


























16 CONFIDENTIAL

Tuning stubs are made by mounting a rectangular
piston in the side arm. Care must be taken to insure
good electrical contact of the plunger at the center of
the wide sides of the guide because the current is large
at these points.

Another method of matching loads in a guide is to
insert a screw or diaphragm. A metallic projection into
the guide from the wide side adds capacitance, while
one from the narrow side adds inductance. Therefore,
a load which appears inductive can be matched by in-
serting capacitive diaphragms, as shown in figure 36(a).
Figure 36(b) shows added inductance.

TRANSMIT-RECEIVE BOXES

By proper addition of inductance and capacitance it
is possible to keep the impedance of the opening in a
diaphragm matched to the guide. Since this diaphragm

The chamber thus formed is filled with low-pressure
gas. The high power of the transmitter causes a dis-
charge to flash across the window and some of the
resonant diaphragms, thereby preventing the transmitted
energy from passing through the TR. The reccived
voltage, however, is too low to cause a gas discharge
and, therefore, passes through the TR as though it were
a picce of wave guide. By using several resonant dia-
phragms which act as coupled resonant circuits, broad
bandpass is obtained.

Another type of TR box which may be used with
cither coaxial or wave-guide lines is shown in figure 38.
This tube consists of two metal cones which nearly
touch and are sealed into a glass envelope containing gas
at low pressure. The metal disks holding these cones are
clamped in an external cavity to form a resonant cham-
ber. In a coaxial system power is coupled in and out of
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FIGURE 33—Probe transition section.

acts as a lumped resonant circuit, it does not have the
cut-off limitation on the width of the hole. The dia-
phragm must, however, be thin compared with the
wavelength. Holes of complicated shape, such as that in
figure 36(c), may be matched to the guide so that a low-
power wave will pass the diaphragm as though it were
not there. On the other hand, a high-power wave will
create a high field across the gap in figure 36(c), caus-
ing electrical breakdown. When this happens the im-
pedance changes by a large amount, thereby reflecting
most of the energy. This principle is used in one type
of gas switch used to cut off the recciver during trans-
mission when a common transmitting and receiving an-
tenna is used (see figure 37). Tubes for this purpose are
called ""TR boxes” (transmit-receive boxes). The most
successful of the types built to fit directly into a wave-
guide line is a section of wave guide with resonant win-
dows on the two ends and several resonant diaphragms
similar to figure 36(c) placed at quarter-wave intervals.
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FIGURE 37— Wave-
guride broadband trans-
mit-receive box.
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this cavity by coupling loops, while on 2 wave-guide
system the side of the cavity may be cut away to form a
resonant window through which the power may pass.
The cavity is tuned for maximum received signal by

means of screw plugs. During transmission the high
voltage developed between the cones causes an arc which

detunes the cavity, thereby preventing power from pass-
ing to the receiving system,
DUPLEXERS

Figure 39(a) shows the schematic of 2 “duplexing

system” for a radar which uses a common transmitting
and receiving antenna, while figure 39(b) shows a pho-
tograph of a 10-centimeter duplexer, The transmitter
must be matched to the characteristic Jine impedance

FIGURE 38 — Tuned transmit-
receive box,
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for maximum efficiency. For a long-wave transmitter
this may be a transformer of conventional coupled coils,
while for microwaves the matching devices described
previously may be used. The TR box and anti-TR box
are spécial gas tubes which flash over to form a short
circuit when the transmitter operates. During transmis-
sion both T's, which act as parallel circuits, should
present an infinite impedance at the line so that all of
the power goes to the antenna. This means that the gas
tubes should be an odd number of electrical quarter
wavelengths from the line. Because of the capacitance
and inductance of the gas tubes, the actual side-branch
transmission lines will, in general, not be of exactly this
length. When the TR box flashes it also short-circuits
the line going to the receiver, thereby preventing the
high power from burning out the input circuits. The
gas discharges go out when the transmitter is off. The
received signal then finds the TR box matched to the
line and, consequently, goes through it to the receiver.
In order to prevent loss of energy by reflection at the
receiver, the receiver input must be matched to absorb
all of the incident power. However, the received energy
can also go down the main line to the transmitter. The
function of the anti-TR is to prevent this energy loss by
cutting off this part of the line. If the side line ends at
the anti-TR, the circuit will be open when the gas dis-
charge is out. This open circuit will appear as a short
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(a) Block diagran:.

