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and all the dots and dashes followed one another in succession and with-
out intervals and all were of equal strength, then the effect would be of
hearing one long dash of constant signal strength. When the charac-
ters combine into a long dash it is referred to as blending or interlocking
of the “A” and “N?” signals. Hence, the reception of a series of
dashes, which would sound like dah-dah-dah and so on, would tell a
flier he is traveling in a direct line with the beam and is therefore on
the course. Now, if an airplane were flying in any area between the
hnes of the beams one of the individual letters would be heard strongest,
depending upon
which side the air-
plane was off the
course. Also, any
waviness of the
signal or key clicks
heard indicates
that the airplane
is off the center
line. The individ-
ual letters “A”
and “N” which
comprise the signal
are sent at a rate
which would cor-
respond to about
22 words per min-
ute, counting 5
letters to a word,
and in groups of
from 1 to 12 signals in the manner that a clock tolls time, so that a
beacon station can be identified by the number of signals per group.

Visual Beacon Indicator.—Particulars concerning the visual beacon
indicator are given through the courtesy of the Aeronautics Branch of
the Department of Commerce. As shown in Fig. 431 it is a simple
rugged box mounted on the instrument board and electrically connected
to the receiving set output in place of telephone receivers. In this box
there are two strips of metal, called ¢ reeds ”’ (refer to Fig. 432) which
are mounted side by side, the tips of which are white and are visible
through the face of the instrument (refer to Fig. 433).

When the beacon signals are received, the two reeds vibrate verti-
cally; and since they are tuned to the two modulation frequencies used
at the beacon sending station, they serve as a device for indicating

F1a. 431.—Showing a visual type radio beacon indicator
mounted on the instrument board of an airplane, where it
may be readily observed by the pilot.
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equality of received signals. When they are vibrating with equal
intensity, the picture conveyed to the eye consists of two broad white
vertical ribbons, vary-
ing, of course, according
to the adjustment of
the receiving set, from
an eighth of an inch to
a quarter of an inch or
more in depth. The
vibrating is hardly Permanent Magnet--
noticeable, the effect ,Aluminum Damper
being that the lines sud- —L
denly are lengthened or || 7)) T :
shortened. :
Reed Vibrations.—
When thetwowhitelines  Fi. 432.—Sketches of reed indicator construction.
are equal in length the
airplane is on its course. (Refer to Fig. 434.) A deviation from this
course to the left increases the vibration of the left reed or white line

—> BLACK

i
33
Fia. 433.—Diagram showing how the four beacon courses are produced in the direc-

tions where the radio intensities from the two antennas are equal; also reed indicator
with shutter system to fit indication to red or black courses.

and reduces the other, and likewise vice versa. The longest reed, or
the deepest white line, shows the side the plane is off the course. In
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general, that is all there is to it, and so long as the pilot keeps the two
white lines of equal size, depth, or length—whichever he chooses to call
it—the plane may safely be regarded as being on the course which the
radio beams are blazing through the air for any radio-equipped plane
to interpret their meaning.

The transmitting set is of the double-beam directive type. (This
is a general description of the four-course beacon, or a beacon that may
serve four courses at the same time.) The transmitting station is usu-
ally located at an airport just off the landing field, and operates on a
frequency in the 250-350 kilocycle band. The transmitter has two
directive antennas crossed at an angle of 90 deg. with each other. These
are simple loop antennas, each emitting waves of maximum intensity
in its plane and minimum at right angles thereto. Along the line form-
ing the bisector of the maximum radiations from the two antennas the
intensities of the radio waves from the two are equal. Off this line, on

Deviation from Course in Degrees
20 18 i6 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20

)
Reed A, Tuned to 86.7~-" . Reed B, Tuned to 65~

F1a. 434.—Relative change in amplitude of vibrating reeds for various deviations from
the true course. When pilot is on the course, reeds A and B vibrate with equal
intensity.

either side, one of the two waves is stronger than the other. An airplane
may, therefore, follow a course along the bisector referred to, provided
the two sets of waves can be distinguished from each other. The
beacon modulation frequencies are 65 and 86.7 cycles per second, and
each reed in the receiver is tuned to each of these two numbers.

The visual beacon can be employed with any receiving set which
operates at the frequencies used, by merely connecting the reed indica-
tor in the receiver output. The only special requirement is that the
audio-frequency amplifier be designed to operate efficiently at the low-
modulation frequencies used in the beacon, which is common practice
in receiver design. Aircraft receiving sets are now commercially avail-
able which fulfill this requirement.

It is desirable that a receiving set used for the reception of the
visual beacon signals have as high an undistorted power output as pos-
sible. Since the reeds are practically immune to interference, atmos-
pheric and other disturbances will not affect their operation unless of
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sufficient strength to overload the receiving set. The greater the over-
load point of the receiving set, the greater will be the range of the
beacon during severe interference.

The incorporation of an automatic volume control is highly desirable,
since such a device would still further reduce the effort on the part of a
pilot using the beacon signals. Automatic volume control is possible with
the visual beacon system, since the two distinguishing modulation fre-
quencies operate continuously. Without the automatic volume con-
trol, the operator of the set on flying toward the transmitter must
reduce the volume which increases constantly as the plane approaches
the terminal, or in flying away from the station the volume must be
increased as the plane goes farther and farther away in order to keep
the signals of value at all times.

Flying a Course.—To make the use of the receiver as simple as
possible, a plug-in arrangement is provided so that the relative position
of the two tuned reeds of the indicator may be reversed by turning the
indieator upside down. Reference to Fig. 433 will indicate the purpose
of this reversal. Suppose that a pilot is filying away from the beacon
on either course A or C. If he deviates to the left of his course, the
amplitude of the 65-cycle reed will increase and that of the 86.7-cycle
reed will decrease. A deviation to the right of the course results in an
opposite effect. It is desirable, therefore, to place the 65-cycle reed on
the left of the 86.7-cycle reed in order that the pilot may observe the
simple and instinctive rule—longest reed shows side off course—turn to
the shorter reed. When flying to the beacon, however, this rule holds
true only if the relative position of the reeds is reversed, the 65-cycle
reed being now on the right of the 86.7-cycle reed. Consider, now, the
two 90-deg. courses, B and D. On these courses the relative position
of the two reeds, in order to make the rule just stated apply, is exactly
the reverse of that for courses 4 and C, whether flying from or to the
beacon. To distinguish between the two sets of courses (4, C and B,
D) a color system may be adopted on the airway maps, 4, C being in
one color, and B, D in another. A shutter is mounted on the front of
the reed box which exposes either one color or the other. When set to

TO
the first color the words FROM are exposed, whereas when the shutter
FROM
is set to expose the second color, the words TO are exposed. The
pilot then sets the shutter to the color of the course to be flown and
plugs in the course indicator in order that the direction (with respect to
the beacon) which he is to fly is right side up. The simple rule already
stated then obtains. .
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Pointer-Type Course Indicator for Use with Visual-Type Radio
Range Beacon.—The following data on the pointer-type course indicator
are presented through the courtesy of the Aeronautics Branch of the
Department of Commerce. Pilots may find this indicator more con-

REVERSING SWITCH

F16. 435.—Diagrams of dials and switch

used in connection with the pointer-type

course indicator for the visual type
radio range beacon.

venient than the regular reed indi-
cator with its two white lines, de-
seribed in foregoing paragraphs,
The pointer-type indicator has the
same freedom from radio interference
and static as the regular reed indi-
cator.

The complete device consists of
a reed converter, a rectifying unit,
the indicating instruments, and a
switch. The portion of the device
which the pilot sees is shown in Fig.
435, the reed converter and reotifier
units being placed in any convenient
location on the airplane. The top
instrument of Fig. 435 is the course
indicator. The pointer of thisinstru-
ment remains at center when the
airplane is on the course, and swings
to the right or left as the airplane
deviates from the course. It does
this by means of the difference in in-
tensity of the two modulation signals
received from the beacon. Since the
two modulation signals are equal
when the airplane is on the course,
the course indicator then reads zero.

The course-indicatinginstrument
alone would not show any effect if
the beacon signals should stop or
the receiving set fail, and as the
instrument continued to read zero
the pilot might be deceived into

thinking his course was still being indicated. The second instrument,
shown in Fig. 435, indicates the volume of the received signal and elim-
inates the possibility just mentioned. The volume indicator has essen-
tially the same function as the loudness of received signal in reception
of the aural beacon or the reed vibration amplitudes in the reception of
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the visual beacon by means of the regular reed indicator. As a result,
in addition to its function as already outlined, it also facilitates tuning of
the receiving set and controlling the intensity or volume of the received
signal when automatic volume control is not used.

The purpose of the switch shown in Fig. 435 is to assure that the
deflection of the pointer of the course-indicating instrument is in the
same direction as the deviation of the airplane from the course. The
pilot sets the switch dial to point to the color of the course to be fol-
lowed and the proper direction of flight relative to the beacon (TO or
FROM).

Function of Reed Converter.—In the reed converter, which is the
heart of this indicator, the motion of the two vibrating reeds is utilized
to induce voltages in two pick-up or generating coils. These voltages
are then rectified by means of copper-oxide rectifiers and the rectified
voltages applied in opposition across the terminals of the pointer-type
course-indicating instrument. The con-
struction of the reed converter is indi-
cated in Fig. 436. One element of the
complete reed converter is shown, two
of these elements being required for the
four-course indicator and three for the
twelve-course indicator. The reed, S,
which is tuned to one of the modula-
tion frequencies of the radio range rig. 436.—Construction of a reed
beacon, is driven by means of the two converter.
driving coils O and P, through which the
beacon signals in the receiving set output are made to pass. The
motion of the reed generates a voltage in the pick-up coils @ and R, the
frequency of this voltage being the same as the frequency to which
the reed is tuned. The magnitude of the induced voltage is propor-
tional to the amplitude of vibration of the reed and, consequently, to
the intensity of received signal of that frequency present in the receiving
set output. .

The reed is wider than in the conventional reed indicator so that it
may project under the driving and pick-up coils at the same time.
Two permanent magnets are employed to prevent setting up a common
magnetic path whereby the pick-up coils would have direct induction
from the driving coils even if the reed were at rest. This would result
in broadening of the beacon course and also in operation of the course
_indicator by atmospherics and other interfering signals. Although the
reed serves as the common return path for the two magnetic systems,
its width is such as to prevent reaction between them.
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Circuit Arrangement.—The electrical circuit arrangement for the
complete device when employed in reception on a four-course beacon,
using 65- and 86.7-cycle modulation, is shown in Fig, 437. The voltages

Receiving Set

. . o Q
Driving Cm\ls /,Driving Coils
A s
Pick - Up Coilf. -~ Pick - Up Coils
A}
)
- J
Q 1<) o} o
A B

Volume Indicator o o] o 4 Course Indicator

RS
B
)—\ J
A

[~+—~~ Reversing Switch

F1a. 437.—Electrical circuit arrangement for a complete visual type radio range
beacon device.

generated in the converter pick-up coils are rectified by means of
copper-oxide rectifiers A and B. The rectified output voltages are
applied, in opposition, across the terminals of the course-indicating
instrument through the reversing switch. The purpose of the re-



PRINCIPLE OF “BENDING” RADIO BEACON BEAMS 869

versing switch was explained in the foregoing text. The volume-
indicating instrument is connected to read the sum of the output
currents from the two rectifier units. The best combination of instru-
ments found in the laboratory and flight tests carried on by the Depart-
ment of Commerce is a 250-0-250 microammeter for the course
indicator and a 0-500 microammeter for the volume indicator.

The reed converter device has very nearly the same sensitivity as
the regular reed indicator when adjusted to give equivalent course
sharpness. The stronger the signal delivered to the reed converter
from the receiving set output, the sharper the course indications become.
- This feature has an important bearing upon the use of the reed con-
verter, since, if the signal intensity is maintained at too high a level,
the pointer of the course-indicating instrument may deflect off scale
for too small a deviation from the course. Sense of deviation from the
course beyond this value is then lost. With the 250-0-250 micro-
ammeter used as the course indicator and the input signal to the con-
verter maintained at 4 milliwatts, the full width of the beacon space
pattern may be utilized. At this signal level the sharpness of the
course indications is equivalent to that obtained with the regular reed
indicator.

Principle of “Bending” or *Shifting” Radio Beacon Beams.—It
is well known that a simple loop has directive properties and, therefore,
the signals it sends out will be strong from one side and weak from
another, This unequal distribution of radio energy in the field set up
around an active loop antenna system would be detected by making
tests with a portable receiving set. To illustrate this difference in
signal intensity we use circles such as those shown in the drawings
of Figs. 438, 439 and 440. A simple loop emits a wave of maximum
intensity in a direction in line with its own plane and minimum at right
angles thereto. Fig. 438 explains this as follows: Circles C1 and C2
show that the energy radiated by the “A” loop is maximum in an
up-and-down direction looking at the page and minimum in a direction
across the page. This same relationship exists for the “ N’ loop,
its directive properties being shown by circles €3 and C4. These
circles and heart-shaped curves illustrating relative intensity of radio
waves in space are known as ‘‘ field patterns.”

The effect of normal radiation of the crossed loops of a radio range
is pictured in Fig. 438; here we see four courses provided at 90 deg.
apart since the r.f. current in each loop is the same and, hence, the radi-
ation is the same. Remember that in the aural system a course or
radio beam occurs in a line along which energy in the “A” signal and
“N ” signal are equal, these locations being marked by heavy dots on
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the circles. Engineers of the Airways Division have worked out two
methods for bending the beams the desired amount to line them up with
established airways. One method for obtaining the desired effect is to
insert a suitable resistance in either loop to increase or decrease the r.f.
current in the loop; this produces courses as shown in Fig. 439. Another
method consists of supplying the circular radiation of a vertical wire
antenna in addition to the radiation of the loops. A vertical antenna
has no directional properties; it radiates equally well in all directions
and, hence, its energy acts on the loop energies to produce an effect
as shown in Fig. 440. Comparing the three drawings which are
largely self-explanatory, note how the field patterns differ in every case,
and that wherever the “A” and ‘“N” signals are equal a course is
produced. Since the beams are only a few degrees wide and travel in

On These Four Courses Original Courses 90° Apart, Original Course.
the Long Dash is Fony;ed / ‘ Y \
by the Uniting of the Two ! This Course Shifted \

Letters of Equal Strength i by Reducing Current 5
(A & N Signals of Equal Strength) / in “A” Loop H
/Courses 90° Apart., ! L
! Fuold Pamm .
J \4 &V ¥ .
X o
Pan :

“of “N" Loop

-- Letter “N'
Transmitted
on this Loop
N
s N /'
Field Pattern of
“A" Loop Energy Added
Inserting Resistance to the Vertical Antenna
Fic. 439 Fia. 440

Figs. 438, 439, 440.—Illustrating the principle of bending or shifting radio beacon
beams as a means of guiding aircraft along a charted course.

a line outward from the beacon for a couple of hundred miles, then
the closer an airplane is to the beacon the narrower and sharper the
beam becomes. The beams are about 7 to 10 miles wide at a distance
of 100 miles from the radio range beacon.

Radio Range Transmitter.—The transmitter illustrated in Fig. 441
is used for radio range service at the Airways Radio Station at Hadley
Field, just outside of New Brunswick, N. J. A transmitter of this
kind may also be used at airports for point-to-point communication or
for communication from airports to aircraft. Of special interest are
the goniometer and the two loop tuning units shown mounted on the
wall which are built into metal frames and completely shielded. An
antenna ammeter is provided in each tuning unit for use in tuning the
antenna loop with which it is used. Observe how the four lead-in con-
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ductors which connect to the crossed-loop antenna system pass out-of-
doors through glass insulators installed in the two panels on the wall.
For radio beacon work this range equipment will ordinarily use only
tone modulated telegraphy, this being accomplished by modulating the
transmitter through the regular audio system included in the modulator
unit, using an audio-frequency oscillator for obtaining the desired fre-
quency. When radio telephone transmission is used for broadcasting
weather service the high frequency generated by the transmitter is
modulated by the voice frequencies passing to it from the microphone
and the modulator circuits.

&

F1c. 441.—This transmitter, installed at the Airways Radio Station at Hadley
Field, N. J., is used exclusively for radio range service.

