, it may be any value, de-
pending on the dimensions of the waveguide and
the frequency of the electrical energy. In this
guide, it is directly proportional to the narrow
dimer -ion when the other dimension and the
frequency are fixed and may vary from approxi-
mately zero to 465 ohms.

On a waveguide there is no place to connect
a fixedresistor to terminate it in its characteristic
impedance as there is on a coaxial cable. How-
ever, there are a number of special arrangements
which accomplish the same thing. One consists
of filling the end of the waveguide with gra-
phited-sand as shown at A at top of page 10-23.
As the fields enter the sand, currents flow
in it. These currents create heat, which is
instrumental in dissipating energy. None of
the energy thus dissipated as heat is reflected
back into the guide. Another arrangement B
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uses a high resistance rod, which is placed at the
center of the e-field. The e-field (voltage) causes
current to flow through the rod. The high resis-
tance of the rod dissipates the energy as an FR
loss. Still another method for terminating a
waveguide is to use a wedge of high resistance
material C. The plane of the wedge is placed
perpendicular to the magnetic lines of force.
When the h-lines cut the wedge, a voltage is in-
duced in it. The current produced by the in-
duced voltage on flowing through the high resis-
tance of the wedge produces an 12R loss. This loss
is dissipated in the form of heat. This permits
very little energy to reach the closed end to be re-
flected.

Each of the preceding terminations is de-
signed to match the impedance of the guide in
order to insure a minimum of reflection. On the
other hand, there are many instances where it is
desirable for all the energy to be reflected from
the end of the waveguide. The best way to ac-
complish this is to permanently weld a metal
plate at the end of the waveguide as shown at
A to the right.

When it is necessary that the end be re-
movable, a removable end plate is attached to
the end of the guide. For this method to be
satisfactory, the contact between the guide and
the end plate must be exceptionally good in
order that the h-field will not be attenuated
when current flows. Perfect contact is not re-
quired when the connection is made at a point
of minimum current. This point is located at
a quarter wave from the end. When connection
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is made at this point, a cup is used instead of the
end plate B. This cup is a quarter wave long and
large enough to fit over the end of the guide. The
voltage between opposite sides of the cup open-
ing is high, but as the reflected h-field cancels
the incident h-field, the resulting current is very
small and reflection is at a minimum.

When the end must be adjustable, the contact
must be nearly perfect. However, it is impossible
to get a perfect contact. The best arrangement,
one which is similar to the choke joint previously
explained, consists principally of an adjustable
plunger which fits into the guide as shown at C.
The walls of the waveguide and the plun-
ger form a half-wave channel. The half-wave
channel is closed at the end and reflects a
short circuit across the other end, where a
perfect connection is supposed to exist between
the wall and the plunger. The actual physical
contact is made at a quarter wave distance
from the short circuit, where the current is
minimum due to the standing waves. This
makes it possible for the plunger to slide
loosely in the guide at a point where the con-
tact resistance to current flow is very low.

CONTACT IS AT POINT
OF MINIMUM CURRENT

B REMOVABLE SHORT

VIRTUAL SHORT HERE"-i/)fM?UAu;MAf/U@2 W?mf!!)/fi.

HALF WAVE
CHANNEL

C ADJUSTABLE PLUNGER

Terminafion for Maximum Reflection
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CA YITY RESONATORS

In ordinary radio work the conventional low
frequency resonant circuit consists of a coil and
condenser which are connected either in series
or in parallel as shown above at A. To in-
crease the resonant frequency, it is neces-
sary to decrease either the capacity or the
inductance or both. However, a frequency is
reached where the inductance is a half turn coil
and where the capacity consists only of the stray
capacity in the coil. At extremely high frequen-
cies this resonant circuit would consist of a coil
about an inch long and a quarter inch across.

In this circuit the current handling capacity
and breakdown voltage for the spacing would
be low.

The current carrying ability of a resonant
circuit may be increased by adding half turn
loops in parallel. This does not change the reso-
nant frequency appreciably because it adds

capacity in parallel-which lowers the frequency,
and inductance in parallel-which increases the
frequency. As the effects of each cancel, the fre-
quency remains about the same.