(b) 10-centimeter duplexer.

FIGURE 39—Duplexing syiten:.

circuit at the T because of the quarter-wave spacing.
This short circuit will, in turn, appear on an open cir-
cuit at the TR-box T if the spacing between the two T's
is chosen as a quarter wavelength. The net result is,
therefore, to disconnect the transmitter, thereby forcing
all of the received energy through the TR box. If the
anti-TR, because of its capacitance, does not sufficiently
approximate an open circuit during reception, the lire
may be extended beyond it by an electrical quarter wave-
length and there be permanently short-circuited.

Although the duplexers in a parallel-wire system or a
coaxial system look quite different from figure 39(b),
the principle of operation is identical.
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FIGURE 40—""Rat-race” bridge duplexer.

RADIO-FREQUENCY BRIDGE DUPLEXERS

Another quite different principle, which may be used
to prevent the transmitter power from reaching the re-
ceiver, employs a class of devices which are built so that
power entering a junction can leave only on certain
paths. One example of this tvpe of device is the “rat
race’” sketched in figure 40. This system is built with
waveguides having negligible loss; therefore, the phase
balance is the important factor.

In figure 40, all of the T's are in the E plane, the

narrow side of the guide being parallel to the paper.
Power from the transmitter divides at A4 when it enters

the guide, which is bent into a circle; but being an E-
plane T there is a half-wave phase difference between
the waves going in opposite directions because of the
electric field distribution indicated in figure 40(b). Upon
meeting at the entrance of another side pipe these two
waves must be a half wave out of phase to send energy
into it. If they meet in phase both sides of the branch

become positive at the same time, with the result that a
TEo mode is not excited; and all other modes are be-
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18 CONFIDENTIAL

yond cutoff. With this in mind, let us see which paths

power can take through the device. For simplicity of -

argument, let us use the clockwise wave at A as the
reference. Then the counterclockwise wave is a half
wavelength different in phase. At B the counterclock-
wise wave has traveled one wavelength farther than the
clockwise wave so the two waves are a half-wave differ-
ent in phase, the condition for transmission of power
into arm B. At D the two waves have traveled the same
distance and, therefore, send power into arm D, while
at C the two waves meet in phase with the result that
no power enters arm C. Continuing this analysis, we
find that power cannot be transferred between line A
and line C nor between line B and D.

Now let us consider the circuit shown in figure 40(c).
If the two TR boxes are identical and the arms between
the two circles are of equal length, power from the
antenna goes only to the receiver. Also, if the shorting
action of the TR's is neglected for the moment, the
transmitter power goes only to the load and not to the
receiver nor to the antenna. When the TR boxes are
allowed to fire, there is a small amount of transmitter
power passing through them because the gas discharge
Is not a perfect short circuit; and this power is still ab-
sorbed in the load rather than reaching the receiver,
thereby giving better protection than the TR alone. The
short-circuiting action of the TR boxes is also used to
allow the transmitter power to reach the antenna. The
TR box in line B is placed a quarter wavelength from
the junction. This is an E-plane T; therefore, a short
circuit in this TR box reflects as an open circuit in the
path ABC and cuts off the clockwise wave from A. In
line D, which is effectively in series with the path
ADC, the TR box is a half wavelength from the junc-
tion, so that the reflected short circuit completes this
path and permits the counterclockwise wave from A to
pass out through arm C.

The "magic T,” which is illustrated in figure 41, is

I e

> | ",

T

P
NN~

FIGURE 41—"Magic T.” Ficure 42—"Magic-T"

bridge duplexer.

another device in which power from one arm cannot
transfer to another arm entering the same junction. A
wave entering A can divide and go out € and D but,
because the polarization is wrong, cannot enter B. Like-
wise, energy entering B can go out € and D but not A.
On the other hand, a wave entering C or D can go out
all of the other arms.