Airport Radio Telephone and Telegraph Transmitter.—Inasmuch
as the various air transport companies, or airway systems as they are
sometimes called, are engaged in flying the mails and carrying passengers
and cargo they necessarily have certain obligations to meet in safeguard-
ing the lives and property of those who use this modern method of trans-
portation. Also, the service rendered must be reliable to retain the
support of the flying public and this requires that established schedules
be maintained day-in and day-out and often under the most unfavorable
weather conditions. It is easy to appreciate, therefore, that an airways
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system can facilitate the handling of traffic which includes, among other
things, the arrival and departure of its planes, by employing radio for
communication purposes at airports or terminals under its control.
A typical radio transmitter for use at airports is described in the follow-

F1a. 442.—The RCA type ET-3666 telegraph and tele-

phone transmitter for use at airports. The radio-fre-

quency unit is the left-hand section of the transmitter;
the modulator is on the right.

telegraphic transmission only, and it is by
modulator unit that telephone transmission is

ing paragraphs. The
transmitter, which is
the RCA model ET-
3666 and pictured in
Fig. 442, consists of
two main units, the
unit at the left being
the radio-frequency
portion of the set, and
the one at the right
the modulator.

The equipment
for a transmitter of
this type includes
other apparatus not
shown in the photo-
graph such as a tele-
graph key, start-stop
switch, send-receive
switch, microphone,
storage battery, and
so on. When con-
nected to a suitable
antenna system the
output of the power
amplifier will deliver
200 to 350 watts of
continuous wave
(e.w.) radio-frequen-
cy energy. It is to
be noted that such a
transmitter provides
continuous wave
the addition of the
also made available.

This airport transmitter operates in the low wavelength or high-fre-
quency band. Itsradio-frequency circuits cover a continuous frequency
range of from 2000 to 6000 kilocycles which, in terms of wavelength,
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represents a band from 150 to 50 meters. When special coils are used in
the transmitter, the r.f. circuits will cover a still lower waveband, or
one extending from 5900 to 17,200 kilocycles, which is 54 to 17.5 meters.

By employing the master oscillator-power amplifier type of radio-
frequency circuit the signals radiated by the antenna are kept at prac-
tically a constant frequency, that is to say, the signals will not waver
appreciably above or below the assigned frequency. This condition
is to be desired in any transmitter because the operator at the receiving
station can copy a code message or listen to a spoken communication,
depending upon which method of transmission is used at the time,
without the annoyance of occasionally readjusting his tuning dials. Fur-
thermore, frequency stability in a transmitter tends to lessen or prevent
interference between stations in congested wavebands, and especially
those which are assigned to aviation. The allowable difference between
the frequency assigned and that actually transmitted is governed by the
waveband and the class of radio service—broadcast, marine, aviation
and so on.

The special features of the control circuits of this airport set are
given in the following paragraphs. The transmitter is provided with a
local ‘‘ start-stop ” switch which is mounted on the front of the trans-
mitter panel and, in addition, an external ‘ stop-start’ switch from
a remote point can be connected in parallel with the switch on the
panel to enable the operator to control the set from one or the other
of these two switches. When the ¢ start-stop ”’ switeh is placed in
the * start >’ position, voltage is applied to the filaments of the radio-
frequency and rectifier tubes and also to the delay action relay. The
relay contacts control the d-c. supplied to the plates of the tubes. It
is necessary to have a delayed action relay to prevent the load of the
plate circuits from being thrown on the rectifier tubes until a certain
time has elapsed after applying filament voltage to the tubes. A time
interval of about thirty seconds in the operation of the relay between
the closing of the filament circuits and the plate circuits is sufficient to
provide proper protection for the rectifiers.

The transmitter includes a * send-receive " relay controlled by a
‘“ send-receive ”’ switch for transferring the antenna and ground con-
nections from the transmitter circuit to a receiver, when a receiver is
located close to the transmitter. This “ send-receive ” switch inter-
locks the coil of the main plate contactor in such a way that plate voltage
is not supplied to the rectifier tubes excepting when the ¢ send-receive ”’
relay is in the ““send ”’ position. The control circuits also include a
main power switch which serves to remove all power from the various
transmitter circuits with the exception of the 6-volt storage battery

2
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circuit. The transmitter is keyed for telegraphic operation in the usual
way by means of a telegraph key generally placed on the operator’s
table. A test key located above the power control switch on the trans-
mitter panel has its contacts in parallel with the contacts of the tele-
graph key. The test key is used for convenient operation while the

transmitter is being adjusted to any desired frequency within its band."

The power supply from an electrical transmission line required for
operating this equipment is 220 volts a-c., 3 phase, 60 cycles. This
includes all power for operating the transmitter and rectifier circuits,
with the exception of a small amount of energy supplied by a 6-volt
storage battery for the keying relay and mierophone.

In the photograph in Fig. 442, the screen doors of both the trans-
mitter and modulator units are open, which permits a clear view to be
had of the vacuum tubes used in this set. Note that the r.f. circuits of
the transmitter unit utilize four-element UX-860 screen-grid tubes;
there is one UX-860 tube used as a master oscillator and two
UX-860’s as power amplifiers. In the power circuits six UV-872 tubes
are used as rectifiers. A plate transformer which connects to the 220-
volt a-c. line supplies power to the rectifiers. The tubes required to
accomplish telephone operation are in the modulator unit at the right
and they consist of one UX-860 used for a speech amplifier and two
UX-849’s for modulators.

Note that the indicating instruments located at the top of the
transmitter panel consist of a plate ammeter, antenna ammeter, plate
voltmeter, and filament voltmeter. Directly below this set of instru-
ments, and to the right of the panel, is located the control for the antenna
tuning capacitor; below this is the control for the power amplifier tuning

capacitor, and directly to the left of the latter is the control for the

master oscillator tuning. capacitor. Observe that below the tuning
controls just mentioned are the master oscillator and power amplifier
tubes. On the control panel located below these tubes are the power
switch, the filament rheostat control, the test key, the internal stop-
start switch, and the main line switch. In the bottom compartments
below the control panel are seen the rectifier tubes and the terminal
board, the various relays and contactors.

At the top of the modulator panel are the plate ammeter and filament
voltmeter, and below these are three tumbler switches which make it
possible to read the individual or collective plate currents of the audio
tubes. It should be mentioned that whenever a remote station is
operated in conjunction with a main airport station and they are at a
considerable distance from each other, a line amplifier will be required
to boost up the strength of the audio currents in the microphone circuit

[
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to a suitable value for operating the audio amplifiers in the modulator
unit.

100-Watt Aircraft Radio Transmitter.—The principal units of a
typical aircraft transmitter installation consist essentially of a trans-
mitter, a reeeiver, a filter unit, a control box, an antenna ammeter, an
antenna reel with 300 ft. of wire, headphones and microphones. Also,
an air propeller and double-current generator called a wind-driven
generator, or a dynamotor and storage battery are required to supply
the necessary operating voltages to the set. A receiver would get its
power supply from the same source as the transmitter. In Fig. 443

Complete 100 Watt
Airplane Transmitter
e,

L

Loading Unit for
Tuning to be Used Modulation
Only with a Fixed Button
Antenna C.W.- Phone \
Switch \
Send- \' |

| Receive \ \
Switch

Phone Jack / Microphone
Larpieces of Phones Key Jack
To be Insertad in z 2
Operator's Helmet Contro! Unit Send - Receive Swilch

F1a. 443.—Showing the separate units of an airplane transmitter, RCA model
ET-3653-A.

we see the separate units of an airplane transmitter, the different com-
ponents being clearly marked for identification. These units are dis-
tributed about the fuselage of the plane in any convenient location and
only the control unit and jack box and antenna ammeter need be within
reach of the pilot or operator. The control unit in the photograph is
for the RCA model ET-3653A radio aircraft transmitter to provide
two-way communication with stations on the ground.

The explanations following will give a good idea of the special fea-
tures concerning a typical light-weight and compact aircraft trans-
mitter. By careful design, a complete unit for combined telephone
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and telegraph transmission has been produced which weighs only about
281b. Figs, 444 and 445 show the transmitter unit with covers removed.
These interior views show the special form of one type of compact air-
craft transmitter. Note in Fig. 444 how all of the four tubes are
mounted on one side of a vertical partition or panel which runs length-
wise of the set. In Fig. 445 showing the rear view, note how the different
parts which are required in the generation of high-frequency current
are supported. The parts include the antenna coupling transformer,
neutralizing condenser, several fixed condensers, the master oscillator

g

Fia. 444.—A view of one side of the RCA type ET-3653-A airplane transmitter,
with protective frame removed.

tuning inductance, resistors, and so on. This form of construction
makes the parts easily accessible for inspection, testing and servicing,
which is important in aircraft radio maintenance. A special cable
form with disconnector blocks permits the transmitter to be quickly
disconnected from the power source.

The circuits of the transmitter function in a manner similar to other
transmitters in that they convert the electric power output from a gen-
erator into a form which, when connected to an antenna, will produce
the radiation of radio waves. Now refer to the schematic diagram of
this- transmitter in Fig. 446. The master oscillator-power amplifier
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type of circuit with a Hartley oscillator is shown in the diagram. In its
circuits is generated the carrier frequency that is delivered to the
power amplifier whose output in turn feeds the antenna system by means
of an antenna transformer. Antenna tuning is accomplished by chang-
ing the length of the trailing wire, after the desired frequency has been
set on the master oscillator. In order to make it possible for the
operator to adjust the antenna tuning satisfactorily, a small meter for
indicating resonance, called an antenna ammeter, is coupled to the
antenna circuit through a transformer. The meter is mounted conven-

F16. 445.—Another view of the ET-3653-A airplane transmitter, with protective
frame removed.

iently within sight of the pilot or operator. It is provided with a 0-5
ampere scale and is operated from a thermocouple so that no radio-
frequency current is carried by the leads connecting the meter to the
transmitter. The meter tells at a glance when the antenna is properly
resonated and normal antenna output is obtained.

There are {two methods of signaling provided by this transmitter—
radio telephone and continuous wave (c.w.) telegraph. Radiophone
communication is effected by means of an anti-noise microphone,
microphone transformer, and modulation reactor, using the Heising
or constant current system of plate modulation.
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In brief, the reactor, marked M on the schematic diagram, keeps the
direct current supplied to the plates of the modulator and power
amplifier at a substantially steady value, and the audio current in the
microphone circuit causes variations in the plate current passing
through the tube by varying its grid voltage through the resistance
coupling unit, marked R1, R2, and C. In addition to the microphone
and output windings, the microphone transformer has a side-tone
winding which is connected across the headphones of the two operators
and across the receiver output. The purpose of this is to allow the
headphones to be used for interphone communication between the pilot
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Fi1g. 446.—Schematic diagram of the ET-3653-A airplane transmitter.
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and co-pilot, or operator at all times on board the aircraft, and also for
listening-in on what is being transmitted over the radiophone and for
the reception of incoming radio signals without the necessity of switch-
ing any headphone connections.

Telegraph communication is obtained by means of a manually oper-
ated key, the tubes being biased to cut off when the key is up, and
normal bias and consequently normal output being obtained with the
key depressed. There is no radiation from the transmitter when the
key is up, since plate current is then zero.

For aviation purposes a special air-tight telegraph key is used which
eliminates all possibility of sparking contacts igniting fumes. Also, it is
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necessary to use a;1 anti-noise microphone similar to the type shown in
Fig. 443, this being constructed so that motor and propeller noises will
have practically no effect on it, but when the operator speaks directly
into it the diaphragm will be actuated and his voice will be transmitted.
The control box unit shown connected to the aircraft transmitter con-
tains switches for changing from *“ send” to ‘ receive” and from
“ ¢c.w. telegraphy ”’ to “ telephony,” and the necessary jacks for insert-
ing the plugs attached to the key, microphone, and headphones.

In regard to the waveband covered by this 100-watt transmitter it
should be mentioned that transmission can be effected on either of two
frequency ranges, namely, 2250 to 2750 ke, (109 to 133 meters) and 316
to 600 ke. (600 to 950 meters). With the radio-frequency circuits
adjusted for the latter band, either a trailing antenna or fixed antenna
may be used.

Power Is Obtained from a Wind-Driven Generator or a Dynamotor.
—In connection with aircraft transmitters the voltage supply for the
various circuits offers special problems. At the present stage of develop-
ment of aireraft radio the transmitters and the receivers used in the larger
type planes normally obtain their power supply from a wind-driven
generator or a dynamotor which is fed from the plane’s storage battery.
The battery usually is a 12-volt landing light battery and is kept in a
charged condition by a wind-driven generator. The dynamotor method
makes it possible to transmit when a plane is not in flight, which would
be especially advantageous to a pilot in case of a forced landing. A
wind-driven generator is mounted outside the plane, usually on a strut,
and is driven by a single blade propeller which is self-adjusting so that
it maintains the speed of the generator at about 4000 r.p.m. This
regulating feature is due to the centrifugal force developed with
increased speed which acts on weights so placed as to cause the blade
to turn through an angle of pitch. An advantage of this type of drive
is that constant voltage is maintained under varying flying speeds. In
brief, the torque component acting on the blade overcomes the torque
of the generator.

A wind-driven generator for the 100-watt transmitter just described
would have a high-voltage winding, marked H.V. in Fig. 446, which
would deliver 0.4 ampere (400 ma.) at 1000 volts d-c. for plate and bias
voltages, and also a low-voltage winding, marked L.V., which would
supply 12 volts to the tube filaments. However, if a dynamotor were
used the tube filaments would be connected to a 12-volt landing light
battery which puts a drain on the battery of about 64 amperes, and the
dynamotor would furnish the required plate potential. A retractable
generator is one that can be swung into the fuselage when not in use.
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“ Ignition Shielding ” and ‘ Bonding ” in Airplanes.—Many obsta-
cles had to be overcome in aircraft construction before it was possible
to eliminate interference which prevented clear radio reception. The
most noticeable disturbance comes from the ignition wires leading from
the magneto to the spark plugs. This is due to the electromagnetic
waves which are radiated by the conductors forming a circuit wherein
an electrical spark occurs, such as magnetos, for example, which gen-
erate the high voltage for the spark plugs. To reduce this difficulty to
a negligible amount the ignition cables are covered with a copper-wire
braiding which is suitably grounded. In many cases it requires shielding

VERTICAL ANTENNA — J

Fi1a. 447.—Showing how the vertical-pole type antenna may be installed on an
airplane. This type antenna is usually employed for reception only.

of spark plugs by means of special copper shields to reduce radiation
by the plugs themselves.

All airplanes on which radio communication equipment is to be
installed must be thoroughly bonded. The term bonding means that
all metal parts of the airplane are connected by electrical conductors
which are attached during the process of manufacture, this being done
to eliminate the danger of sparks between metal parts.

Aircraft Antennas and Equipment.—Considerable experimentation
is being conducted to find a type of antenna most suitable for aircraft
radio transmission and reception. There are, in general, two types of
antennas in use; namely, the fized antenna and the trailing antenna.



AIRCRAFT ANTENNAS AND EQUIPMENT 881

One type of fixed antenna, the vertical type, is shown in Fig. 447 on a
monoplane which carries mail. A vertical antenna is known also as a
pole antenna or strul antenna.

- Many planes use the fixed type antenna which may be erected
either in a vertical or horizontal position between the wing tips, or in
some other manner, and although this type has proven good for receptlon,
it nevertheless limits the transmission
range. As the name implies, the
trailing type floats under the plane
while it is in flight and, therefore, it
must be reeled out after taking off
and later reeled in before a landing
is made.

Under ordinary flying conditions
and at the wavelengths used in Fia. 448.——The. trailing w_ire antenna is
. . . s used on many airplanes to increase trans-
aerial navigation, it has been found mission range.
that a trailing wire (Fig. 448) of
100 or 200 ft. is a far better radiator of electromagnetic waves than a
short fixed wire of perbaps only 6 to 50 ft. or more in length. The usual
practice in antenna construction is to employ a fixed type for a one-
man plane because here the pilot is also the operator and he ecannot
conveniently handle an antenna reel. In a one-man plane if only radio-
reception is desired the vertical-pole type usually answers the purpose,
but where two-way communication is to be carried on, a greater range

Antenna
inductance

Fia. 449.—Showing two types of horizontal fixed antennas installed
on airplanes for two-way communication.

can be covered by using either of the horizontal fixed types shown in
sketches 4 and B, Fig. 449. Sketch 4 shows antenna conductors sup-
ported by insulators and stretched from the wing tips to the rear of
the fuselage to form what is called a doublet. The conductors join two
other wires called transmission lines, which terminate at either end of
the antenna inductance of the radio transmitter. In sketch B a slightly
different form is used which may be classed with a T-type antenna
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since the two conductors are connected at the rear of the fuselage near
the fin and are spliced at this point with a wire which we ordinarily
call a lead-in; the latter wire runs to one end of the antenna inductance
and from the other end of the inductance a ground connection is made
at some metallic part of the
plane. The name dipole is often
given to an antenna of this type.
It is to be remembered that the
long trailing wire increases the
transmission range to more than
twice that of a fixed antenna.
If a radio transmitter is to be
operated with a trailing wire
antenna then an antenna reel
and guide must be installed in
the pilot’s cabin of the airplane.
An insulated reel like the one
shown in Fig. 450 has been de-
veloped for use in paying out and
drawing in the trailing wire an-

i g tenna. The reel may be installed
Fia. 450.—In§ulated reel mstall(.ad on air- gt any place in the fuselage con-
craft for paying-out and drawing-in the
trailing wire antenna—Western Electric

type.

venient. for the pilot or operator.
It is equipped with a centrif-
ugal brake to maintain uni-
form speed in paying out the antenna, and also a friction brake
which holds the antenna to any given length, and a dial which gives
approximate readings in meters indicating the length of the antenna
wire out at any time. The antenna wire, which is usually of copper-
clad steel and about 300 ft.
long, runs from the reel and
passes out through the fuse-
lage by way of an insulating
tube, called a fairlead. A

: 3 Fi1g. 451.—This fairlead, manufactured by the
clamp hO]d? the tubing in Western Electric Company, is an insulated tube
place where it passes through which permits the antenna wire to pass through
the floor of the plane. The the fuselage of an airplane.

reel and the fairlead or
guide, which projects above and below the floor of the fuselage, are
shown in Fig. 451.