In the diagram at C several half turn loops
are added in parallel. In D are shown in parallel
several quarter wave Lecher Lines, which
you recall are resonant when they are near
a quarter wavelength. When more and more
loops are added in parallel, the assembly even-
tually becomes a closed resonant box as shown
at E which is a quarter wave in radius or,
in other words, a half wave in diameter. This
box is called a resonant cavity.

A resonant cavity displays the same resonant
characteristics as a tuned circuit composed of a
coil and condenser. In it there are a large number
of current paths. This means that the resistance
of the box to current flowis very low and that the
Q of the resonant circuit is very high. While it
is difficult to attain a Q of several hundred in
a coil of wire, it is fairly easy to construct a
resonant cavity with a Q of many thousand.
Although a cavity is as efficient at low frequen-
cies as at high frequencies, the large size required
at low frequencies prohibits its use at those
frequencies. For example, at one megacycle a
resonant cavity would be a cylinder about 500
feet in diameter. When the frequency is in the
vicinity of 10,000 megacycles, the diameter of
the cavity is only 0.6 inch. This makes the
cavity smaller than a conventional tuned cir-
cuit. Therefore, equipment which operates at a
frequency of 3000 me or above usually employs
resonant cavities as resonant circuits.
The Fields in a Cavity

A resonant cavity may be compared to a
waveguide, since its operation is best described
in terms of the fields rather than in terms of the
currents and voltages present. As in wave-
guides, the different field configurations in cavi-
ties are called modes. In the next illustra-
tion showing the dominant mode of the cylin-
drical cavity, note that in A the voltage is repre-
sented bye-lines between the top and the bot-
tom of the cavity. The current, due to skin effect,
flows in a thin layer on the surface of the cavity.
The strength of the current is indicated by grad-
uated arrows. The magnetic field is strong where
the current is high. The strongest h-field is at
the vertical walls of the cylinder and diminishes
toward the center where the current is zero.
This is due to the standing waves on the quarter
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wave section. The e-field is maximum at the
center and decreases to zero at the edge, where
the vertical wall is a short circuit to the voltage.
The curve of e-field and h-field density are
shown above at B, C and D show two types of
cavities with their fields represented.

The modes in a cavity are identified by the
same numbering system that is used with wave-
guides, except that a third subscript is used to
indicate the number of patterns of the transverse
field along the axis of the cavity (perpendicular
to the transverse field). For example, the cylin-
drival cavity shown at C is a form of circular
waveguide. The axis is the center of the circle.
The transverse field is the magnetic field. There-
fore, it is marked TM. Around the circumference
there is a constant magnetic field. (The h-lines
are parallel to the circumference.) Therefore,
the first subscript is zero. The distance across
the diameter is one half wave. Thus the second
subscript is one. Through the center along the
axis the h-field strength is a constant zero. This
makes the third subscript zero. Therefore, the
complete description of the mode is TMo>1,o.

When a section of waveguide which is one-half
wave long is closed on both ends in the form of
a rectangular cavity, as shown at D, standing
waves are set up and resonance occurs. The
simple mode in this cavity is the same as the
dominant mode of a rectangular waveguide,
that is, it is TEo,l. The third subscript of the
mode, which is determined by the plane of the
e-field, is 1. Thus the complete description of
the simple mode in the rectangular cavity at
D is TEo,bl.

Cavities may have various physical shapes,
for any chamber enclosed in conducting walls
resonates at several frequencies and produces
a number of modes. Note the illustration on the
next page showing examples of several types of
cavities. The Q of each cavity is indicated. Of
those shown the cylinder type cavity is useful in
wavemeters or in frequency measuring devices.
The cylindrical ring type is used in super high
frequency oscillators as the frequency deter-
mining element. The section of waveguide which
is shown diagrammatically is used in some radar
systems as a mixing chamber for combining sig-
nals from two sources.
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Several Types of Cavities