Figure 42 shows a method of using the magic T. Re-
membering that the two waves leaving or entering an
H-plane T are in phase while those leaving or entering
an E-plane T are out of phase, it may be seen that the
antenna will feed power only to the receiver and the
transmitter only to the load when the TR’s do not fire.
On the other hand, when the TR's place short circuits
across the lines, these reflected waves meet at the T with
a 180-degree phase shift, thereby allowing the power to
transfer from the transmitter to the antenna.

RECEIVERS

Since the receiver input in systems operating at wave-
lengths shorter than 15 centimeters is very frequently an
integral part of the duplexing system, let us begin by
discussing the techniques for these wavelengths. So far,
radio-frequency amplifiers have not been as sensitive as
crystals. Therefore, the usual receiver is of the super-
heterodyne type, with an intermediate frequency of the
order of 30 to 100 megacycles. The local oscillator and
the incoming radio-frequency signal without amplifica-
tion are mixed in a crystal detector to develop the inter-
mediate frequency. The intermediate frequency is then
amplified by standard receiving-type tubes such as the
6AC7, or by miniature tubes such as the 6AKS if sp
and weight are important.

ace

The local oscillator is normally a klystron of the type
which may be voltage tuned, although at the long-wave
end of this region triode oscillators such as the light-
house tube may be used.

CRYSTAL MIXERS

The early crystal mixer was of a tuned-cavity type,
one example being illustrated in figure 43. Where the
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FIGURE 43—Tuned mixer.

main function of the resonant cavity was to obtain an
electrical match between the crystal and the radio-fre-
quency system, careful control of the crystal manufactur-
ing made it possible to build mixers which use a fixed-
tuned matching device, thereby simplifying the operation
of the receiver. For experimental work on crystals where
their radio-frequency impedances may vary over wide
ranges, the tuned mixer is still in common use.

e

Figure 44 shows one type of fixed-tuned mixer which
is in common use in radar systems operating in the 10-
centimeter region. The matching is carried out by ad-
justing the size of the coupling loop. This mixer is not
entirely untuned because the TR tuning for maximum
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FIGURE 44—Crystal mixer.

signal results in some improvement in matching of the
crystal to the TR box. In this mixer the direct-current
path for the crystal current is completed. thrc?ugh the
coupling loop. The local oscillator power I ad]usted'by
changing the capacitance between the crystal feed I[.ne
and the local oscillator probe. The cup on the radllo-
frequency line is a quarter wavelength deep for the third
harmonic of the transmitter and, therefore, reflects an
open circuit onto the line for this frequency. This third
harmonic, which is not stopped by the type of TR
shown in figure 38, may be present in amounts up to
several watts peak power, while the crystal may be
burned out by 0.2 watt.

For broad-band 10-centimeter systems where a wave
guide TR is used, the mixer may take the form shown
in figure 45. The position of the crossbar, which also
acts as a local oscillator input, is adjusted to obtain
proper crystal matching.
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FIGURE 45 — Wave-
gm'u'e mixer,

Three-centimeter wave-guide mixers may take the
form shown in figure 46. However, at these frequencies
a considerable amount of noise is introduced into the
receiver input circuit from the local oscillator. In ord.er
to eliminate this noise, a balanced mixer, as shown in
figure 47, has been developed. The output from the two
crystals, which have the added advantage of giving fu.ll-
wave rectification, is combined so that the received sig-
nals add but the local oscillator noise is canceled. This
circuit also has the advantage that the received signal
does not enter the local oscillator and the local-oscil-

Treasmittar

FIGURE 47—Full-wave balanced mixer.

lator output cannot go out to the antenna. The latter
is particularly important where a receiver used to
monitor enemy installations should not radiate.