There is a chamber at the top of the guide containing a steep-
pitched pulley wheel which grips the antenna tightly, thus insuring a
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good contact at all times. An insulated antenna lead from the trans-
mitter passes through an opening in the side of the chamber and makes
positive brush contact with the axle of the pulley wheel over which the
antenna passes. At the lower part of the photograph in Fig. 450 can
be seen the knob on the crank which is used to reel in the wire when a
landing is to be made, and at the top is shown the brake lever for locking
the reel against rotation. A small weight attached to the remote end
of the wire keeps the wire floating or trailing properly when the plane is
in flight. :

There is always a compromise to be made when one chooses between
an antenna of the fixed type with its limited range of radio communi-
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Fia. 452.—Phantom view showing the arrangement of a typical aircraft radio
installation which provides for two-way communication.  Courtesy Western
Electric Company.

cation and an antenna of the trailing type. In one case the antenna
is always in a fixed position and, therefore, requires no attention on the
part of the pilot or operator, whereas, in the other case, the antenna
does require a certain amount of attention. However, regardless of
what type is used for aircraft, special care must be exercised to prevent
the wire from becoming detached or breaking off in flight, which might
possibly result in its becoming entangled with the control cables of the
plane. It is quite obvious that if the control cables ever became
fouled from this cause a serious catastrophe might result.

If it is desired to use a fixed vertical antenna in preference to the
trailing wire, this may be accomplished by using a tuning unit designed
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to couple the transmitter into the antenna. By referring to the phantom
view of a complete two-way aircraft communication system in Fig. 452
one can grasp the idea of how a vertical antenna may be mounted
permanently midway between the fuselage and tail.
The advantages and disadvantages of the fixed antenna and the trail-
ing antenna are:
Fixed Antenna:
(1) Less flexible as to tuning.
(2) Takes up space in hangar. A pole antenna is about 6 ft. high.
(3) Possibility of fouling wires in event of breakage in flight.
(4) Less range for given power.
(5) For reception it has practically no directional tendencies.

Trailing Antenna:

(1) Less ignition interference in receiving.

(2) Transmitting range at least twice that of fixed antenna.

(3) Possibility of using the antenna itself as the tuning agency.

At this point it should. be mentioned that, in the case of the 100-
watt transmitter previously described, when it is to be operated in the
high wavelength band from 600 to 950 meters, an antenna loading unit,
like the one in Fig. 443, is used so that the antenna can be resonated
properly without requiring a very long trailing wire. It is estimated
that about 225 ft. of wire is sufficient to cover this band. Of course,
in the lower band, from 109 to 133 meters, this unit is not required.

Grounds.—The student invariably asks the question, “ Where is
the ground made on an airplane?” The answer to this is simple.
A ground is made in the most convenient manner to some metal part of
the plane such as .a pipe, a strut, or crossbar. Since all metal parts
that enter the construction of a plane are bonded, then everything
metal about the plane represents the ground. No specific recommen-
dations can be given in this matter since conditions vary in different
planes, but in general the ground is made by means of a braided copper
wire attached to an approved ground eclamp which is bolted to the
metal part selected after the surfaces have first been thoroughly scraped
and cleaned to make a good electrical contact between the clamp and
the metal part.

RADIO RECEIVERS USED IN AVIATION

As explained in the early part of this chapter, practically every
one-man plane engaged in scheduled flying is equipped with a radio
receiver, called a beacon receiver, because it is used solely by the pilot
to pick up directive radio range beacon signals, weather broadcasts,
and other information transmitted by the airway stations. This kind
of information is practically all that a pilot requires to be able to fly
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a chosen course with the least delay and with greatest safety. With a
beacon receiver and visual system indicating device in operation the
pilot may watch the reed indicator and also listen to either the radio
range signals or the broadcast information, since these services are
transmitted on the same frequency. In foggy weather when the visi-
bility is poor and a pilot cannot see landmarks he is then forced to rely
on beacon signals to fly along a course and arrive safely at his landing
field. Herein lies radio’s greatest usefulness to pilots in flight.
However, in addition to the beacon receiver, an air-transport plane
will generally have a second receiver, called a communication receiver,
operated in conjunction with a transmitter for use in two-way com-
munication between the pilot in flight and ground terminals. Although
both types of receivers, beacon and communication, are operated on
different frequency bands, yet the receivers have the same general
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Fia. 453.—Schematic diagram of an aircraft beacon receiver consisting of three
stages of tuned radio-frequency amplification, a detector, and two stages of
audio-frequency amplification.

features in that screen-grid tubes are employed and the sets are made
extremely light in weight and are designed to stand up under extreme
vibrations and severe shocks encountered during heavy landings.
Their compact construction enables them to be installed in any avail-
able space in the plane, hence the remote control unit with headphones
and tuning knob only need be mounted within reach of the piloft.
Aircraft Beacon Receiver.—This receiver, like all others, contains
everything necessary to convert the radio-frequency signals picked up
by the antenna into audio-frequency signals. A glance at the schematic
diagram of the beacon receiver in Fig. 453 shows that it consists of three
stages of tuned radio-frequency amplification, or four tuned circuits, a
detector, and two stages of audio-frequency amplification. Note that
resistance coupling is used between the detector and the audio-frequency
stages and that it employs plate rectification method of detection.
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The radio-frequency stages employ type 222 screen-grid tubes, and in
the detector and first stage of audio-frequency amplification type 240
tubes are used. Either a 112-A or 171-A tube is used as the second-
stage audio or output tube. The circuit layout is arranged for modu-
lated signals, no provision being made for receiving signals from con-
tinuous wave transmitters. In the radio-frequency circuits use is
made of tuned impedance coupling between the 222 tubes, an arrange-
ment which makes possible four tuned circuits. A gang condenser is
used for the four tuned circuits; it is tuned by a single continuously
variable tuning control. Owing to the splendid amplifying properties
of the screen-grid tubes and.design of the circuit the overall gain in
voltage amplification will vary between one million and seven million.

ist AF.-240 Detector- 240 . RF Tubes
\ \ Screen Grid- 222

Airplane Bescon Receiver

F1c. 454.—The chassis of RCA model AR-1286 radio beacon receiver for aircraft.

The volume control arrangement provided to adjust the overall gain
is a potentiometer control of the screen-grid voltage, the potentiometer
being located in the remote control unit.

Refer to Fig. 454. This photograph shows the chassis of a beacon
receiver as it appears after removal of the cover. Note how the different
stages are placed in shielded compartments and also the connector block
at the left which provides a convenient means for detaching the power
leads from the receiver when servicing the set. In the four shielded
compartments directly to the rear of the vacuum tubes are four variable
tuning condensers; these cannot be seen in the photograph. The tubes
are protected against vibration by spring sockets and ‘‘ rubber foam ”
skirt vibration dampers.
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The beacon receiver under discussion is model AR-1286 (RCA) and
is designed for operation with a pole antenna. The antenna consists of
about 6 ft. of insulated wire which passes through a stream-lined wooden
mast, or in some installations the antenna itself is an all-metal mast
which is thoroughly insulated where it enters the fuselage; this type is
usually erected back of the pilot’s cabin. The receiver parts are prop-
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F1a. 455.—An RCA radio beacon receiving installation for aircraft which
provides for remote control operation.

erly cushioned so that they will stand up under excessive vibration and
shocks due to heavy landings. The photograph in Fig. 455 gives a
good idea of the special features involved to provide remote control
operation in radio receivers designed for aircraft. The receiver and
battery supply unit can be located wherever space is available but the
remote control box must be mounted within easy reach of the pilot or
operator. A flexible steel shaft which runs through tubing and the
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shielded conductor cables serves as the connecting link between these
parts. The tubing is made long enough to reach from the set to the
remote control box, and high-gear ratio is used on the shaft to reduce to
a minimum the “twist’’ and ‘“‘back lash”’ which otherwise might cause
difficulty when tuning. The electrical connections necessary between
the receiver, the remote control box, and the battery box and landing
light battery are made through shielded conductor cables with suitable
plugs and jacks at each end for ease in attaching and detaching. ’

It can be seen in the photograph that the remote control box in-
cludes an ““ On-Off ” switch, a volume control, a tuning control with
calibrated dial and a headphone jack. The indicating dial is equipped
with a set of adjustable stops so that the tuning may be limited to a
given band, the two pointers being provided so that the operator may
mark certain settings if he desires. It is interesting to mention that
all the important letters and figures on the panel are filled in with a
luminous paint compound to allow the dial markings to be easily read
during night flying.

This beacon receiver requires a filament or “A” battery supply of
6 volts, a plate or “ B " supply of 45 and 135 volts, and a bias or “ C”’
battery supply of 1.5, 3, and 9 or 27 volts, depending on whether a
112-A or 171-A tube is used in the output stage. Since it is customary
to obtain the filament supply from the aircraft’s landing light battery
a series resistor of suitable value must be inserted in this circuit to drop
the 12 volts delivered at the battery terminals to the required 5 volts.
Provision is made so that a dynamotor-voltage divider combination
may be utilized as the source of power for the plates of the tubes.

The schematic diagram in Fig. 453 shows only the circuits of the
receiver up to the terminal strip; at this point the battery box cable
and the cable from the remote control unit are attached to complete
the electrical connections.

Communication Receiver for Aircraft.—Since the receiver just
described is used for two-way communication with ground stations it is
designed to work on the same antenna as the transmitter and is therefore
arranged for reception of telephone, .C.W., and C.W. signals. Tele-
phone is obviously the quickest and simplest form of communication,
but code is also used on the larger planes which carry an operator or
observer. Code is the only type of signal that will get through at times
when great distances must be covered and in areas where static is unu-
sually heavy. These adverse conditions are met especially along the
international airways system. The diagram in Fig. 456 is a schematic of
the four-tube communication receiver known as RCA model AR-1308
for use in airplanes. As the diagram indicates, the circuit arrangement
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is simple and employs only one stage of radio-frequency amplification,
a regenerative detector which operates on the principle of grid rectifi-
cation since it is provided with a grid leak and condenser, and two
stages of transformer coupled audio-frequency amplification.

An output transformer and jack are used into which the pilot’s
headphones are plugged. As the arrow in the diagram indicates, induc-
tive coupling is provided between the antenna and the first tuned cir-
cuit, the coupling being adjusted, however, at the time of installation
and only for working on the high-frequency band, or from 3300 to
6700 ke. It can also be arranged for working in the intermediate-
frequency band or from 240 to 500 ke. The schematic shows a 222
tube used in the radio-frequency stage, two 201-A’s used respectively
in the regenerative detector and first audio stage, and a 112-A in the

222 q  201-A 201-A 112-A
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Fic. 456.—A schematic diagram of the RCA type AR-1308 aircraft communica-
tion receiver.

second audio or output stage. However, provision is made to use
either a 201-A or 171-A in the output stage, depending on the output
signal voltage desired.

In regard to its general outside appearance the communication
receiver now under discussion and the beacon receiver pictured in Fig.
455 are constructed somewhat alike inasmuch as both receivers are
intended for remote control operation. It is common practice in aircraft
receivers to employ a combination 12-volt landing light battery and a
charging generator for the ““A” supply, and in this case a resistance must
be inserted in series with the source to lower the battery’s 12 volts to the
5 volts required for the filament circuit.
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Short-Wave Radio Receiver for Ground Stations (12-80 Meters).—
Fig. 457 is a diagram of a commercial high-frequency receiver which
may be used at airport terminals or at any other place for the reception
of continucus wave telegraph signals or radio telephony within a fre-
quency range of 3750 to 25,000 ke. (12-80 meters) which is covered
by three sets of plug-in coils. An additional set of coils may be used
to cover 1200 to 3750 ke., or 80-150 meters. This is the circuit arrange-
ment of a model AR-1496D receiver and, as shown, it consists of a
tuned radio-frequency amplifier stage, a regenerative detector, and a
two-stage audio-frequency amplifier. A type 222 screen-grid four-
electrode tube is used in the radio-frequency amplifier. Considerable
radio-frequency gain is secured by reason of the high amplification

il 11

-A-B+C Det. -C AF
Ground

' F1a. 457.—Schematic diagram of a short-wave receiver, model AR-1496-D, which
is provided with plug-in coils to cover a frequency range of 3750 to 25,000 ke.
(12-80 meters).

factor of the 222 tube and, furthermore, the use of this tube eliminates the
need for external neutralization. The detector uses either a 240 or 841
tube and functions on the grid rectification principle with regenera-
tion obtained by the use of a fixed tickler and controlled by a variable
by-pass condenser. The detector regeneration circuit is so adjusted
that oscillations start and stop smoothly at all frequencies within the
range. The output of a two-stage audio-frequency amplifier employ-
ing either two 201-A or 210 tubes can be taken directly from the plate
circuit or through an output transformer. Note that jacks are pro-
vided so that two sets of headphones can be used in parallel and, further-
more, they can be plugged into the output of the first audio or the
second audio amplifier.
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The photograph of the 12-80 meter set in Fig. 458 shows the prin-
cipal units mounted in three separate shielded compartments as follows:
(1) the input coupling coil, (2) the variable condenser, r.f. grid coil, and
by-pass condenser, and (3) the detector and audio stages.

Fi1a. 458.—Front and interior view of the RCA model AR-1496-D short-wave
receiver.

AVIATION RADIO EQUIPMENT FOR TWO-WAY COMMUNICATION

Two-way communication in aviation requires that the equipment
and controls be so arranged as to provide a quick and simple means for
carrying on direct radio telephone conversation between planes in
flight and ground stations. The complete equipment is divided into
two independent sets of units or parts, one set for installation in the
plane where space is at a premium and the other set for installation at
the ground station.

The two-way communication equipment described in the remainder
of this chapter is a development of the Western Electric Company and
is designed for operation on short waves. The transmitter used in the
airplane is known as model 8-A and the receiver as model 9-B. These
sets employ Western Electric tubes throughout.

The equipment which is installed in the airplane consists principally
of a short-wave radio transmitter and a short-wave radio receiver,
together with the sources of power for each of these units. In addition
to these main units there are the necessary microphones, headsets, and
remote volume, tuning and switching control apparatus. The switch-
ing arrangement for the two-way system is made to control a long-wave
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radio receiver which is considered a necessary unit of a typical airplane
radio installation—necessary because a receiver of this type operates
on the low frequencies within the range of the weather signal broad-
cast stations of the Department of Commerce. By proper tuning
of the receiver the pilot or operator can pick up radio range beacon
signals and weather forecast information and, for convenience, this
set may be bridged to use the same antenna as the short-wave receiver.

Short-Wave Radio Transmitter for the Airplane.—An examination
of the schematic circuit of the radio transmitter and microphone in
Fig. 459 shows that it consists essentially of a temperature-controlled
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F1a. 459.—A schematic diagram cof the Western Electric model 8-A airplane
transmitter.

quartz crystal oscillator, a frequency doubler, a modulating power
amplifier, and an antenna-tuning unit. Also, there is the speech input
circuit to which the microphone is connected and several audio-frequency
amplifiers which are used to step up the voice currents received from the
microphone to a suitable level before they are introduced into the mod-
ulating amplifier circuit to act on the high-frequency oscillations present
in the circuit. This high frequency is the carrier frequency that is
radiated from the antenna through space. The operating frequency is
maintained within certain prescribed limits as required by the Federal
Radio Commission, this being possible under all conditions by the use
of the quartz crystal oscillator.