Exciting the Cavity

There are three principal ways in which energy
can be inserted into and removed from a cavity
resonator. The :first is by inserting a probe into
the cavity. The current which flowsin the probe
sets up e-lines parallel to it, and they in turn
start oscillation, Another method uses a mag-
netic loop. The loop is placed in the region where
the magnetic :fieldwill be located. The currents
in the loop start an h-field in the cavity. Either
of these methods can 'be used either to remove
energy from or to put energy into the cavity.
A third method uses a cylindrical ring type cavi-

. ty, In this method the energy is placed into the

B

lOOP COUPLING TM c. r.c, MODE

cavity by clouds of electrons, which are virtually
shot through the holes in the center of a per-
forated plate. As each cloud goes through, it
creates a disturbance in the space inside the
cavity until a :fieldis set up. In terms of cur-
rent, it may be said that the approaching cloud
of electrons makes the perforated plate positive
by repelling the electrons away from it. This
current starts an h-field. Energy may be re-
moved from the cavity by placing a loop at the
outside edge.

Other methods of feeding the cavity are dis-
cussed later in the analysis of systems using
cavities.

aECTRONS SHOT THROUGH
HOLES

A
PROBE COUPLING
TM 0.1,0, MODE

••

C
CYliNDRICAL RING

Methods of Exciting the Cavity
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Method of Changing the Frequency of a Cavity

Varying the Resonant Frequency of the Cavity
Three methods for setting the resonant fre-

quency in a cavity are shown above. One method
uses a cylindrical cavity with an adjustable disc.
When a TEo,l,l mode is used, the size of the
cylinder may be changed along the axis to change
the resonant frequency. The smaller the volume
of the cavity, the higher the resonant frequency.
The movement of the disc may be calibrated in
terms of frequency. Usually in the case of high
frequency equipment a micrometer scale is used
to indicate the position of the disc, and a calibra-
tion chart is used to determine the frequency.

A second method for varying the frequency
employs threaded plugs which are inserted in
the cavity. The plug reduces the strength of
the magnetic field in the cavity in a manner
similar to reducing the inductance of the tuned
circuit. The deeper the plug extends into the
cavity, the higher the frequency.

In a third method, the interior of the cavity,
which is part of the interior of a vacuum tube,
is sealed and evacuated. In this method a fre-
quency change occurs whenever the top and
bottom of the cavity are moved away from (or
toward) each other. This is accomplished by
turning a screw at the end of a lever. As the
screw is turned, the two pieces of metal to which
the lever is attached are either pulled together
or allowed to spring apart. This moves the top
of the cavity up and down with respect to the
bottom. As the distance varies, the volume and
the capacity between the top and bottom of the
cavity are changed. As the change in capacity is

the chief result of the change in the distance
between the plates, the resonant frequency is
inversely proportional to the distance from
the top to the bottom.

Another way of changing the frequency is by
changing the method of exciting the circuit. This
can be done by-tuning the exciting loop either
capacitively or inductively. This can occur
either accidentially due to improperly tuned
circuits or deliberately as a means of tuning the
cavity.
Uses of Cavities

There are many ways in which resonant cavi-
ties are used in radar. One important use is as a
tuned circuit in 10,000 me oscillator circuits.
For example, the klystron shown at A on page
10-28 which is usually the local oscillator in a
radar receiver, is tuned by the resonant cavity
at C. In the klystron, the cathode emits elec-
trons which pass through the grids toward
the plate. When they pass through this area,
they disturb the field and excite the cavity.
The resonant frequency is changed by the spac-
ing of the grids. Another use of resonant cavi-
ties is the series of cavities arranged around a
circle in the magnetron oscillator as shown at B.
These cavities, which are coupled one to another
through capacity at the openings, are excited
by moving electrons. The energy from the elec-
trons is passed around the ring from all cavities
to the one with a loop. This one serves to trans-
fer the energy to the waveguide. From the
waveguide, the energy goes to the antenna where
it is radiated into space.
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Uses of Cavities

Since the frequency of the transmitter is :fixed,
there are no frequency adjusting devices on a
waveguide. However, the different speeds at
which the electrons travel and the variable im-
pedances in the waveguide cause either a change
in frequency, or oscillations in a mode which
differs from the one intended.