RADIO-FREQUENCY AMPLIFIERS

At wavelengths longer than 15 centimeters, good
radio-frequency amplifiers exist and are commonly
used. In addition to providing more sensitivity to re-
ceivers at these frequencies, they are not so easily
burned out by the transmitter power as crystals. Since
radio-frequency amplifiers are harder to build than
intermediate-frequency amplifiers, it is customary to
use only enough radio-frequency stages to amplify the
signal voltage well above the noise level of the first
detector. Beyond this point the amplification is at
intermediate and video frequencies. Lighthouse tubes
are used for frequencies between 2000 and 600 mega-
cycles, while “high-frequency” tubes which have been
on the market for a number of years may be used at
frequencies below 800 megacycles.

RECEIVER SENSITIVITY

The ultimate sensitivity of a receiver, regardless of
its construction and number of stages of amplification,
is limited by the random voltages produced by thermal
agitation of the electrons in the conductors and resistors
of the circuit. It can be shown that the average noise
power P introduced into the input circuit of a receiver
by these fluctuations is

P = ¢KTAf watts (15)

where ¢ is a small number which depends on the exact
form of the input circuit, K is Boltzmann's constant
having the value 1.371%10-*% joules per degree abso-
lute, and Af is the band width of the receiver. Since a
signal of the same magnitude as this noise will be in-
distinguishable from a random noise pulse, P may be
considered the theoretical limit of sensitivity for the
receiver. It is customary to express the actual receiver
sensitivity as being so many decibels worse than a
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20 CONFIDENTIAL

theoretically perfect receiver for which ¢=1. This

quantity, called the noise figure, is
noise figure

average noise power in receiver

KTaf

decibels. (16)

= 10 logio

At frequencies below 100 megacycles, receiver-noise
figures of 2 to 6 decibels are possible with present tech-
niques; between 100 and 1500 megacycles noise: ﬁgufes
of 4 to 8 decibels may be expected, while at frequencies
between 1500 and 30,000 megacycles the values should
be around 8 to 12 decibels including losses in the TR
system. Substitution in (16) shows that signals of the
order of 1013 watts should be detected by a good
receiver.

The difference between an actual receiver and a theo-
retically perfect one arises from the fact that the ampli-
fier tubes and first detector introduce noise into the
circuit which is greater than that caused by the re-
sistances. Furthermore, these devices may not be per-
fectly efficient amplifiers or detectors. If part of the
signal is wasted, the noise figure is increased.

At any point in the circuit there will be a certain
amount of noise due to the adjacent circuit elements
and also due to the noise coming to this point from the
input. These two noise powers will add to give the noise
level passed on. Now suppose the noise power at the
receiver input is P; and that this is amplified by a factor
of 5 by the first stage. This noise will then be 5P; at
the input of the second stage. Also, suppose that t.he
first stage itself adds a noise power of P1. Then the noise
power in the grid circuit of the second stage will be
5P;+P;. We see that the first stage has added an
amount of noise power to the circuit which is equivalent
to increasing the initial input noise by P1/5. Hence the
noise figure is

P‘ + P1/5
noise figure — 10 log —— (17)
KTAf
instead of
P,
10 log .
KTaf

This argument can be extended to a multistage ampli-
fier where P, is the input-circuit noise including the de-
tector noise if no radio-frequency amplifier is used, P1
is the noise of the first amplifier and G} is its gain, P2
and G2 are the corresponding quantities for the second
amplifier, and so on. Then

P5+P1/GI+P2/GlGe‘_f;~;; (18)
KTAf

noise figure=10 log;,

From this formula it may be seen that, if the amplifier
gain is high, only the first one or two stages add ap-
preciable noise to the circuit. The reason radio-fre-
quenéy amplifiers are only moderately successful at 10
centimeters is that P1 is large and G small for the tubes
which have been built. Where radio-frequency ampli-
fiers are used, the first detector is inserted at the stage
where its noise power divided by the gain is negligible
in the above formula. If the noise figures with and
without a term in (18) differ by less than one-quarter
decibel, that term is considered negligible.