Two 5-watt and four 50-watt Western Eleetric vacuum tubes are
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used in the radio transmitter which gives, at complete modulation, a
peak power output of 200 watts. A high percentage of modulation
means that the voices are heard distinctly, or we say the articulation
is good, and this is brought about by the action of the voice frequencies
on the high-frequency oscillations which causes them to vary in ampli-
tude between great limits. It is important to hear distinctly, for with
poor reception errors can easily occur.

A general discussion of the relationship of the various circuits in an
aircraft transmitter will show how many of the radio principles which
we have already discussed are applied in practice, such as vacuum tube
oscillating circuits, how power is obtained for energizing the vacuum
tubes, and so on. In the following paragraphs we will explain the pur-
pose of these circuits and also the special features which are peculiar
to aviation equipment.

Let us first consider the crystal oscillator. This unit is assembled
in an isolantite holder provided with three prongs in the base for con-
nection to the ground, heater, and thermometer contacts, and is
designed to plug into a socket similar to one which is ordinarily used
to hold a vacuum tube. There is a terminal on the top for connection
to the grid of the oscillator tube.

The quartz crystal oscillator is clamped firmly between two metal
electrodes, one of which is held at a temperature of 55° C. by an im-
bedded electrical heater. The heater is controlled automatically by
a thermostat of the mercury-column contact-making type. The tem-
perature-control device consists of a cylindrical metal shell, a resistance
unit and the contact-making thermcmeter, and the whole unit operates
to control the heat as follows: The thermometer contacts which are
short-circuited by the mercury column at the operating temperature
operate a relay which in turn controls the amount of current passing
through the wire of the heater element. One end of the shell forms one
contact surface for the crystal as is clearly shown in the diagram in
Fig. 459.

‘This crystal is used to control the frequency of the oscillations
which are generated when the crystal is connected to a vacuum tube,
that is, to the 5-watt oscillator in the circuit diagram. The crystal is
very carefully ground to give it the proper thickness so that the oscilla-
tions generated by it will have a carrier frequency which is one-half of
the frequency used to radiate for communication purposes. It should
be understood that a vacuum tube circuit can be adjusted to produce
several strong harmonics along with its fundamental, and that one of the
harmonics will be selected by an associated oscillatory circuit when the
latter is made resonant to that particular harmonic frequency.
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Fig. 460 is a photograph of the interior of the airplane transmitter
now under discussion; this view illustrates the position of the crystal
holder and the grid connection to the grid of one of the 5-watt tubes.

To continue our explanation, a 1050-volt circuit leading from the
generator end of the dynamotor, shown in the lower part of the diagram,
furnishes the d-c. plate voltage required for the 5-watt oscillator tube,
but since this voltage is much higher than that required for a 5-watt

F1a. 460.—An interior view of the Western Electric Model 8-A airplane transmitter.

tube it is lowered to the proper value by causing the plate current
to flow through a series resistance. The drop in voltage obtained
across this plate resistor equals the value of its resistance in ohms
multiplied by the amount of plate current in amperes passing through
it. Also, a condenser is inserted between the low side of this resistor
and one side of the filament, and the series resistance and condenser
together form a radio-frequency circuit from plate to ground. In the
grid circuit of the next tube marked “ doubler ” there is a tapped coil
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which provides the necessary plate inductive reactance for the tube
and its associated circuits to oscillate. The oscillator is controlled for
simplex operation of the transmitter by a relay which short-circuits the
grid coil just mentioned when the transmitter is not in use, this being
the position the relay occupies in the diagram.

In this transmitter the plate of the oscillator is coupled to the grid
of the second 5-watt tube, or doubler, by means of a condenser called
a ‘“stopping ”’ condenser. The grid circuit of the doubler is untuned
and the r.f. energy is transferred from the plate of the oscillator through
the stopping condenser, the latter being used to prevent the d-c. plate
voltage of the first tube from being applied directly to the grid of the
second tube. The tube in the frequency doubler circuit is given a high
negative grid bias provided by a grid-leak resistance in addition to the
usual bias voltage which is obtained by connecting the grid return to
one end of a tapped resistor shown in the lower central part of the
the diagram, the other end of the resistor being connected to the filament.
In addition to the doubler circuit fulfilling the function of providing a
desired harmonic which becomes the carrier, it also amplifies this high-
frequency energy to a certain extent as determined by the normal
amplifying properties which are common to the action of every vacuum
tube. By this we mean that for a given amount of operating voltage
applied to the grid there is always produced in the plate circuit a cur-
rent which fluctuates in greater proportion than the grid voltage which
caused the action.

The plate circuit of the second tube is tuned to the double frequency
and is coupled by a split coil to the grid of the modulating amplifier
which is the third tube. Positive plate voltage for the second tube is
obtained from the high voltage d-c. dynamotor through a series resistor,
as indicated in the diagram, in order to drop the voltage to the required
value.

Now that we have the required transmitting frequency provided by
the doubler circuit, then it is only necessary to step up the power of
the oscillations to increase the transmitting range and to cause them to
be modulated according to the voice currents resulting from the sound
waves which strike the microphone diaphragm when it is spoken into.
Both of these functions are performed by the third or final tube in the
radio-frequency portion of the transmitter. This is known as the
modulating power amplifier.

The output of the doubler tube excites the grid circuit of the final
radio-frequency amplifier, which is a 50-watt tube, and it delivers a
carrier power of 50 watts to the antenna circuit through an antenna
coupling transformer marked ACT in the diagram in Fig. 459. This
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final stage of amplification is neutralized to prevent self-oscillation in
the circuit, the neutralizing adjustment being made by a variable con-
denser marked NC.

The plate supply to this final stage is modulated by introducing
into its plate circuit the speech frequency output of three 50-watt
vacuum tubes connected in parallel. This series of tubes comprises
the audio-frequency portion of the transmitter. The grids of the three
audio amplifiers are fed from the output of the airplane mierophone
through an input transformer, and the transfer of the audio-frequency
power from these amplifiers to the plate circuit of the radio-frequency
amplifier is through the transformer M T previously mentioned.

Because of the small space available for radio equipment and the
necessity for keeping the carrying weight of the plane down to a mini-
mum, this entire transmitter has been very compactly designed as the
photograph indicates. Its dimensions are approximately 17 in. high,
16 in. wide, and 12 in. deep, and its weight, including tubes, is only
a little more than 32 Ib.

The Antenna System.—Either one of two types of antenna systems
may be employed with the Western Electric high-frequency transmitter
just described. The antenna may consist of wires stretched from the
wing tips to the fin of the plane, or it may consist of a loaded strut
antenna with wires stretched from the wing to the top of the strut and
another wire which is run from the fin to the strut with the lead-in
taken off from the base of the strut. :

How Power Supply is Obtained.—Two of the most difficult problems
encountered in aircraft radio equipment are the source of power and the
antenna system for the transmitter. We will first discuss the source of
power. There are three methods that can be used to obtain the requisite
voltages for the tubes in the transmitter and receiver. These methods
are: (a) An engine-driven generator, (b) a wind-driven generator, and
(¢) a dynamotor used in conjunction with a storage battery. Airplanes
operated by the various air-transport systems carry passengers, mail,
and express and, therefore, if the operaton of a plane is to be financially
profitable consideration must be given to the “pay load ”’; hence, all
loads which do not produce a revenue must be necessarily limited.
Aside from the fact that the radio equipment must be light in weight
and compactly built there is the problem of voltage regulation which
must be considered in the case of power supply when either a wind-
driven generator or an engine-driven generator is used.

The photograph in Fig. 461 shows a wind-driven generator fastened
to the struts of a plane. The generator is equipped with a single-blade
self-regulating propeller.
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A brief outline of the main considerations applying to each method
for obtaining radio power is given in the following paragraphs:

(a) When an engine-driven generator is employed the plate
supply for the transmitter is obtained from a generator
geared to the airplane engine. Special control must be
provided to maintain constant voltage automatically at
all engine speeds. For a transmitter of the type described
in this section, 1050 volts would be taken from the plate
supply while the regular airplane battery floated across the
low potential supply would furnish about 12 or 14 volts
which would be used for heating the cathodes and the

F1G. 461.—Showing how a wind-driven generator may be mounted on a plane. The
generator is employed to supply certain operating voltages for the radio equipment.

filaments of the tubes, and to supply current to the heater
element of the thermostat control.

(b) In the case of a wind-driven generator both the high and low
voltages, or the plate and filament voltages, are supplied
by the generator, which is therefore called a double-voltage
generator. Since it must be installed outside the plane
it is housed in a stream-lined case. The generator is
driven by the action of the wind on a small constant speed
propeller, the latter being self-regulating with a starting
torque such that any airplane speed in excess of seventy
miles an hour is sufficient to cause the generator to come
up to speed and deliver its rated output voltages. A
double-voltage generator has two commutators and if
used for the airplane set just described the generator would
be designed for a low-voltage output of 20 amperes at
12 volts and, also, a high-voltage output of 0.4 ampere



898 RADIO AVIATION

(400 milliamperes) at 1050 volts. One type of wind-
driven generator is shown in Fig. 462.

(¢) With, the third method a

F1a. 462.—A type of wind-driven generator
manufactured by the Western Electric
Company.

light-weight dynamotor is
used for the plate supply.
The dynamotor is oper-
ated from a 12-volt bat-
tery, which directly sup-
plies the filaments of the
tubes. A 12-15 volt, 50-
ampere generator con-
nected to the engine of
the plane is necessary in,
order to keep the battery
charged. Fig. 463 shows
a typical dynamotor.

Although a double-voltage wind-driven generator may be used to
furnish power to the airplane set under discussion, a dynamotor is most

F16. 463.—A Western Electric dynamotor for use on airplanes to supply plate
voltages to the vacuum tubes.

generally preferred because it permits the transmitter to be operated

while the plane is resting on the ground.

If the dynamotor method is

utilized a power plug with three pins is provided for the transmitter.
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Two of these are guide pins and the third is a locking pin. The locking
pin is located diametrically opposite the two guide pins. After the
plug is inserted in the socket, a turn of the knurled ring on the outside
of the plug locks the plug securely. While any one of these three
methods may be used to obtain power, the one in (c) appears the most
practical since, with a battery and dynamotor, routine testing would
be simplified and, furthermore, a pilot would be able to transmit from
a forced landing. This type of power supply would include two small
dynamotors, one for low-voltage plate supply for receiving tubes, and
one for high-voltage plate supply for transmitting tubes. A 12-volt
airplane battery operates the dynamotors and also supplies the filaments.
Each dynamotor has two commutators and two sets of windings on its
armature, one for the generator and the other for the motor.

In order to eliminate the commutator ripple of a generator, which is
caused by sparking at the brushes, a filter system must be used. This
consists of a high-voltage condenser connected in parallel to the high-
tension d-c. winding of the generator and a choke coil, the latter being
inserted, however, directly in series with the + B line which is the posi-
tive lead feeding the plates of the tubes. If the ripple is not filtered
properly it becomes not only a source of annoyance, owing to the con-
tinual humming sound heard in the phones, but it may set up so much
noise that the voices might be “ drowned out,” or made inaudible, and
in this event the telephone reception would be poor and unsatisfactory.
Just how the choke and condenser are connected in the circuit is shown
in Fig. 459.

Reference to the transmitter diagram in Fig. 459 shows that the
filaments of the two 5-watt tubes, marked oscillator and doubler, are
in series which permits them to be connected across the battery supply,
while all the other filaments, or those in the 50-watt tubes, are in par-
allel. At a voltage of between 10-14 volts the battery supplies a total
filament current of approximately 15 amperes to the transmitting tubes.

Short-Wave Radio Receiver for the Plane.—The radio receiver in
Fig. 464 has in all six tubes which are of the Western Electric type. The
first three tubes and their associated circuits constitute a radio-frequency
amplifier, and the fourth tube is a space charge detector tube. 'These tubes
are of the four-electrode variety or screen-grid type 245-A. Following
the detector we have the fifth tube which is a three-electrode tube type
244-A, which functions as an audio-frequency amplifier. Another tube,
a 6-A ballast lamp, is used to keep the filament current constant regard-
less of normal supply voltage variations. The receiver cathodes and
filaments are heated by the plane’s 12-volt battery, while the plate
voltage is taken from the d-c. output of the dynamotor. Notice in the
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schematic diagram of the Western Electric aircraft receiver in Fig. 464
how the filaments of all the tubes are connected in a series arrangement
so that each filament will receive its proper terminal voltage when the
entire series is placed across the 12-volt battery. The plate potential
supplied to this set is 200 to 220 volts.

The diagram shows that there are three tuned radio-frequency cir-
cuits; these are adjusted simultaneously to any desired frequency,
within certain limits, by a gang construction of the rotor plates of the
variable condensers, and they are operated from a remote tuning con-
trol unit. The variable condensers are connected across the second-
aries of the r.f. transformers, or tuning coil assemblies, which are made
to plug into sockets similar to those provided for vacuum tubes. In
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F1a. 464.—Schematic diagram of the Western Electric Model 9-B airplane radio
receiver.

this receiver there are three sets of r.f. coils available to cover a fre-
quency band of from 1500 to 6000 ke., or from 200 to 50 meters.

A receiver of this type operates efficiently when used with a ver-
tical or mast type antenna approximately 7 ft. high. An antenna circuit
of the untuned or fixed type is employed; it is designed to give some
voltage step-up of the signal energy picked up by the antenna and also
to reduce the effect of this receiver upon the long-wave receiver when
bridged to use the same antenna. Additional selectivity is provided to
eliminate interference from high-powered broadeasting stations which
are for most of the time ‘ on the air ”’ transmitting at frequencies out-
side the aireraft band.

It should be understood that a long-wave receiver is used by the
pilot to receive the radio range beacon signals and weather forecast
which assist him in flying along one of the civil airways, whereas the
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short-wave receiver now under discussion is used only to pick up mes-
sages sent out by the ground stations of the transport air companies
which operate commercial planes.

Again refer to the receiver diagram in Fig. 464 and note how a
switch and taps marked “ L,” “ M,” and “ H” (low, medium and high)
are provided in the input cireuit to the first tube in order to adjust this
circuit according to the particular r.f. coil used, and its coverage of a
certain frequency band. This circuit functions similarly to other input
circuits in so far as the oscillating signal current sets up a fluctuating
voltage which is impressed between the control grid and cathode of the
first tube.

Adequate shielding of the ecircuit elements and the tuning coils is

Fia. 465.—The Western Electric Model 9-B airplane receiver and remote
tuning control.

provided by mounting the parts in individual copper-shielded contain-
ers or cans, the shielding being represented in the diagram by dashed
or broken lines. Thorough shielding of the parts is necessary because
of the use of screen-grid tubes. The whole receiver assembly is covered
with an easily removable aluminum case as shown in Fig. 465. It
shows also the remote tuning control which consists of a dial and a
length of tubing through which runs a flexible shaft.

The high sensitivity of a receiver of this kind is made possible by
the great amplifying properties of the screen-grid tubes used in the s i
stages. These permit extremely weak signals which may be picked up
by the antenna to be boosted sufficiently to give a satisfactory volume
of sound in the headphones down to what is known as normal static
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level. It is to be understood, of course, that how well voice signals are
heard in an airplane by a pilot or observer depends upon the magnitude
of all extraneous noises set up by static, ignition, motor, propeller, and
so on. A receiver of this kind is so compact and light in construction
that it weighs only about 16 Ib.

Before ending our description of the aircraft receiver, let us explain
about the connections of a space charge detector tube. When a screen
grid tube is used as a space charge grid tube its usual connections to
the grids are reversed. A glance at the diagram shows that the normal
screening grid—the one next to the plate—is used in the detector as the
control grid or the one to which the signal voltages are applied; and
the other grid—the one closest to the filament—is supplied with a posi-
tive voltage. With this change of connection the tube would not func-
tion well as an r.f. amplifier since the screening effect is lost and poten-
tial variations in the plate circuit could then affect the grid. The advan-
tage of this connection for a detector is to give it a lower plate resistance
which results in a large amplification factor.

A brief explanation of the expression ‘‘ space charge ” will now be
given. Going back to our study of the action taking place within a
vacuum tube, the reader will recall that during normal operation, when
the filament or cathode is heated and the plate is furnished with a posi-
tive voltage, many of the electrons are attracted by the plate because
of its positive potential. Any electrons which strike the plate pass
entirely through the plate circuit and constitute a current flow or the
tube’s plate current; also, there are a few electrons which never get
very far from the filament in the first place, and some of these are
pulled back by the filament because it naturally attracts electrons since
it is the source of the supply; then again, there are a great number of
electrons which fill up the space in the tube between filament and plate
very much like a cloud or fog; it is these electrons that constitute the
space charge. Thus, it is easy to understand that the control grid of
a detector tube ordinarily occupies a position in a cloud of electrons and,
therefore, electrons which reach the plate and constitute the plate current
must of necessity first encounter this cloud of electrons or space charge.