Cavities also may be used as wavemeters,
devices for measuring frequency. One type of
wavemeter consists of a cylindrical cavity with
an adjustable disc. Another type operates essen-
tially like the first one but employs a coaxial
cavity and operates in a different mode as
shown at C to the left. In the second type, the
signal is introduced into the cavity by a loop
which is located in one end of the cavity.
The signal is strongest when the loop is at
a high current point in the standing wave. The
standing wave of current is maximum at odd
multiples of quarter wave distances from the
open end of the guide. When the length of
the threaded center conductor is varied by the
crank, the distance from the open end to the
loop can be made equal to an odd multiple of
quarter wave. This causes the current maximum
to occur at the loop and this in turn causes the
input impedance at the loop to be zero. When
the distance from the open end of the guide to
the short (closed end) is a quarter wave or any
odd multiple of a quarter wave, the current
introduced into the guide will be at the location
of parallel resonance.

The threaded shaft shown in the illustration
at C can be calibrated either in wavelength or in
frequency. The input impedance can be indidated
by any suitable indicator, such as a crystal rec-
tifier and a DC milliammeter. In operation, when
the input impedance is zero, the signal is shorted
out. In this case, the meter will read zero. To
check the frequency for a zero impedance read-
ing, turn the crank until a dip occurs on the meter
and read the frequency on the threaded shaft.

A cavity can be used as a mixing chamber.
When two or more signals are put into a cavity,
it is possible to remove the combination of their
signal voltages. An example of this use is dis-
cussed later in this chapter.

Another use of a cavity is as an impedance
matching device such as shown by the illustra-
tion of a small waveguide connected to a large
waveguide on the next page. Normally, when you
connect the two waveguides together, there will
be reflections in the waveguides. However, a
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small section of waveguide or an intermediate
size can be matched without reflections, provided
that plates are used at the junction to cancel the
reactive effects which result from the different
sizes of the waveguides. Thus, although the
cavity itself has standing waves in it, there are
none on either waveguide.

SMAll
WAVEGUIDE

IMPEDANCE
MATCHING

CAVITY
LARGE

WAVEGUIDE

Cavity used for Matching an Impedance
Device to One of Different Impedance

Another use of a cavity is as a ringing circuit
in a resonant circuit. The ringing circuit gets its
name from the fact that it oscillates for many
cycles after being started by an external circuit.
In this use the cavity is resonant and after started
oscillating will continue for a few microseconds
after the source of voltage has been removed.

This action is analogous to a bell which will ring
for many seconds after being struck. In the 3cm
(10,000 me) ringing circuit shown above, the
cavity itself is a cylinder which is three inches in
diameter and 10 inches long. A movable piston in
the cylinder determines the volume of the cavity.
As the position of the piston is calibrated in
megacycles, it serves as a frequency meter. The
cavity is energized by a signal which enters
through a small aperture from the small wave-
guide. The energy is put into the short waveguide
by a probe, which in turn is fed by a coaxial
cable. A good method to put the signal into the
coaxial cable is to connect a small antenna to
the end of the cable.

The resonant cavity shown above is used as
an echo box as shown on page 10-30. Echo boxes
are resonant cavities which have a very high Q.
They are used with microwave radar sets to pro-
vide an artificial or "phantom" target, which
may be used to tune the receiver to the trans-
mitter when no real targets are available.

This is how the echo box works. When the
radar transmitter is turned on, energy is fed into
the echo box cavity. There it sets up violent
oscillations, and the cavity itself acts like a
transmitter for a period of 20 microseconds after
the pulse generated by the radar transmitter
ends. (When you view the oscillations on an os-
cilloscope, their waveshapes appear as shown in
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the illustration below.) The energy which the
echo box radiates is picked up by the small pick-
up antenna located in front of the radar antenna
assembly and fed into the radar receiver. The
receiver displays it on the indicator screen. Since
this signal simulates a radar echo, the cavity
which transmitted it is appropriately called an
echo box. It is thus a means of supplying a signal
for tuning the receiver when there is no real tar-
get available.