The arguments advanced to derive (18) essentially
assumed perfect efficiency in utilizing the incoming
signal. Since this is very rarely the case, let us see what
effect a partial loss of the signal will have on the noise
figure. As was stated previously, the signal should be at
least equal to the average noise power to be detected.
Therefore, if only, say, a quarter of the incoming signal
power is utilized by the receiver, the signal must be
four times stronger than if all of the power were used.
The same effect would be achieved if we had a receiver
which utilized all of the signal power but was four
times as noisy. Therefore, if the reciprocal of the frac-
tion of the power actually used by the receiver is de-
noted by F, the noise of the receiver will be

) (19)

For radio-frequency amplifiers, F is likely to be near
unity, which means most of the incoming signal is util-
ized, but Py is apt to be several times KTAf. On the
other hand, the present silicon or germanium crystals
together with their mounts have values of F averaging
in the neighborhood of 4 to 6, while Py is very near the
theoretical value of KTAf.

P;+P,/Gi\+P: /GG, . .
KTaf

noise = 10 logo F(

As may be seen from (19), the receiver sensitivity may
be increased by decreasing the Af. However, a certain
band of frequencies is required to obtain a reasonably
undistorted signal output from a modulated signal. It is
obvious that if the signal is so distorted that it is un-
recognizable, the receiver cannot be considered sensitive
to that signal. This means that Af cannot be given an
arbitrary value, but the receiver bandwidth should be
no wider than is necessary to pass the required signal.
In a radar system where a pulse length of  seconds is
used, the optimum receiver sensitivity occurs when
Af=1.5(1/t), approximately. The sensitivity drops off
very rapidly when Af is much less than 1/ but is still
good when Af is $(1/¢). For applications in which ex-
tremely accurate range measurements are required the
importance of an undistorted signal may make it de-

sirable to sacrifice some receiver sensitivity by using a
wide bandwidth.

LE

INTERMEDIATE-FREQUENCY AND
VIDEQ AMPLIFIERS

Figure 48 shows one of the best input circuits for use
with a crystal detector and also shows a typical stage
of an intermediate-frequency amplifier. The coupling
coils between the intermediate-frequency stages may be
tunable or, by holding the components to close specifica-
tions, receivers may be built which require no inter-
mediate-frequency alignment. Once the intermediate-
frequency amplifier is properly aligned, the only re-
ceiver tuning required is in the radio-frequency stages
(if a radio-frequency amplifier is used) and in the ad-
justment of the local oscillator frequency.

6AKS

TO CRYSTAL

FIGURE 48—Receiver input.

Pulsating direct current required for the operation
of cathode-ray tubes and other devices used to display
the signal is obtained by passing the intermediate-
frequency output through a second detector. The signal
level entering the detector, as shown in figure 49, is of
the order of 1 volt. The detector is followed by one or
more stages of video amplification, and a cathode fol-
lower may be used to drive a transmission line leading to
the indicators. If, as in the case of some applications,
it is desired to limit the level of strong signals, the video
amplifier may be driven to cutoff.

AUTOMATIC GAIN CONTROLS

The strength of radar signals from distant and nearby.

objects may vary by a factor of more than 1,000,000;
hence, a receiver which is adjusted to the proper out-
put voltage for a weak signal may be greatly overloaded
by strong signals. Although this overload, (which oc-
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FIGURE 49—Detector and video amplifier.

curs in the last few intermediate-frequency stages) may
be prevented by decreasing the gain of the: intermediate-
frequency amplifiers, it is usually undesirable to use the
manual gain control for this purpose. For example, in a
search-radar set it may be necessary to observe weak
and strong signals at essentially the same time. Under
these conditions the receiver gain should be set to a
different value for each signal, an impossible manipula-
tion for the operator. On the other hand, the receiver
gain can be electronically adjusted with great rapidity.
Figure 50 shows a “'back-bias” circuit which uses the sig-
nal strength to control the gain at an intermediate-fre-
quency-amplifier stage. For simplicity the intermediate-
frequency-amplifier circuit is only partially shown. The
detector is cut off when there is no signal output from
the intermediate-frequency amplifier, because the cathode
voltage in a cathode follower is always more positive
than the grid by an amount dependent on the value
of the load resistor. When a signal appears on the out-
put of the intermediate-frequency amplifier, it causes
the detector to draw current provided the signal ampli-
tude is greater than the cutoff voltage on the detector.
Hence, the signal level at which the back bias circuit
begins to act may be adjusted by varying Ri. When
the signal is strong enough to operate the detector the