Remote Control.—The question arises in aireraft installation of the
disposal of the separate units which make it necessary to locate the
transmitting and receiving sets wherever possible in the plane. How-
ever, the radio controls must be designed in a convenient form for
mounting within easy reach of the pilot in a one-man plane, or near
the co-pilot in the larger transport planes which carry a pilot and a
co-pilot. In the latter case the pilot is usually very busy watching
the various instruments to maneuver the plane, especially in foggy and
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stormy weather when the radio offers its greatest aid. A good idea of a
typical aircraft installation for two-way communication is presented
by the illustration in Fig. 452. Some of the components of the trans-
mitter and receiver are mounted in the rear, but all the controls are
placed in the pilot’s cabin and close by are the dynamotors and storage
battery. All units must be carefully cushioned to protect them from
plane vibrations during flight or from shocks when making a heavy
landing.

The photograph in Fig. 466 gives a view into the cockpit of a large

Fia. 466.—A view of the cockpit of a transport plane showing various components
of the radio installation. Compare this illustration with the illustration in Fig. 452.
Courtesy Western Electric Company.

transport plane. A careful comparison should be made between the
control units placed in the cockpit in Fig. 452 which are clearly identi-
fied and the actual parts themselves appearing in the photograph in
Fig. 466. It can be seen that the co-pilot will have charge of the tuning
controls and antenna reel. The reel is shown directly in back of the
right-hand wheel. Above the reel is a jack box into which are plugged
the microphone and telephone headset; the latter two instruments are
shown resting on the seat. At the upper left of the wheel are the two
remote tuning controls for the tuning of the long-wave and short-wave
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receivers, and at the extreme left below the instrument board are the
main control switch and the two remote volume control umts one for
each receiver. The following paragraphs explain about these controls
in more detail. -

Each remote tuning control unit is equipped with a luminous dial,
and gears operate the flexible shaft at a speed 264 times that of the
condenser shaft; this is to reduce the lost motion in this drive to a negli-
gible amount.

The volume of reception, or gain in sigpal, is controlled by a volume
control unit which is a tapered potentiometer as shown in Fig. 464;
all of the screen grids connect to its movable arm, thus permitting
changes to be made in screen-grid voltage over a given range, and this
in turn governs signal amplification.

The main switch of the radio equipment is called a master control
switch; it is used to turn the power supply on and off to the long-wave
and short-wave receivers and transmitter when dynamotors are
employed for power supply. This switch functions as follows: In the
first position, marked ‘“ Off,” obviously the circuits are inactive. In
the second position, marked “ R,” which is normal in flight, the storage
battery is connected to the receiving tube filaments and, besides, the
dynamotor used to supply plate voltage to these tubes and the heater
circuit of the quartz-crystal chamber of the radio transmitter are ener-
gized. The dynamotor for this receiver operates on an input of 3 to
3.8 amperes at 12 volts with an output of 0.05 ampere (50 milliamperes)
at 200 to 220 volts. In the third position, ¢ T-R,” the action in the
second position is repeated; also, all power circuits are then ready for
sending or receiving since the filaments of the radio transmitter tubes
are energized and the dynamotor furnishing the plate supply to the
transmitter tubes is started.

When the pilot is ready to transmit, it is only necessary for him to
start oscillations in the radio transmitter by merely pressing a push-
button or key located in some convenient position; the button actuates
relays which perform all necessary switching functions. With the key
open there is no radiation from the transmitter. Thus, during a con-
versation between a pilot and the operator in the ground station the
push-button is pressed while the pilot talks and released while he listens.
The “talk” and “listen” button is made in three types: one for
mounting on the end of the “stick,” another for mounting on a flat
surface, and still another which is incorporated with the microphone;
the last type is the one illustrated in Fig. 466.

A complete telephone set consists of a microphone, telephone receiv-
ers, cord and plug. Sets of this kind are made up for use with a helmet
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to be worn by the pilots of one-man planes. To enable the pilot to use
both hands in the operation of the plane the microphone is mounted
on a swivel, and when not in use it can be swung over the pilot’s head or
under his chin. When there are a pilot and co-pilot, either one of two
headsets may be used with the silencer type telephone transmitter or
microphone. It is possible to shut out a considerable amount of inter-
ference set up especially by noisy airplane motors by careful design of
the flying helmet. This will insure that the pilot’s speech will be under-
stood when reproduced by the ground station receiver and that the
pilot will hear the messages sent to him. One type of microphone like
the one in the photograph in Fig. 466 is equipped with a soft rubber
mouthpiece which is held tightly to the lips, and the microphqgne itself
is especially made so that its diaphragm will readily respond or vibrate
when voice air waves strike it directly, but outside propeller noises will
have practically no effect on it. Also, in this photograph are shown
telephone receivers which are of the watchcase type with a headband,
but it should be mentioned that a special headset is made for aviation
purposes. The latter headset consists of small molded earpieces
known as phonettes, which weigh less than an ounce and which fit
snugly into the ears.

Radio Transmitter for the Ground Station.—To carry on two-way
communication the ground station is equipped essentially with a radio
transmitter, a radio receiver, power supply equipment, microphone and
telephone headset, and the usual provisions for regulating volume, and
switches for controlling the power supplied to the various circuits. An
examination of the schematic circuit of the Western Electric trans-
mitter and rectifier in Fig. 467 shows that with the exception of a power
amplifier the circuits of the transmitter proper are in many respects
similar to those in the aircraft transmitter which have already been
deseribed.

Of course, in the ground transmitter a power amplifier increases the
transmitting range. And, in addition, a rectifier and a suitable filter
system are required in order to rectify the alternating current supplied
from outside mains and to smooth the rectified a.c. into a practically
non-fluctuating direct current for energizing the plates of the tubes.
In this transmitter the filaments are supplied with a.c. of the proper
voltage from a step-down transformer, marked “ FT.” The following
is an explanation of the special features involved in the ground trans-
mitter.

An interior view of the ground transmitter is given in Fig. 468.
This transmitter consists essentially of a temperature-controlled quartz
crystal oscillator, a frequency doubler, a modulating amplifier, an
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audio-frequency amplifier, and a power amplifier, the power amplifier
having been added to increase the output power supply to the antenna.
The vacuum tubes used in this transmitter are all of the Western
Electric type.

There are two crystal control units mounted in the transmitter
frame which are provided with a flexible lead and clip connector so
arranged that the operator can quickly switch from one unit to the other.
The particular crystal unit that he selects depends, of course, upon the
frequency to be used in transmitting. As long as the main switch in the
rectifier is closed the heater elements which keep the crystals at a certain
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F1a. 467.—A schematic diagram of the Western Electric 400-watt transmitter
for installation at ground stations.

temperature are energized; hence, during operation, both crystals are
always in readiness to be connected into the transmitter circuit.

The oscillator uses a 5-watt vacuum tube, controlled in the grid
circuit by a quartz crystal similar to that used in the airplane trans-
mitter. The quartz crystal is operated at half the desired frequency
and a second 5-watt vacutm tube with a high negative grid bias is used
to produce harmonics, the second harmonic being selected in the plate
circuit of this tube and then impressed on the grid of a 50-watt modu-
lating amplifier tube. The circuit arrangement of the audio-frequency
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amplifier portion of the transmitter requires three 50-watt tubes con-
nected in parallel. The audio output of these tubes feeds through a
transformer, marked “MT” in the diagram in Fig. 467, and causes
fluctuating voltage to 'be induced in the plate circuit of the modulating
pmplifier and the plate current undergoes a variation in amplitude simi-
lar to the voice waves impressed on the microphone connected to the
speech input circuit. The large tube
in the center of the photograph, Fig.
468, is the radio-frequency power
amplifier which operates with a plate
potential of 2500 volts. The modu-
lated carrier frequency is transferred
from the output of this tube to the
antenna through a feed line and con-
denser; this type of coupling effec-
tively suppresses harmonics.

The output of the rectifier sup-
plies a high potential of 2500 volts
direct current for the power amplifier
plate, a low potential of 1000 volts
direct current for plate supply to

‘other tubes, and grid bias potentials
of —55 and —200 volts. On the i
front panel are three meters for meas- |22
ing these potentials. Also, 10-volt Fia. 468.—An interior view of the
alternating current is supplied for Western Electric 400-watt ground
filaments. The power rating of this transmitter.
transmitter is 400 watts.

For reception at the ground station a short-wave receiver identical
with the one in the airplane is used; it employs a similar volume con-
trol, but the tuning dial is mounted on the front of the panel. A desk
stand microphone very similar to the standard telephone instrument is
used for picking up the voice of the station’s operator.

To summarize the latter part of this chapter, it can be said that any
system which permits two-way communication is obviously a distinct
advantage because the pilot of a plane and the personnel in ground sta-
tions may remain, under average conditions, in contact by maans of radio.

E




CHAPTER XXVII

RADIO BROADCAST TRANSMITTER EQUIPMENT

Foreword.—The theory of broadcasting has been treated in detail
in previous sections of this text, but in order that actual installations
may be known, specific types are treated in this chapter.

Type 1-B 1-kw. Broadcast Transmitter.—The RCA 1-B broad-
cast transmitter has a nominal output rating of 1 kilowatt. It is well
- to observe, here, that in accordance with conventional form, when
specifying this rating, no account is taken of the degree of modulation.
This rating of 1 kilowatt is the measure of the unmodulated carrier wave
only. When modulated 100 per cent, however, the instantaneous peak
output reaches 4 kilowatts. Tube capacity and circuit design are pro-
vided to permit continous operation at full 100 per cent modulation.

Frequency Range.—This equipment can be adjusted for maximum
performance 4nd efficiency on any frequency within the broadcast band
ranging from 1500 to 550 kilocycles. Crystals are supplied for one
_assigned frequency only and a change of frequency necessitates a change
of crystals.

Power Supply.—This particular type of transmitter is desigred
for 220-volt, 3-phase, 3-wire, 50- or 60-cycle power supply. It may be
designed also to operate from a 230-volt 2-wire d-c. supply. With
regard to power supply regulation, the set should be operated from a
well-regulated power line. A supply in which the line voltage varia-
tions exceed plus or minus 5 per cent is considered unsuitable for broad-
cast transmitter supply service, and requires some form of automatic
regulating equipment.

Vacuum Tubes Used.—The tubes for this transmitter consist of
the following types and quantities:

QuantiTY  TYPE Quantity TyYPE
4 UX-210 1 UV-203A
4 UX-865 1 Uv-849
3 UX-860 2 UX-280
2 UX-866 1 Uv-207

Note: See Appendix for data on the types of tubes here listed.
908
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The position of these various types of vacuum tubes in the general
scheme of the transmitter is as shown in the block diagram in Fig. 469.

Type of Circuit.—Refer to the circuit diagram in Fig. 470 for a
schematic representation of circuits.

The carrier frequency is generated by a crystal-controlled master
oscillator, amplified by five successive stages of radio-frequency power
amplification, and delivered to the antenna through a transmission line.
Audio frequency, i.e., the modulating frequency, passes through one
stage of power amplification to the modulating circuit. Modulation

Antenna

Modulated Exciter Unit Power Amplifier
3-UX 860 Unit
1-UV 203-A
1-UV 849
Crystal Crystal
Osc. 1 Osc. 2 1-UV 207

1-UX 210 |1-UX 210
2-UX 865| [2-UX 865

Antenna
Power VT. Relay VT. Relay i
Ccl)Jntr(ol 1-UX 210 {1-UX 210 Co:ﬁ:ng
n — Monitoring Rectifier Tuning Unit
Intermediate Rectifier
2.UX 866 2-Ux 280

I | Ground or Counterpoise -7 =
Power Supply ’
220V. 3¢
50 & 60 Cycle :
or 230V.D.C. I
-—t -l —_- 1
Lighting ' H Power Supply Power Supply H '
Circuit | Speech | Unit No. 1 Unit No. 2 hater 1 Remote |
 Equiment | High Voltage Filament & Bias oaling i Control
quipment | MG Set MG Set Unit | Station |
,,,,,,,, el L |
1 | ]

F1a. 469.—Block diagram showing component units of the RCA Model 1-B
1-kw. broadcast transmitter.

takes place in the fourth radio-frequency stage. The succeeding radio-
frequency power amplifier acts as a linear amplifier. Buch a system of
modulating is, by convention, called low level modulation.

The power supply for operating the radio system is primarily a
fully automatic and interlocked system, but provision is made for
interrupting the sequence of starting for test or adjustment purposes
at several points. Some of the features of the control system are a water-
pressure actuated device, temperature indicators, visual control indi-
cators, overload protection with both manual and remote electrical
re-set, filament and bias undervoltage interlocks, water under-pressure
and excessive temperature interlocks together with proper sequential
starting and stopping of cooling water, filament, bias and plate voltage.
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COMPONENT PARTS OF A BROADCAST TRANSMITTER 911

The various parts in Fig. 470 are identified as follows:

. Name
Schematic
Number Vacoum TuBe ReLay (Two Required) Quantity

20 Tube Socket (UX-210)............. o iiniiiiiiaannnn.

21 Grid Resistor. ... ...ttt iiiieeennans 1

22 Grid Coupling Condenser..............ccccounnn.nn. 1

23 Relay. . ... 1

24 Plate By-pass Condenser. .................ccoeuuunnn. 2

25 Transformer. . ... ....vuuivreriie e iiaiininenans 1

CrystaL Unit (Two Required)

101 Crystal Holder. ............coiiiiiiiiiiieinnnn 1
102 Oscillator Plate Choke Coil . . ......................... 1
103 First, Buffer Amplifier Grid Resistor. .. ................ 1
104 Metastatic Thermo-regulator. . ....................... 1
106 Ammeter By-pass Condenser.......................... 1
107 Heater Ammeter. ........... ... oiiiiiiiniin.. 1
108 Crystal Heater Coil............. . ... i 1
109 Crystal Unit Change-over Switch ..................... 1
110
110-A { Tube Socket and Tube...............cooeiiiint, 3
110-B
111 Filament Resistor. ............. ... .o, 1
112 Crystal Oscillator Grid Leak. .................. groeeen 1
113 Plate By-pass Condenser (Crystal Oscillator)........... 1
114 First Buffer Plate By-pass Condenser.................. 1
115 Coupling Condenser. . ............ ... c.iviiennnn. 1
116 Crystal Oscillator Plate Ammeter.. .................... 1
117 By-pass Condenser. ........... ... ... it 1
118 Filament Voltmeter... ... ... ... ... ... ... ... ........ 1
119 Voltmeter Change-over Switch........................ 1
i:(l) { Plate Voltmeter and Multiplier........................ 1
122 Voltmeter By-pass Condenser. ........................ 1
123 Radio-frequency Screen-grid to Ground By-pass Condenser 1
124 First Buffer Plate Choke Coil . .. ...................... 1
126 First Buffer Tank Coil. . ........... ... ... ... ... ... 1
126 Tank Condenser. ............c.co i eiiiineionn. 1
127 Series Heater Resistor..................covvviivaa... 1
128 First Buffer Plate Ammeter........................... 1
129 Filament Resistor. .. ... ... ... ... ... ... .. .. ... 1
130 Coupling Condenser (Grid)........................... 1
131 Grid Resistor Second Buffer Amplifier.................. 1
132 Screen Grid By-pass Condenser, Second Buffer. . ........ 1
133 Screen Grid Resistor, Second Buffer. . ................. 1
134 Second Buffer Plate By-pass Condenser. ............... 1
136 Second Buffer Tank Condenser........................ 1
‘136 Second Buffer Tank Induetance....................... 1
137 Plate Choke Coil Second Buffer.................. ... 1
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Name

Schematic

Number CrysraL Unir (Two Required)—Continued Quantity
138 Plate Ammeter Second Buffer......................... 1
139 Plate Ammeter By-pass Condenser. .+................. 1

. 140 Filament Rheostat. ... ............ .. ... ..o, 1

UX-860 BUFFER AMPLIFIER
201 860 Buffer Amplifier Tube Socket and Tube............ 1
202 Filament Resistor. .. ............ ... .. ... ... ... 1
203 Grid Choke Coil.......... ... ... ... ... ... o 1
204 Grid Resistor. ............ .ot 1
205 Screen Grid By-pass Condenser. ... ....... U 1
206 Plate By-pass Condenser. .. .......................... 1
207 Tank Condenser...........cocoeinenneenn ., 2
208 Grid Meter By-pass Condenser........................ 1
209 Tank Coil. ... ... .o 1
210 Plate Choke Coil................. ... ... ... 1
211 Screen Grid Choke. . ............... ..., 1
212 Screen Grid Series Resistor. . ......................... 4
213 Grid Ammeter. . ............... . i 1
214 Plate Ammeter..................... e 1
215 Plate Ammeter By-pass Condenser. . .................. 1
216 Grid Coupling Condenser............................. 1
MODULATED AMPLIFIER