TX PU~E ~~~~~.---'I~~~~~;-------
I '
I BUILDUP i- DECAY TIME--1
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I I :

IECHO BOX VOLTAGE

Oscillations in Echo Box

A COMPLETE WAVEGUIDE RF SYSTEM
In a complete waveguide RF system the signal

source is the magnetron oscillator. The antenna
which transmits the output of the magnetron
is located as closely as possible to the radar
transmitter. A principal requirement in an effi-
cient radar system is that energy must be trans-

ferred from the transmitter to the antenna with
minimum losses, for any losses that occur will
shorten the maximum range and thereby de-
crease the efficiency of the entire radar set.
Since the transmitting antenna is pointed at the
target at the time the transmitter pulse leaves,
and since it is conveniently located, it is prefer-
able to use it as the receiving antenna, too.
Similarly, it is possible to use the same wave-
guide system for transferring the received energy
to the radar receiver.

When the same elements are used for both
transmitting and receiving, it is necessary to use
a high speed automatic switch to prevent the
powerful transmitter pulse from going into the
receiver circuit and causing serious damage.
The T jR and RjT Boxes discussed earlier per-
form this function in many radar sets.

The highly directional antenna is made rotat-
able in order to cover all areas. To make rota-
tion possible, signals are coupled to the antenna
through vertical and horizontal rotating joints.

Since airborne equipment is flown at high alti-
tudes, temperature changes will cause moisture
condensation inside the waveguide. As water
causes extremely high losses, the interior of the
waveguide must be maintained at a higher pres-
sure than the outside to drive the moisture out
and keep it out. Furthermore, all joints have to
be airtight to maintain this pressure.

The illustration shows on the next page a
waveguide system which uses the components
just discussed. The source of the RF energy is the
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magnetron tube which is shown at the right in
the lower part of the illustration. A probe
couples it to the waveguide, which operates in
the TEo'2 mode. A very short section of wave-
guide is fixed permanently to the magnetron
output. When the magnetron is installed, its
waveguide section is connected to the end
of the main waveguide. In operating condi-
tions the transmitter energy travels down
the main waveguide where it enters a section
which has two T-junctions-one called the RjT
box, and the other the T jR box and mixing cham-
bet. In each T-junction, there is a spark gap at a
distance of a quarter wave from the center of the
main guide. Both these gaps arc-over when the

. transmitter is on. Thus, no energy goes by either
spark gap tube into the T-junction waveguides.
The energy flow is continuous down the main
guide to the antenna. Each section is connected
to the next with a choke joint. In going to the
antenna the signal passes through a special sec-
tion which contains a pair of probes. Each probe
is a quarter wave from the other. Test equipment
can be inserted at each probe to measure the
signal strength at the probe. The ratio of the
two signal strengths is the standing wave ratio.
In going through the stationary transmitter
unit to the moving antenna, the signal goes
through a flexible section of waveguide which
insulates the transmitter unit from the me-
chanical vibration of the antenna.

The antenna is designed to rotate horizontally
and to tilt vertically. Thus, the signal is trans-
ferred to a rotating coaxial joint twice before
being radiated and each time it is immediately
transferred back to a waveguide again. The
antenna itself is a resonant cavity on which there
are a pair of slots one half-wave apart. As you can
see in the enlargement, the waveguide is tapered
in the narrow dimension to fit between the slots.
The effect of the cavity is as though the wave-
guide were split in half and each side bent
through 180°. Tapering the waveguide prevents
the reflections that would occur if the size were
changed abruptly. Tapering in the narrow di-
mension does not affect the operation of the
waveguide, since this dimension is not critical.
The actual impedance match is accomplished by
adjusting the matching screw. This adjustment
is made at the factory' and soldered in place.