-105V
CATHODE
FOLLOWER
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FIGURE 50—Back-bias circuit.

capacitor C1 becomes negatively charged, thereby making
the follower grid and thence the intermediate-frequency
amplifier grid more negative. Since this results in a de-
crease in the amplifier gain the tendency to overload is
reduced; but there may be some signal distortion be-
cause the operation is moved to a more curved part of
the tube characteristics. The recovery time after a strong
signal is adjusted by the values of Ci, R1, and R4. Rj is
a small resistor which prevents the intermediate fre-
quency from appearing on the grid of the follower.
This type of circuit is most useful where the desired
signal is obscured by overloading from certain types of
jamming or from the signal return from a storm or
waves on the sea. For such applications, the recovery
time should not be much longer than the pulse length.
Where control of one intermediate-frequency stage does
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not cover an adequate range, similar circuits may be
applied to, say, the last three stages. In this case,
medium signals cause the back bias to operate only on
the last stage, strong signals on the last two stages,
while very strong signals cause the back bias to operate
on all three stages.

Another method of controlling overloading is to
amplify the output of the second detector of the re-
ceiver and use this voltage to control the bias on one ot
more of the early stages in the receiver. This type of
circuit has been used as an automatic volume control
on broadcast receivers. Because this type of circuit
operates on all signals above a certain level, tending to
make the output constant, the contrast between strong
and weak signals is not as great as with the back-bias
circuits when the recovery time is short. On the other
hand, where the average amplitude is to be controlled
without observing short-time fluctuations in the signal,
automatic volume control with a long recovery time is
useful. This is particularly true where a singl: signal
is selected to operate an automatic-tracking circuit.

GATED RECEIVERS

A single signal may be selected by “gating,” or turn-
ing on the receiver only at the time the desired signal
is being received. This may be accomplished by applying
a square positive pulse to the grids of two or three intet-
mediate-frequency-amplifier stages which are biased
beyond cutoff. Figure 51(a) shows a block diagram of a
“short-gate” circuit for selecting a single signal. P in
figure 51(b) is the transmitted pulse and § the desired
signal. The trigger from the transmitter may be used to
trip a multivibrator as a delay mechanism, the duration
of its output square wave being adjusted to be just less
than the time between P and S. The back edge of this
square wave may in turn trip a second multivibrator
which puts out a square pulse just a little wider than
the signal. S is the only signal reaching the output, since
the receiver is turned on only during this time. Several
other types of circuits suitable for delaying the trigger-
ing of the short gate will be discussed in the section on
indicators.

AUTOMATIC FREQUENCY CONTROL

The local oscillator is the only item which needs tun-
ing in a broad-band system; therefore, completely
automatic operation of the transmitting and receiving
system can be achieved by using automatic frequency
control (AFC). For this purpose a voltage-tuned klys-
tron may be used as a local oscillator, the voltage being
controlled by the transmitted signal. Since the receiver
input is cut off during transmission, the power to oper-
ate the automatic frequency control must be tapped
from the transmission line through a suitable attenuator
and fed into a separate mixer from the normal receiver
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Ticure 51—"Short-gated" receiver.

mixer. The same local oscillator must, however, feed
the two mixers. Figure 52 shows the circuit (above), and
the intermediate-frequency and  discriminator-output
voltages as a function of frequency (below). The inter-

mediate frequency is chosen as 30 megacycles for the
sake of discussion.

The 884 works as a relaxation oscillator and provides
voltage to sweep the local oscillator over its complete
tuning range of 20 megacycles. It is so biased that when
its plate reaches —50 volts from ground the tube fires
or becomes conducting, and capacitor Ci is charged to
about —230 volts which is close to the potential of the
884 cathode. The characteristics of the 884 are such
that, once conduction starts, the grid loses control ; and
conduction continues until the plate potential drops to
or near the cathode voltage. Conduction then ceases,
and the grid resumes control.