301 860 Tube Sockets and Tubes.......................... 2
302 Grid Choke Coil........................ .. ... ... 1
303 Screen Grid By-pass Condenser. . . .................... 1
304 Radio-frequency By-pass Condenser. . ................. 1
305 Plate Blocking Condenser. .. ......................... 1
306 Filament Resistors.......................... ... ... 2
307 Plate Choke Coil......... ... ... i, 1
308 Screen Grid Choke Coil. . ............. ..ot 1
309 Screen Grid Resistor. . ............c.co i, 5
310 Grid Resistor. . ...t 1
311 Grid Ammeter By-pass Condenser. . ................... 1
312 Grid Ammeter. .......... e n e e 1
313 Plate Ammeter... ...t i 1
314 Plate Series Resistors. .. ........ccovvieeeinineeenn. 6
316 Audio Coupling Condenser. ................coovinen.. 1
316 Plate Ammeter By-pass-Condenser. . .................. 1
317 Tank Condensers. . .......ooonvenennieiinanananinns 2
318 Tank Inductance Coil...................oiiiiiiina., 1
319 Grid Coupling Condenser...................coouann. 1
320 Grid By-pass Filter. . . ............ ... ..ot 1
821 Load Resistor.. .. ....ccoveiiiniiiininiaiineennanns . 1
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Name
Schematic
Number PowER AMPLIFIER Quantity

401 Thermocouple Change-over Switch.................... 1
402 Water-cooled Tube Jacket and Tube.................. 1
403 Plate Choke Coil. ... ............ ... ... ....iiui... 1
404 Neutralizing Condenser. . ................ e 1
406 Tank Inductance Coil................................ 1
406 Radio-frequency Ammeter (Tank)............ ... ... . 1
20-Ampere External Thermocouple. ................... 1
2-Ampere External Thermocouple. ................... 1

407 Tank Condensers.. ..........c.covenvvinnen .. 3
408 6000-Volt Plate Circuit Switeh................. ... ... 1
409 Plate Ammeter........... ... ... .. L. 1
410 Grid Choke Coil........... ...l 1
411 Grid Ammeter. .......c.oinnienie i 1
412 Plate Blocking Condenser. ........................... 1
413 Power Factor Correcting Resistor. .. .................. 1
414 Grid Ammeter By-pass Condenser. .................... 1
415 Plate Ammeter By-pass Condenser. . .................. 1
416 High-voltage Voltmeter with Exiernal Resistors. ........ 1

’
Avupio SysTEMm

501 849 Tube Socket (Two Parts) and Tubes. .............. 1
502 849 Plate Ammeter......................... ... ..... 1
503 203-A Series Filament Resistor. . ...................... 1
504 203-A Filament Filter Choke.......................... 1
506 849 Grid Resistor............... ... .. ... ... ... 1
506 Heising Choke............. ... oL, 1
607 849 Filament Resistor................................ 1.
508 849 Grid Resistors. . . ........... .. . ... i 3
509 203-A Series Plate Resistors. . ........................ 5
610 849 Plate Ammeter By-pass Condenser................. 1
611 Coupling Condensers. ... ........................... L 2
512 203-A Tube Socket and Tube........... .. .. e 1
513 203-A Bias Battery................. ... ... .. ... 5
614 203-A Grid Resistor. .. ............... ... ... ........ 6
516 Speech Input Transformer............................ 1
516 203-A Plate Ammeter By-pass Condenser............... 1
617 849 Grid Ammeter By-pass Condenser. . ............... 1
618 203-A Plate Ammeter. .. .. ............... o 1
619 203-A Filament Change-over Switch. .................. 1
520 849 Grid Ammeter. ... ... ... ... ittt 1
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Schematic
Number

601
602
603
604
605
606
607
608
609
610
611

701
702
703
704
706
706

801

803

ZEIES

810
811

812
813

814
816

RADIO BROADCAST TRANSMITTER EQUIPMENT

Name

CrystraL Unit RECTIFIER

Plate Transformer. ..............................
Transformer—Primary Rheostat. ................
Filter Condenser. .. ...................vooonnn...
Filter Condenser. . ....................ccooouu...

Filter Reactor...........o.ooii ...
Filter Condenser. ...............................
Potentiometer............... ... ... ... ...
Transformer—Primary Resistor. .................
Voltmeter—Rectifier Filament....................

Filter Condenser. . ..........covuieuninniuunenn..
Bias Potentiometer. .............................
Filter Condenser. . ...........ccoiieiinnnuennn..

PoweRr SuppLY aND CONTROL SYSTEM

Main Supply Fuses. ...l
Fuses—Control System. .........................
Push Button Station.............................

Master Contactor:

Water Pump Motor. . . ..........................
Water Pressure Gauge and Interlock...............
Water Temperature Interlock—Thermostat.........

Coil. .. e
Series Resistor Water Interlock Relay..............
Filament Switch. .. ....... .. .. ... .. o

Quantity

o
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Name
Schematic
Number Power SurpLy anp ConTroL SysTEM—Continued Quantity

816 Filament Indicator Light Receptacle................... 1
Lamp. . ... 1

Lens. ..o e 1

817 Bias Voltage Relay.................................. 1
Coll. . 1

818 Plate Voltage Indicating Lamp........................ . 1
Receptacle....... ... ... . . . 1

Lens. ... 1

819 Bias Interlock Relay................................. 1
Coil8. ..t e e 2

820 Plate Control Switch................................. 1
821 Filter Condenser, 1500 Volts. . ........................ 1
822 1500-Volt Filter Reactor. ............................ 1
823 Overload Relay.......... ... ..., 1
824 Filament Field Rheostat. . ........................... 1
826 Condenser y ....oiiriii e e 1

} Spark Absorber

826 Resistor J............. e 1
827 Filament—Generator Direct Current................... 1
828 Filament Motor-Generator Driving Motor. ............. 1
829 High-Voltage Field Rheostat.......................... 2
830 High-Voltage Generators....................... PR 2
831 3000-Volt Filter Reactor. .. .......................... 1
832 3000-Volt Filter Condenser. . ......................... 1
833 3000-Volt Filter Condenser. .......................... 1
834 High-Voltage Filter Condensers. . ..................... 3
836 High-Voltage Filter Reactor.......................... 1
836 3000-Volt Plate Switch............................... 1
837 Filament Motor-Generator Magnetic Line Starter....... 1
838 Plate Motor-Generator Magnetic Line Starter........... 1
839 Door Interlocks (not shown in diagram)............... 5
. 840 Plate Motor-Generator Driving Motor. ... ............ 1
841 1500-Volt Plate Switch............................... 1
842 500-Volt Exciter and Bias Generator................... 1
843 110-Volt Indicator Lamp............................. 1
Receptacle......... ... ... . 1

Lens.. ..o 1

844 220-Volt Indicator Lamp. ............................ 1
Receptacle.. ......... ... 1

Lens.. ..o 1

846 500-Volt Indicator Lamp............................. 1
Receptacle........ ... ... ... .. ... ... 1

Lens.. ... 1

Resistor.. ... ... .. . 1

846 22-Volt Indicator Lamp....................ccovio.... 1
Receptacle....... ... i, 1

Lens . o e 1
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Name
Schematic
Number MONITORING RECTIFIER Quantity
901 Coupling Coil. . . ........... i 1
902 Plate Blocking Condenser. . .......................... 1
903 280 Tube Socket. ......... ... .. . i 1
904 Series Filament Resistor................. e 1
906 Radio-frequency Choke Coil . ......................... 1
906 Resistor. . .............. 1
907 Condenser. .. ...t 3
908 Audio Choke Coil. . ...... ... ... ... ... 1
909 Adjusting Meter. .............. .. ... . ... ... 1
910 Signal Light Relay . . .......cooneiioiiii .. 1
911 Audio Volume Control Potentiometer. ................. 1
912 Filter Condenser. . ...............c.cooviiinvieennn.. 1
913 Filter Choke. ........... .. ... i, 1
914 Coupling Condenser. . ..................cooii... 1
916 Audio Choke Coil. . ........ .. ...t 1
916 Modulation Meter.. . .......... ... ... .. 1
917 Plate Resistor. ... ......... . ... .. it 1
918 280 Tube Socket. . ...... .....covvirinreeennn. AU 1
919 Series Filament Resistor............ SN 1
920 By-pass Condenser. . ............. .. ... 1
¢ ANTENNA CoupLiNg AND Touning Unir
1020 Loading Coil............ ... . . i i 1
1021 Series Condenser. . ...............ccoiiverninneennn.. 1
1022 Drain Choke Coil . . . ........ ... ... ... ... ... .. 1
1023 Drain Resistor. ............... .. . . i i, 2
1024 Antenna Ammeter.............. ... ... ... 1
1026 Tank Condensers. .. ............c.uiiirienennrnannnns 2
1026 Transmission Line Tank and Coupling Coil. . ........... 1
1027 Transmission Line Coupling Coil . .................. ... 1
1028 Antenna Ammeter—Thermocouple. ................... 1

Frequency Control.—Means are provided for maintaining the mean
carrier frequency of the transmitter to within plus or minus 50 cycles of
the assigned value.

There are two separate duplicate crystal-controlled master oscil-
lators, each associated with two screen-grid buffer amplifiers. These
are built into compact units with essential meters and controls in view
and are accessible from the front of the transmitter panel. In order
to insure permanent and reliable adjustment, the internal parts of the
units are completely enclosed in metal shields. The tubes can be
readily removed for replacement purposes by withdrawing the units
from the front panel. These two units are capable of instantaneous
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switching from the front panel of the transmitter so that either can be
used at a moment’s notice. ’

Method of Power Control.—In the case of 50- and 60-cycle a-c.
power supply, primary power is derived from a 220-volt, 3-phase source.
This supply operates all control circuits, all rotating equipment includ-
ing pump, filament motor-generator and plate motor-generator driving
motors, and crystal oscillator supply rectifier. A 110-volt single phase
lighting circuit supplies the crystal heater power. In the case of d-c.
power supply, the 230-volt d-c. power line supplies all control circuits
and all rotating equipment including pump, filament and plate motor-
generator driving motors. Slip rings on the driving motor of the fila-
ment motor-generator set provide 160 volts a-c. single phase for operat-
ing the crystal oscillator plate rectifier supply. A 115-volt d-c. lighting
circuit, or a 110-volt a-c. lighting circuit supplies crystal heater power.
In either case an optional battery filament supply to the speech ampli-
fier tube is provided.

Protective Devices.—The various devices used for safety of the
operating personnel and protection of the apparatus include the fol-
lowing:

Water-pressure gauge and interlock, which prevent damage
because of water failure.

Water temperature or thermostatic cutout which protects against
excessive operating temperature.

Filament undervoltage relay.

Bias undervoltage relay.

Overload circuit breaker with manual and electrical re-set.

Sequency interlocks which protect each successive operation in
either starting or stopping.

Thermal overload relays in each motor-generator driving motor
circuit.

Fuses in main and all branch circuits.

Disconnect switches in various plate supply leads.

Automatic high voltage disconnect and neutralizing changeover
switch.

Switches on all doors which remove bias and plate voltages, thus
protecting operating personnel from accidental contact with
dangerous voltages.

Visual indicators as a guide to all important circuit conditions.

Sequence interrupting switches which provide manual control of
successive stages of operation for test and adjustment pur-
poses.
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Antenna Coupling.—Fig. 471 shows a rear view of the antenna
coupling and tuning unit, the parts of which are identified as follows:

F1a. 471.—Side view of the antenna coup-
ling and tuning unit for the Model 1-B

1-kw. broadcast transmitter.

very high. In addition, through
harmonic suppression is accomplished.

Part Number Name

1020 Loading Coil

1021 Series Condenser

1022 Drain Choke Coil

1023 Drain Resistor

1026 Tank Condensers

1026 Transmission Line
Tank and Coupling
Coil

1027 Transmission Line
Coupling Coil

1028 Antenna Ammeter—
Thermocouple

The panel wiring diagram of
the antenna coupling and tuning
unit is shown in Fig. 472.

A two-wire transmission line
is used for coupling the antenna
to the power amplifier. This
provides an efficient coupling
between the transmitter output
stage and antenna when the
antenna is remotely located.
Remote control is quite desir-
able for many reasons. When
properly terminated and ad-
justed radiation from a trans-
mission line is negligible and
the efficiency of transfer is
proper design, radio-frequency

Audio-Frequency Characteristics.—The audio-frequency response
curve, from audio input terminals to speech amplifier through the
transmitter and into the antenna, as measured by rectified antenna

current methods, is substantially flat.

By substantially flat, is meant

that this frequency response curve will not vary more than plus or
minus 2 TU (transmission units) from a straight line between 30 and
10,000 cycles, or more than plus or minus 1 TU, between 100 and

5000 cycles.
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Modulation.—This type transmitter employs what is known as
“low level ” modulation. This is in contrast with the * high level ”
system used in older types of equipment in which the audio-frequency
power was amplified sufficiently in magnitude to modulate the output
r.f. amplifier by the constant current method.

In a low level modulation system,
the audio circuits are simple, and
with respect to maintenance and
tube costs, quite economical com-
pared to ‘ high level ”’ modulation.

By this “low level ” system, the

radio system is modulated in one of

the low power stages where 100 per .
cent modulation can be obtained

without objectionable power loss. L'J

A 100 per cent modulation sys-
tem has a great many advantages ::'E]
over the older type in which only To Meter
30 to 50 per cent modulation was
obtained, by reason of the fact that
the peak output in the former case L2
reaches 400 per cent of normal car- ! T
rier output, whereas the peak output
for 50 per cent modulation, as in
the latter case, would be but 225 per
cent or less of carrier output.

Ground Antenna

Radio Freq. Meter
I

Thermocouple

Thus, the average output from a
100 per cent modulated transmitter }_ i i
is considerably greater than the
average output of transmitters op- T T

erating at lower percentages of ;g 472 —Panel wiring diagram for
modulation. Naturally, this in- antenna coupling and tuning unit of the
creased output of power into the type 1-B broadcast transmitter.
antenna gives a greater range of

usefulness to the station, greater area of coverage, and a greater ratio
of signal to interference level.

Filament-Plate Power Supply.—Power for filament and plate cir-
cuits is derived from two motor-generator units, one of which provides
filament and bias supply to all stages; the other, a high-voltage motor-
generator set, consists of two duplicate double commutator 3000-volt
generators, each insulated for 6000 volts, connected in series. This
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Strainer

F1a. 473.—Front view of the water-cooling unit used with the 1-kw. broadcast
transmitter.

Water __

Strainer \

: Air Relief __
Valve

Water Pressure _ -

‘Regulating Valve

F1ag. 474.—Rear view of the water-cooling unit.
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last unit supplies plate and screen-grid potentials at a voltage up to
6000 volts. A 500-volt exciter machine, furnished as a part of the fila-
ment motor-generator set, provides field excitation for all machines as
well as bias voltage for all stages except speech amplifier and ecrystal
oscillator units. Each of these machines is specially designed and
constructed to reduce commutator ripple to a minimum, and each out-
put circuit is provided with an adequate filter circuit. For this type
of transmitter where only moderately high voltages are employed, and
when reliable low maintenance cost of power supply is required, the
motor-generator set is the most suitable
from an operative point of view when
flexibility of voltage control and various
values of voltage are required for differ-
ent amplifier stages. These various volt-
ages are obtained directly from the ma-
chine without excessive potentiometer
power loss which would be the case were
high - voltage rectifiers to be used, and
where the regulation of the power source
must be considered.

Cooling System.—The power amplifier
tube requires. water cooling. Approxi-
mately 10 gallons per minute are circu-
lated through the system, propelled by a
centrifugal water pump, motor driven and
equipped with a pressure regulator in the
form of a by-pass valve. This water is
cooled by being circulated through a
highly efficient copper radiator fitted
with copper cooling fins through which
air is blown by means of a fan affixed to
the same motor shaft which drives the
pump. Front and rear views of the water

cooling unit are shown in Figs. 473 and
474. F1a. 475.—The expansion tank

. . into which the water partly
When not being circulated, the water T R 2P

partly drains into a 15-gallon expansion through the tuble jacket.
tank (see Fig. 475) which reduces the

level of the water in the tube jacket, thus allowing the tube to be
changed easily. A visual water flow indicator is provided, the return
water being forced through a jet visible through glass windows in the
indicator. The top of this tank is vented to relieve trapped air which

.—— Flow
indicator

_ Water Level
- Gauge
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collects in any circulating hot water system, and which is a constant
source of danger to tube jackets if not relieved, since a bubble of
trapped air circulating past the jacket may effectively cause localized
heating with consequent tube damage. The dissipation rating of this
cooling system is 4 kilowatts continuously. This unit is designed
with a large factor of safety and will effectively cool the transmitter
even though the set be operated in the most unfavorable climatic

F1a. 476.—Front view of the power-control panel of the RCA 1-kw. broadcast
transmitter.

conditions, provided that the vacuum tube cooling unit is installed
where it can obtain a good air supply.