The energy comes out of the back of the cavi-
ty and goes to the large reflector. The reflector
sends the energy out forward in a narrow beam.
The energy which returns from the radar target
is reflected by the reflector into the slots. It
passes through the slots into the waveguide
and travels toward the magnetron, where it
stops at the RjT box. The length of the T-
junction is a half-wave from the center of the
waveguide. So the closed end of the section re-
flects a short circuit at the outer center of the

CRYSTAL HOLDER

Accurate 3CM Frequency Meter using a Waveguide
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main waveguide. This reflects the signal back
along the guide to the mixing chamber. Of course,
neither spark gap is fired because the signal is
too weak to strike an arc. The signal enters the
mixing chamber, where it strikes the end wall
and reflections are again set up. The chamber
becomes a cavity resonator. An additional sig-
nal is introduced from another oscillator-
the heterodyne oscillator for the receiver. The
signal is injected with a probe at the center of
the E-field in the cavity. Both signals cause cur-
rent flow through a pick-up probe at a quarter
wave from the end of the cavity. This probe is
connected to a crystal mixer. The second os-
cillator is set at a different frequency and pro-
duces the correct IF frequency when the return-
ing signal is from a radar beacon transmitter.

As the crystal is easily damaged by high pow-
ered signals, the T /R box spark gap protection
must be certain. To insure that it will arc-over
at once when the transmitter signal appears in
the mixing chamber or when other nearby radar
transmitters accidentally send in a weaker-
but still damaging-signal, a keep alive voltage
is provided. This is a high DC voltage which
causes the spark gap to be partially ionized.
Then the additional voltage of any signal that
is stronger than a radar echo will cause complete
ionization or an arc between the electrodes. When
the set is turned off, no keep alive voltage is
present, and the crystal is vulnerable to signals

from other nearby radar transmitters. So a
spring operated gate closes the waveguide when
the set is turned off. No signal can get to the
crystal from the antenna. When the set is turned
on, an electrically operated relay opens the
gate.

The entire system is assembled with rubber
gaskets at the joints, or otherwise sealed to
permit pressurizing the interior of the wave-
guide. The small windows or slots in the antenna
cavity are covered with mica. It lets RF energy
through, but keeps moisture out.

TEST EQUIPMENT

A resonant cavity can be used to measure the
frequency of the signal in a waveguide. When
approximate measurements are to be made,
either the ring box or echo box can be used.
When more accurate measurement is desired,
a frequency meter of the type shown on the pre-
ceding page is used. Ii1this meter a coaxial cable
brings the signal from a test jack in the wave-
guide of the radar set to the input jack of
the wavemeter waveguide. A probe sends the
signal down the guide through attenuator vanes.
When these vanes are at the walls of guide,
they have no effect, but when they are moved
together, they reduce the wide dimension until
it is less than cutoff wave length for the fre-
quency involved. The signal bounces back and
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forth between the vanes, with very little of it
getting out of the waveguide proper. It then
goes to a coaxial cavity. This cavity is similar
to that previously illustrated on page 10<23,
except that it has a micrometer head to in-
sure maximum accuracy of reading. The co-
axial line is resonant when it is 15 quarter
wavelengths long in this test set. Resonance is
indicated by the rectified output from the crystal,
which is used to swing a meter, or if pulsed signal
is used, the amplitude of the pulse can be ob-
served on a test oscilloscope.

You can measure the standing waves on any
waveguide system by inserting a slotted section
into the waveguide as shown on page 10-33and
then using a travel-probe to measure the elec-
tric :field strength. A special assembly :fits on
the slotted section onto the waveguide. This
assembly picks up energy by a probe and
transmits it through a short waveguide to a
crystal, where it is rectified and then carried
by a coaxial cable to an indicator. which is
similar to that described earlier in the slotted
coaxial line.

ADJUSTMENTS
In a waveguide system in an airborne radar

set, although there are many adjustments, most
of them are made at the factory. For example,
almost all the probes which a waveguide system
uses cause an impedance mismatch. This mis-

"

, AOJUSTASLE PLUG
SOLDE?.ED IN

.,~ PLACE

MAGNETRON

Mismatch and ReAecfions Introduced by
Magnetron Probe are tuned out by plugs

•match must be tuned out. The plugs of the type
shown above are provided to get rid of the mis-
match, but adjustment is made at the factory
wherever possible and the adjustment is fixed
by soldering.

On the other hand, an adjustment which the
radar mechanic does adjust deals with the
amount of signal introduced by the local oscil-
lator. This can be varied by making the probe
in .he mixing chamber longer or shorter. This
probe, which is permanently fixed to the oscil-
lator, moves the entire oscillator up and down
with respect to the waveguide.

.,........,.