LOCAL
OSCILLATOR
REFLECTOR

FIGURE 52—Awutomatic f}'f;‘(/lle‘f;’(‘_]' control,

The capacitor Ci and the local-oscillator reflector are
connected by Ri and Re to 4105 volts, thus sweeping
the reflector voltage in the positive direction and tuning
the local oscillator from a higher to a lower frequency.
When Ci reaches —50 volts the 884 again fires and
starts the cycle over again. Thus a saw-tooth sweep is
put on the reflector of the klystron tube.

The 2050 operates the control or holding circuit. Its
function is to stop the sweep and hold it when the sweep
voltage reaches the point which corresponds to a differ-
ence of 30 megacycles between the local oscillator and
the transmitter frequencies. It is so biased that it does
not conduct at any time unless a positive pulse is ap-
plied to the grid. The sweep circuit causes the local
oscillator to go from higher to lower frequency; and if
the local oscillator is properly tuned to the high-fre-
quency side of the transmitter, the intermediate fre-
quency, which is the difference between the local oscil-

- lator and transmitter frequencies, will go from a higher

to a lower value.

From figure 52 it may be seen that at first the inter-
mediate frequency, which is much too high, produces a
positive pulse output from the discriminator and hence
a negative pulse on the grid of the 2050. This negative
pulse on the 2050 produces no effect, even though the
intermediate frequency continues to become lower.
When the intermediate frequency reaches 30 mega-
cycles it is at the crossover in the discriminator pat-
tern; just a little later, it is lower than 30 megacycles. It
then produces a negative pulse from the discriminator
which becomes a positive pulse on the 2050 grid, thereby
firing the tube and charging C2 to —230 volts.

The grid of the 2050, as in the case of the 884, loses
control when the tube fires. Thus the tube conducts
until the plate is near cathode potential. When the 2050
ceases to conduct, Ca swiftly recharges to its former
voltage. During the interval that Ca is more negative
than Ci, C1 which has been charging in the positive
direction through Ri1, changes its direction of charge and
starts to go in the negative direction.

This change of direction of charge also reverses the
direction of change in the intermediate frequency,
making it higher than 30 megacycles, a condition in
which no positive pulse reaches the 2050 grid. After Ca
returns to its former voltage, Ci resumes its charging in
the positive direction, making the intermediate fre-
quency again become lower than 30 megacycles by a
small amount; the 2050 again receives a positive voltage
on the grid, fires, and the process is repeated.

Thus it can be seen that the intermediate frequency
shifts slightly from above to below 30 megacycles, the
2050 firing often enough to keep the average voltage at
C1 and hence on the reflector at the value required for an
intermediate frequency very close to 30 megacycles.

The 884 cannot operate at this time, or at any other
time, unless the voltage at the reflector reaches —50
volts. As long as the transmitter is tuned in and operat-
ing the 2050, the reflector voltage is more negative than
—50 volts and is held closely at or near the voltage

necessary to maintain the proper intermediate fre-
quency of 30 megacycles.

CRYSTAL VIDEO RECEIVERS

The receivers discussed so far have been of fairly
narrow bandwidth and are the type used for radar sets
where it is undesirable to receive signal frequencies
different from the transmitter frequency. There are,
however, applications for a very broad-band receiver—
for example, radar beacons—which must be tripped by a
wide range of transmitter frequencies. y

Receivers having very wide bandwidths of the order
of 20 per cent of the carrier frequency can be made by
converting  the radio-frequency signals directly into
video pulses and obtaining the desired output voltage
by video amplification. The main factor which limits the
bandpass in these rcceivers is the radio-frequency and
antenna system. Because of large conversion loss in the
detector, the noise figure of these receivers is poor.

(Continned next month)

Don't permit yourself to get caught out on a limb for
want of spare parts. After taking an item out of a spare
parts box, the best system is to stop right then and order
yourself a replacement for it. Then you will have it on
hand when you need it in a hurry.

Answer to last month's cross-word puzzle
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Radio-Sonde Maintenance

il With more and more emphasis being placed on opera-
tions at high altitudes and in regions of extreme tempera-
tures, the study of atmospheric pressure, temperature,
and humidity becomes very important. This study,
known as Air-Mass Analysis (AMA), is very extensive
and involves the use of special electronic equipment.