Component Units.—By reference to the block diagram, Fig. 469,
it can be seen that the complete transmitter consists of seven component
parts as listed at the top of the following page:
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(a) Power control unit. Type 1-B.

(b) Exciter-modulator unit.

(c) Broadcast amplifier. Type A-1-B.

(d) Water cooling unit.

(e) Antenna coupling and tuning unit.

(f) High voltage motor-generator set.

(9) Filament and bias motor-generator set.

F1a. 477.—Rear view of the RCA 1-kw. broadcast transmitter d-c. power-control
unit.

These units will be considered separately and in detail in the follow-
ing paragraphs.

Power Control Unit.—This panel contains all of the relays and con-
tactors used in the automatic interlocked starting system, together
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220V. AC. 220V. AC.
60 ~ 60~
? !
Start 804
St 11 LLLLL
op 36
804 16 4
ln n
uu ul
804 22 804
To Pump Motor
| B e
?12 CYH L i{ H
Temp. Pres.
W. L. Water On 812 813
i
812 808 Fil. Stop Sw.
211111t he ¢
Hi X}
814
220V «——1{
60~ «— Fil. M.G.
3¢ ~—o
837
o
I o G.L Fil On Vst
i L) AAAAAA
1 WWWWY
815 a6
"817
ICrystal Plate |. 3
Trans. |
601
220V, ——
60~ Plate M.G.
3¢ ~~—roT
838
———T T
838 R.L. Plate On
10 @ WA
817 818
+ 22V. Fil. 22V, Fil
Deor Interlocks
o U o TENSNNY -
839 815 822 To Bias Pot.  ~H-V. Gen. Field
500 V. ;
Exciter g1, | j MV Rheo
1 1 =
817 804 819
H.V. Control Sw
1 Overload Relay
X YYTe—o U o
820 819 823
4 _‘Im‘ {} YYYVVVYS
Fil. Gen. Field 804 { l
5 Fil. Field Rheo. % i
22V.+ 500V.-

500V.+ 22V~
Fia. 479.—Control circuit schematic diagram of the 1-kw. transmitter showing the

a-c. power supply.
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with the magnetic resistance motor-generator starting boxes. In addi-
tion, this panel serves as a distributing frame, the terminal and wire
numbers originating at its terminal board. Power leads are brought
to this panel and distributed therefrom to the various motor circuits
and other radio panels.

Figs. 476 and 477 show front and rear views of the power control unit.
All numbered parts are identified in the listing on pages 914 and 915.

A wiring diagram of the power control panel as seen from the rear

F1a. 480.—Front view of the RCA 1-kw. broadcast transmitter power amplifier
and exciter modulator unit.

of the unit is given in Fig. 478. All parts are shown in approximately
correct location in the assembly.

The function of the various parts may more easily be understood by
reference to the schematic diagram in Fig. 479, the numbered units of
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which are listed on pages 914 and 915. As may be seen, all circuits are
fused, and indicating lights are provided to indicate at all times the condi-
tion of each circuit. These lights are connected on the load side of the
fuses and will go out if either or both fuses open up, or if the line circuit
is open. Those on the filament and bias generator circuits also indicate
undervoltage on either machine or any trouble with the circuits which

.

1

F1g. 481.—Rear view of the RCA 1-kw. broadcast transmitter power
amplifier and exciter modulator unit.

causes these machines to build up voltage. The lights burn brilliantly
under normal operation and come on in sequence with the automatic
starting system.

Thermal overload cutouts are located within the magnetic resistance
starting boxes. These overload devices may be set by hand for various
percentages of full rating value as marked on the cover. The magnetic
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resistance starting boxes permit the starting of motor-generator sets
without abnormal line loading, which is an improvement over the con-
ventional installations. In this manner, every precaution is taken to
provide equipment which is not objectionable from an operating point
of view to municipal power companies, since it is possible that such a
power contraet may contain restrictions which forbid the direct starting

416

417

401
412

839

413
900

403

Fia. 482.—Right-hand side view of the RCA 1-kw. broadcast transmitter exciter
modulator unit.

of induction motors on a line. The main power switch provided on the
front panel, if pulled, removes all power from the transmitter except
the lighting circuit which feeds the erystal ovens within the crystal
oscillator units in the modulated exciter frame.

Modulator Exciter Unit.—The front of this unit is shown in
the left-hand panel view of Fig. 480; the rear is shown in the right-
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Fia. 483.—Left-hand side view of the RCA 1-kw. broadcast transmitter exciter
modulator unit.

hand view of Fig. 481. Right and left side views are shown in Figs.
482 and 483 and the wiring diagram in Fig. 484. The numbered parts
may be identified by referring to the listings on pages 911 to 916.

This unit performs the following functions:

1. Generates a constant frequency by means of a crystal con-
trolled oscillator.

2. Amplifies this carrier frequency sufficiently to excite properly
the output or power amplifier stage.

3. Receives the low level audio energy from line amplifier and
amplifies this to a level sufficient to modulate the radio-
frequency systems 100 per cent.
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Fi1c. 485.—Front view of a quartz crystal controlled oscillator-amplifier panel.

Fia. 486.—Top view of a quartz crystal controlled oscillator amplifier.
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Crystal Oscillator Unit.—Front aud top views of the crystal oscillator
unit are shown in Figs. 485 and 486. Two complete units are mounted
behind glass doors in the front panel. A ecrystal unit change-over
switch is provided which permits the use of either unit at a moment’s
notice,

Each crystal unit is a complete, compact, self-contained assembly,
which is capable of being removed in its entirety from the front panel
by removing connections made at the rear of each unit. It contains
three stages, each thoroughly shielded from the others and from external
sources of electromagnetic and electrostatic disturbances. The crystal
oscillator stage employs a UX-210 vacuum tube connected in a circuit
with a quartz crystal, accurately ground to a specified frequency and
at a specified temperature. This crystal plate is connected between
the grid and filament of the tube. The plate circuit contains a radio-
frequency choke coil.

In order to assure sufficiently constant frequency to conform to the
engineering and legal standards of the times, it is necessary to observe
certain precautions in the operation as well as the design of such a
circuit. It is known that, whereas the piezoelectric or quartz crystal
provides the most accurate practical method of frequency control, sev-
eral factors operating independently or collectively may cause frequency
variations greater than the legal permissible tolerances. One of the
most important factors regulating the frequency of a crystal after it is
once ground to its proper physical dimensions, is the temperature at
which the crystal is maintained.

Crystals.—Crystals are made of natural quartz, scientifically
selected, correctly and accurately ground to within a very few cycles
of any specified broadcasting frequency, at a temperature of 50° to 55° C,
The crystal is mounted in a holder which is so temperature-compensated
that it maintains constant physical dimensions throughout a consider-
able range of temperature variations. The crystal holder is mounted
inside of a specially designed heater compartment, and means are
provided for thermostatic control so that a very nearly constant tem-
perature is maintained inside the crystal compartment. The heater
unit used is known as an attenuated heater, the heat being applied exter-
nally and flowing inward by radiation, convection and conduction
through a series of conducting and heat-insulating media. A sensitive
mercury-column thermostat is located in the vicinity of the source of
heat so that it operates on comparatively small temperature changes
of the heater element itself. Because of the great thermal capacity of
the conducting and attenuating layers of the heater cell, the resultant
temperature deviation at the crystal is but a small fraction of the tem-
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perature change which causes the thermostat to operate. In this
manner, a compact and convenient type of crystal heater unit is pro-
vided to maintain essentially constant temperature of the quartz crystal
and holder, and frequency variations due to temperature changes are
held to within very narrow limits.

An indicating thermometer, which projects through the front panel
of each unit, records the oven temperature accurately. From past
experience it has been found that any thermostat which breaks any
" measurable current soon gives trouble because of pitted contact faces
which cause it to lose its calibration. Because of this increased accu-
racy of temperature control obtainable, a vacuum tube controlled ther-
mostatic regulator is supplied with each oven oscillator unit. The sensi-
tive mercury-column thermostat operates in the grid circuit of a UX-210
control tube which, in turn, actuates a sensitive relay in the plate
circuit of this control tube. The relay makes and breaks the current
supplied to the electric heater around the outside of the crystal oven.
In this manner the thermostat makes and breaks an extremely small
current only, which in no wise can damage the thermostat unit, thus
assuring exceptionally long untroubled operating life of these sensitive
instruments.

The power required to maintain a given crystal oven temperature is
approximately 15 watts, and provision is made for switching this heater
power on or off, by means of panel board switches located on the rear
panel of the set. Individual switches are used, together with individual
circuit fuses, thus giving separate heater control to each unit and per-
mitting one, or both units, to be heating constantly. Because it is the
usual practice to leave the heaters more or less permanently connected,
whether the transmitter is in use or not, the heater units derive power
from the lighting circuit since this circuit is in most cases a reliable day-
and-night source of power. The transmitter power circuits are so
arranged that the main power switch located on the power control
panel disconnects all but this crystal heater circuit, thus permitting a
complete shut-down of the transmitter without affecting the crystal
temperature-regulating equipment. The crystal oscillator filament
supply can be externally adjusted by means of the rheostat located on
the front panel of the.modulated exciter unit.

Ambient Temperature Compensation.—Very great changes in room
temperatures may cause a gradual change in the crystal temperature.
Such change, however, must exceed plus or minus 10° C. before com-
pensation is necessary. To compensate for ambient temperature
effect, a resistance is used in series with the oven heater, and controiled
by heater switches No. 1 and No. 2 on the panel. With both heater
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switches in the “ Off ” position, maximum external resistance is in
series with the oven heater, and the heat supplied to the oven is then
minimum. With both switches in the “ On ”’ position, external resist-
ance is short-circuited and full voltage is applied across the oven heater.
With one heater switch only in the “ On ” position, an intermediate
condition is obtained.

To effectively regulate oven temperature changes due to ambient
fluctuation, a room thermometer should be used. It is most desirable
to know the temperature in close proximity to the crystal units, but
general changes in room temperature may be accurate enough for the
changes which would require compensation. A chart compiled from
observed conditions within the station, giving crystal oven uncompen-
sated temperature plotted against ambient temperature for various
periods of time, would be useful.

With a drop in ambient temperature causing a drop in oven temper-
ature of 3° C. or more, one or both heater switches should be put in the
“ On ” position until the crystal oven thermometer again registers con-
stant adjustment temperature. With ambient temperature relatively
high, both heater switches will probably be in the ¢ Off ”’ position.

The effect of crystal temperature on the carrier-frequency is shown
by the temperature-frequency chart furnished with each crystal unit.
The attention paid to the foregoing depends entirely upon the choice
of the station operators so long as the legal requirements are met,

Other known causes of frequency variations of a quartz crystal
include change in filament or plate voltage and reactions including
tuning, feed-back, or inductive feed-back. These have been overcome
within practical limits by calibrating the circuit with the same meters
supplied with the unit, and by careful shielding. Reaction on the crys-
tal oscillator from other parts of the radio eircuit is prevented by the
two screen-grid buffer amplifier stages built into the crystal unit.

These two buffer stages have identical circuits and apparatus.
Each uses a UX-865 screen-grid vacuum tube. The output from the
crystal oscillator excites the first buffer amplifier directly. Its plate
circuit is tuned to resonance by means of a variable condenser, adjusted
from the front panel. The screen-grid feature eliminates the need for
neutralizing, so that reactions from tuning the buffer amplifier stage
are not reflected back to the crystal oscillator to any noticeable degree.
Individual shielding further reduces inductive feed-back between stages.
Each stage has its individual plate current meter. Plate voltage on
the amplifier and oscillator tubes is measured by means of a voltmeter
and its transfer switch.

Each crystal is mounted in its heater oven, and the entire crystal
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unit is sealed to prevent any unauthorized internal adjustments. This
is for the safety of the broadcaster as well as for quality transmission,
and inasmuch as the unit is expertly made, its original adjustment is
practically assured throughout the period of operation of the unit. The
vacuum tubes can be inserted or withdrawn from the unit through the
top of the box. It has been found that the variations in vacuum tubes
will not produce perceptible frequency changes, so that the calibration
of the unit is not impaired by tube changes.

The two crystal units furnished with the modulated exciter panel
are recessed so that the beveled plate-glass doors which cover them are
flush with the main panel. The meters and thermometers are, there-
fore, visible at all times, although inaccessible. For adjustment, the
units are accessible by opening the glass doors. It is unlikely that any
troubles occurring during operation will be other than tube failures,
and these can be identified immediately by observing the meters. In
case of such a failure, the spare unit can be switched into service imme-
diately, and the other unit withdrawn from the panel for inspection.
These units are supplied with long flexible leads which permit with-
drawal without the need for disconnecting wires.

Crystal Calibration Chart.—Each crystal unit is provided with a
calibration chart showing the change in frequency of the crystal with
changes in temperature. Minute frequency corrections can be made in
carrier frequency of the transmitter by regulating the erystal tempera-
ture. This correction should be made only when necessary, or at the
request of local government inspectors. In general, however, the man-
ufacturer’s calibration will be satisfactory, since ealibrations are made
in accordance with the most refined existing standards of frequency.

To change tubes, it is merely necessary to pull the tube upward until
it disengages from the UX socket. The UX-865 tubes will require that
the anode connection at the top be first removed.

The buffer amplifiers are tuned by adjusting the variable condenser
in the plate circuit until resonance is indicated by a dip in plate current.
Adjust for minimum plate current reading.

Radio-Frequency Power Amplifier.—This modulated exciter panel
contains two stages of radio-frequency amplification. The first is a
straight radio-frequency amplifier employing a UX-860 tube with a
screen grid. This stage receives its excitation directly from the crystal
unit and delivers its output from its tuned plate circuit into the grid
circuit of two UX-860 tubes in parallel. This latter amplifier is known
as the modulated stage and has a steady plate voltage of approximately
1600 to 1800 volts. This stage is modulated by the audio frequency
received by it from the modulator tube .and associated circuits. Its
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plate circuit is also tuned and its output is directly coupled to the grid
circuit ammeters. Because, at this point, modulation at audio fre-
quencies is introduced into the radio system, an explanation of the
audio amplifier stages will now be given.

Audio Inmput.—Audio-frequency power received into the station
from the connecting line, after being amplified through the station line
terminating equipment, is impressed across the input terminals of a
transformer coupled to the grid and filament- of a UV-203A tube. This
amplifier comprises the speech amplifier, which is a complete assembly,
located at the lower left-side of the frame, the speech amplifier tube
being accessible through the lower hinged door. It contains the
UV-203A tube which is resistance-impedance coupled to the grid circuit
of the modulator tubes. Bias batteries for this stage are replaceable by
removing the left side screen of the transmitter. The filament circuit
of the amplifier is arranged for either battery or generator feed, a change-
over switch for same being provided on the rear terminal board. This
speech amplifier has sufficient gain to excite one UV-849 modulator tube.
A measure of gain control is introduced by supplying the line coupling
transformer, previously mentioned, with asecondary resistance load which
can be varied to suit particular conditions and then permanently fixed.
An individual plate meter for this stage is located on the main meter
panel. The normal operating value of plate current is 50 m.a. with a
plate voltage of 1000 to 1200 volts.

Modulator.—A UV-849 modulator tube (see Fig. 487), accessible
through the tube door in the front panel, receives its excitation from the
speech amplifier. Its bias or grid polarizing voltage can be separately
varied by means of the variable control located in the center of the
panel directly over the tube door. This bias control should be so
adjusted that plate current, as indicated by the modulator plate current
meter, is 100 m.a. with a plate voltage of 3000 volts direct current. This
plate voltage can be adjusted by means of the large rheostat accessible
from the rear of the power amplifier and control panel. The bias supply
for the modulator is derived from the exciter and bias machine, and
tapped off of the potentiometer circuit contained within the modulated
exciter frame. This bias supply is adequately filtered by a single stage
filter system. The modulator grid circuit is directly coupled, through two
coupling condensers in series, to the plate circuit of the speech amplifier.