In connection with this program a quantity of model
AN-FMQ-1A Radio Sonde equipments is being dis-
tributed to the field. These equipments are very similar
to their forerunners, the model RAU-2 equipments, ex-
cept that they use hermetically sealed and tropicalized
units. Although most of the components can be used in
either model, some of the treated units are not inter-
changeable due to a difference in size and mounting
arrangements. The equipments using the tropicalized
units will perform more satisfactorily in hot and humid
areas.

Note from the artist’s drawing that the power supply,
frcqucncy meter, antenna selector switch, and power sup-
ply voltmeter are incorporated in the top panel of the
model AN/FMQ-1A equipment. Because of the similar-
ity of these two models the operating and maintenance
techniques are essentially the same. One instruction book
has been prepared for the model RAU-2 while the fol-
lowing manuals apply to the model AN/FMQ-1A
equipments.

Technical Mannal Date Title

TM 11-2403  April 1945

Installation and Maintenance
of Radio Sonde Receptor,
AN/FMQ-1.
T™M 11-2403 24 May 1945 Supplement (AN/FMQ-1A)
TM 11-2404 December 1944 Operating  Instructions  for
Radio Sonde AN/FMQ-1A
TM 11-2404 20 April 1945  Supplement (AN/FMQ-1A)

All stations and vessels equipped with radio sonde
equipments should ascertain what instruction books are
necessary and obtain them, if necessary, from the Bureau
of Ships (Code 253).

The appendix of TM-11-2403 includes instructions
for moisture-proofing and fungi-proofing components,
which will provide a rcasonable degree of protection
against fungus, insccts, corrosion, salt spray, and mois-
ture. The treatment involves the use of a moisture- and
fungi-resistant varnish applied with a spray gun or
brush. Equipments operating in areas of high tempera-

1

ture and humidity should be kept clean and regularly in-

spected to see if such a treatment is necessary.
Reference to the instruction books and manuals should
y ;o i .
always be made when servicing or repairing the equip-

ment. Tinkering

with any equipment is a bad policy and

should not be practiced. This is especially true of the re
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corder and tapper mechanism of the rnﬂi(_) sonde cqujl])-
ment. By keeping this unit clea’n and lubricated Prépcr }fr
it will give trouble-free operation OVEL @ long period .o
time. The recorder and tapper mechanism should be in-
spected weekly for cleanliness and for the need of lubri-
cation.

Of all the items called for in the monthly inspection,

the following points are stressed and must be thoroughly

checked: a—the exciter lamp and ic:
usted, b—the dog-leg joints must be free

optical assembly must
be properly adj
of friction but not excessively
tapper bar must be straight.

loose, and c—the arms and

From time to time the Bureau has been requested to

supply tapper-bar coils and dog-leg springs to \';11':'01?5 ac-
tivitics. The quantities requested indicate that these ntc_ms
are failing rather rapidly in the field. However, very few
failure reports have been received whereby data can be
secured for the development of improved parts for the
existing equipments. All dcrangements and failures
should be reported on NBS-383 failure report cards. In
a like manner this card should be used to submit infor-
mation on maintenance hints, These hints are valuable

to technicians not familiar with the equipment.

As a result of a spare parts survey, a quantity of parts
necessary to the maintenance of the equipment is under
procurcment and will be supplied to strategic mainte-
nance bases when available. Fach activity should obtain

the necessary parts to complete this allowance.

If you think this beautiful dancing gitl merits additional or prolonged contemplation . . .

... you can retrieve the magazine later for @ more detailed study of this or any other items of
particular interest to you. In the meantime, however, pass this copy along so that all the technicians
may have a chance to give it a quick "'once over."
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Instead of waiting for g breakdown,
Sew up your worries by employing
regular preventive maintenance pro-
cedures. Intimate knowledge of the
operating principles and peculiari-

ties of your equipment can be gained
by periodic checks and adjustments.

Trouble shooiing then becomes rela-

tively simple, and many would-be

shutdowns will never occur,