The modulated amplifier is modulated by the constant current, or
Heising system, with the exception of a modification which increases
the usual percentage of modulation over that obtained in the common
type of circuit arrangement. The plate voltage applied to the modu-
lator is 3000 volts, and the modulator is excited sufficiently to produce
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a peak reactive voltage across the modulation reactor of approximately
2000 volts maximum, when the input to the speech amplifier is at its
normal, or zero level. The modulated r.f. amplifier and the modulator
have a common plate supply source. For 100 per cent modulation the
steady plate voltage on the radio-frequency stage is reduced to 1800
volts by means of series resistance. In this manner the steady plate
voltage to the radio-frequency amplifier is reduced, because it must pass
through the series resistor, yet the audio-frequency voltage variations
produced in the plate circuit of the modulator and built up across the
modulation reactor are admitted to the plate circuit of the radio-

Fic. 487.—Type UV-849 transmitting  Fia. 488.—Type UX-866 mercury-vapor
tube. rectifier tube.

frequency stage without appreciable drop through the capacity leg of
this common coupling circuit. One hundred per cent modulation in
the radio-frequency stage can, therefore, be accomplished by delivering
a peak audio voltage of the same amplitude as the applied direct voltage.
The series resistor is made variable so that the direct potential applied
to the amplifier can be adjusted to suit various conditions of plate
current and modulator audio voltage.

Crystal Oscillator Plate Supply Rectifier.—This unit is located to the
right of the speech amplifier; it consists of two mercury-vapor UX-866
tubes (see Fig. 488), replaceable from the front panel through the lower
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hinged door. The unit consists of a step-up transformer supplied at a
potential of 160 volts from the main power supply circuit in the case
of the 50- and 60-cycle power supply, or from slip rings on the filament.
motor-generator driving motor in the case of d-c. power supply. A
series tapped resistor and a variable rheostat accessible from the rear
of the modulated exciter unit permit-the proper regulation of input
potential. A rectifier filament voltmeter is provided on the front
panel so calibrated that, when its pointer coincides with the red mark
on its scale, correct filament voltage is applied to the rectifier tubes.

" The plate voltage supplied from the potentiometer incorporsted within
this unit is also correct when this adjustment is made.

Directions for Adjusting—(a) Crystal Unit Mounting.—Normally
both crystal units will be in position with both crystal ovens operating.
When the units are once tuned, no further circuit adjustment is neces-
sary. Unless trouble develops, the tuning controls should not be
changed. A record should be taken of the position of each when
operating properly so that they may be returned to the same positions
if accidentally moved. The beveled glass door on the front panel should
be kept closed. '

(b) Crystal Unit Transfer Switch.—The crystal unit change-over
switch is located in the center of the main panel directly below the tube
door. This switch makes a complete change-over from one unit to the
other. It can be thrown at a moment’s notice to either position without
damage to the transmitter and without manipulating any other
control.

(¢) Removing Crystal Units from Panel—The connections between
the crystal unit terminal board and the associated terminal board on the
panel are flexible and of sufficient length to permit sliding the crystal
unit forward for the purpose of removal, or for changing tubes. To
remove a unit from the set, either shut the transmitter off entirely or
transfer power to the other unit. To remove power entirely from the
crystal unit, its heating circuit switch located on the terminal panel,
at the rear of the transmitter, must be thrown to the “ Off ” position.
The unit can now be disconnected at the rear terminal board on the
crystal unit. When replacing, use great caution to put the properly
marked leads back on the same terminals from which they were pre-
viously removed.

The method of changing the tubes in the erystal unit is obvious
when the unit is withdrawn. Great care must be exercised that the
plate connection on the top of each UX-865 tube is not overlooked.
This is a beaded, flexible lead fitted with a friction cap to fit over the
glass-supported terminal on the tip of the tube.
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Filament Supply for Crystal Modulator and Low Power Radio
Amplifier.—The filaments of all tubes, except the rectifier tubes, are
fed from the main 21-volt filament bus. An exception is made in the
case of the 50-watt speech amplifier tube, in that its filament circuit is
arranged for optional operation from the filament generator supply, or
from the station storage battery supply. When using battery supply
at 12 volts potential, it is necessary to short-circuit the filament filter
reactor provided in this filament circuit.

The crystal unit filament supply circuit is provided with a poten-
tiometer unit which provides good regulation in case of tube filament
failure within the crystal oscillator, thus preventing damage to the
remainder of the tubes. A filament rheostat, located directly below the
crystal unit transfer switch, provides an accurate filament voltage
control for the crystal unit filaments.

The tube filaments of the other radio-frequency amplifier stages
and the modulator tube are fed through individual series resistors so that
failure of any one will in no way damage any of the others.

Plate Supply.—Plate supply for the crystal oscillator unit is obtained
from the rectifier unit provided for this purpose. Voltages ranging
from 100 to 500 are available from this unit by proper taps on the poten-~
tiometer supplied. The circuit is designed to give good regulation
from this power source.

Plate supply for the speech amplifier tube is derived through a
series resistor located in the rear of the speech amplifier compartment,
from the 3000-volt generator supply with the appropriate filter system.

Plate power for the first UX-860 buffer stage is derived from the
1500-volt tap on the plate supply generators.

The modulator and modulated radio stages are fed from the 3000-
volt generator source, the latter passing through series resistors which
reduce the steady plate voltage to approximately 1800 volts.

Bias Supply.—Bias supply, or negative polarizing voltage, is obtained
for the speech amplifier tubes from an individual 223-volt battery supply
located in the left side of the rear speech amplifier ecompartment, and
available for replacement purposes from the left side of the unit by
removing the side screen. Bias potential for the crystal oscillator unit
is derived from the low power supply rectifier, which also provides plate
voltage.

Bias potential for all other radio-frequency amplifier stages and mod-
ulator tube is supplied by a 500-volt exciter and bias machine located
on the same shaft with the filament generator. The proper voltage for
each stage is tapped off from a voltage divider and filter unit located
on the intermediate shelf accessible from the rear of the unit. A vari-
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able modulator bias control located on the front panel directly below the
meter panel is provided.

Screen-Grid Polarizing Voltage.—The UX-865 screen-grid radio-
frequency amplifier tubes within the crystal oscillator unit derive their
screen-grid polarizing voltage from the same source as the plate supply,
and are fed through series resistors to provide the correct voltage value.

In a like manner the screen-grid UX-860 radio-frequency amplifier
tubes derive their grid polarizing voltages from the same plate voltage
source as that supplied to the tube in each case. This voltage is reduced
to the proper value by means of adjustable series resistors located on
the top shelf of the modulated exciter unit. A removable link is pro-
vided in this circuit which makes it possible to connect temporarily a
milliameter to measure the screen-grid current for adjustment purposes.

Adjustment of the Modulator Amplifier Circuit.—In tuning the
circuit for the first time, one adjustment should be made at a time, pro-
gressively, starting with the crystal oscillator unit and progressing
through to the output of the modulated stage. Then the audio circuits
can be put into operation.

Operations.—The modulator and speech amplifier tubes should be
entirely removed from their sockets. Open the two single-pole,
single-throw knife switches on the rear terminal panel, and throw the
neutralizing switch on the power amplifier unit to neutralizing position.
All other tubes should be placed in their respective positions and all the
toggle switches on the front panel of the power amplifier unit should be
opened. The meter panel flood lights may be left on if desired. Next
throw the main power switch on the power control panel. Now push the
“ Start ” button on the power amplifier panel. The master contactors
on the power control unit should close and the water pump should start.
If the water pressure does not come up as indicated on the pressure
gauge on the power amplifier panel it may be necessary to prime the
water pump by opening the relief valve and releasing air trapped in the
pump casing. When the pressure comes up to the high-pressure setting
on the gauge, the water interlock contactor will close on the power control
panel and the water-indicating light will light on the front panel of the
power amplifier. Next, open either or both tube doors on the modulated
exciter and power amplifier panel. The filament stop switch located on
the power amplifier panel (toggle switch) may now be thrown, after first
making sure that the filament rheostat on the power amplifier panel and
the filament rheostat on the modulated exciter panel are on mimimum
voltage position, i.e., turned in reverse arrow direction. The filament
motor-generator set should start and register voltage on the filament
voltmeter on the power amplifier meter panel. Adjust the voltage to
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21 volts by turning, in the direction of the arrow, the filament control
knob on the power amplifier panel. Next measure the filament voltage
on each tube (outside of the crystal oscillator unit) individually and check
each of the values against the correct value for each tube according to
the transmitting tube chart contained in the Appendix.

- Next adjust the filament voltage to the correct value as indicated
by the filament voltmeter on the crystal oscillator unit by turning, in the
direction of the arrow, the rheostat control knob located on the modu-
lated exciter panel directly under the crystal oscillator unit selector
switch,

The modulator and speech amplifier tubes may be replaced tempora-
rily for filament adjustments on each. After checking the correct fila~
ment voltage on each, remove them again from their sockets.

Bias Adjustment.—Place a voltmeter across the outside taps on the
bias potentiometer and close all doors on each unit, after first throwing
the crystal oscillator selector switch to neutral position. The filament
interlock relay on the control panel should close, lighting the bias light
on the power control panel and the green light on the power amplifier
panel. This filament interlock relay on the power control panel should
be previously adjusted to pull in at 20 volts and drop out at 193 volts
as indicated by the filament voltmeter on the power amplifier meter
panel.

Next adjust the bias interlock relay to close at 475 volts, apmproxi-
mately, and fall out at 450 volts, approximately, as read on the volt-
meter previously connected across the bias potentiometer terminals.
When it is so adjusted, adjust the bias on each tube outside of the crys-
tal oscillator unit to the correct value as specified in the table on page 958.

Adjusting Crystal Oscillator Rectifier Supply Unit.—To adjust this
unit, leave the crystal unit selector switch in a neutral position and
disconnect all plate supply taps from the potentiometer or voltage
divider connected across the output from this rectifier. By connecting
a meter externally by running leads through the screen to a meter located
outside, the bias voltage can be adjusted by varying the tap on this
potentiometer. In a similar manner, each of the plate supply voltages
to the crystal oscillator unit may be fixed. Refer to the tabulated list
on page 957 for correct values.

Crystal Oscillator Unit Oven Adjustment.—After adjustment, close
both panel board snap switches on the rear panel of the modulated
exciter unit thus allowing both crystal ovens to heat. The oven will
reach its correct operating temperature and properly regulate approxi-
mately 24 hours after the switches are thrown. The thermometer
should gradually rise to the correct value as specified for each crystal
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and the thermostat and vacuum tube relay unit should accurately
maintain the temperature required for the correct frequency.

Adjustment of Crystal Oscillator Unit.—Tune the two buffer ampli-
fier controls until the plate current reading in each case is minimum.

Switch the second crystal oscillator unit into position and adjust
as before for resonance. These two units should be very nearly alike in
operation, i.e., plate current readings one with the other.

Tuning the UX-860 Buffer Stage.—With the crystal oscillator unit
operating properly, grid current should be indicated on the grid current
meter for the buffer UX-860 stage providing its filament is lighted and
the bias voltage is not excessive. Adjust the taps on the plate tank
inductance until it can be tuned to resonance as indicated by a minimum
plate current reading after the 1500-volt switch (single-pole single-
throw) on the rear of the unit is thrown to the “ On” position, and
the plate supply generator is started by throwing the toggle switch
on the front of the power amplifier panel. When the high-voltage
generator is started a red light will appear on the front panel of the
power amplifier unit. Now adjust the screen-grid current to correct
value. Next attach the excitation clip to the next stage and retune the
circuit. Refer to tabulated list on page 958 for correct meter readings.

Tuning the Modulated Amplifier Stage.—With the correct bias and
filament voltage on the two UX-860 tubes in this stage, grid current
shoudd be evidenced by a grid meter deflection for this stage. Reduce
the plate supply voltage to approximately one-half of its correct value.
Connect about 4 ohms of phantom load resistance into the tank circuit
and adjust the tank circuit for resonance as indicated by a minimum
plate current. Adjust the screen-grid current to correct value. Attach
the excitation clip to the power amplifier stage and retune for resonance.
At this point, all radio-frequency stages are approximately tuned but
will probably need slight corrective adjustments when the set is finally
ready for service.

Note: Carefully watch the power amplifier tank meter because the
power amplifier stage is in the ‘ Neutralizing ”’ position and not neu-
tralized. Keep the meter on scale by turning the neutralizing control
until it reads zero. Use the greatest of care in doing so.

Adjustment of Speech Amplifier.—With reduced plate voltage,
adjust the bias battery voltage by removing the side screen and meas-
uring the voltage with an externally connected voltmeter. Connect a
0-2500 voltmeter from the tube plate terminal to ground. With correct
bias voltage on the tube, as specified on page 949, apply plate voltage.
Plate current when voltage is as specified should be approximately 40
to 50 milliamperes.
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Adjustment of the Modulator Stage.—With the modulator bias
control in mid-position, adjust the bias potentiometer tap to give 150
volts. This voltage must be read on an externally connected voltmeter
by running leads through the side screen. Bias control should give a
variation of approximately 50 volts. With a plate voltage of 3000 as
measured on an externally connected meter, the modulator plate cur-
rent should be made to read 100 milliamperes by adjusting the bias
values.

Caution: When making tap adjustments, elc., inside of the set, shut
off the power before proceeding. It is possible, however, to leave the fila-
ment and bias molor-generator sel running since opening o door interlock
automatically removes bias voltage, and the circuit can be safely manipulated.
Although high-voltage plate supplies are also removed by the opening of a
door, it 1s a safe common sense rule to shut the plate machine down.

Although every precaution is made tn designing high-vollage equipment
to protect the operating personnel against contact with dangerous voltages,
it should be borne in mind that such contact could prove fatal.

The practice of disconnecting interlocks during adjusiment periods is
distingtly dangerous and should be avoided at all times.

1 Kw. Broadcast Power Amplifier and Control Panel. The assembly
of this panel and the principal parts thereof are shown in the right-hand
panel of Fig. 480 and the left-hand frame of Fig. 481. The numbered
parts will be found listed on pages 913, 914 and 915. The diagram of
connections is given in Fig. 489.

Water Cooling.—Water is fed to the unit by a 1}-in. diameter pipe
coming from the centrifugal pump. The water passes through a ther-
mostatic control device, with a tap leading off to the pressure gauge on
the front panel. Cooling water then continues through an insulating
hose to the plate or tube jacket of the tube, returning through another
parallel rubber hose to the outlet water.pipe which returns to the cooling
apparatus.

Filament Supply.—The filament supply comes directly from the
generator source and is applied directly to the tube filament connections.
The filament interlock or undervoltage device on the control panel is
connected across this source as is also the filament voltmeter located on
the meter panel. All the other tube filament circuits fed from this
generator are so arranged with series resistors as to give the correct tube
terminal voltage in each case when the filament voltmeter on the power
amplifier panel reads 21 volts.

Bias Supply.—Some explanation of the arrangement and adjustment
of bias was given in connection with adjustment of bias on the low
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power radio amplifiers which are all associated with the one bias gen-
erator. The power amplifier tube requires the highest bias value com-
pared with the other tubes in the set and, because of this, is connected
directly across the outside terminals of the potentiometer. In this
manner a low resistance grid circuit for the power amplifier stage is
provided.

Plate Supply.—Plate supply is taken from the two 3000-volt
machines connected in series. A plate circuit disconnect switch, which
is an integral part of the neutralizing change-over switch, is available
through the rear door of the power amplifier and control unit. Opera-
tors should take full advantage of the safety apparatus provided for
their protection.

Radio-Frequency Circuit and Linear Amplifier.—Fig. 489 shows the
connections for this panel. A double-pole double-throw change-over
switch interconnected mechanically with the plate circuit disconnect
switeh serves to change the thermocouple in the tank circuit of this
stage so that a common tank meter provided on the meter panel can be
used for neutralizing purposes as well as for observing the normal
operating tank current. In the neutralizing position, this meter regis-
ters 2 amperes full scale deflection, and the high voltage is removed
from this stage. In the normal position the meter registers 20 amperes
full scale and the high voltage supply is connected.

Grid and plate current meters are provided for the power amplifier
tube. The antenna ammeter is also located on this panel and wired to
the thermocouple located directly in the antenna circuit.

A modulation monitoring rectifier is also provided within this panel
with an adjustment meter on the meter panel. A modulation meter,
here located, reads percentage modulation directly. The pick-up coil
actuating this monitoring rectifier is located at the top end of the main
tank circuit coil.

Adjustment of Power Amplifier Stage.—Assuming that all previous
stages are operating properly, the plate voltage should be reduced by
means of the rheostat located in the rear of the power amplifier and
control panel and available through the rear door.

Next, shut down the set and elip on the modulated stage tank coil,
the excitation lead and neutralizing lead to the power amplifier stage.
Retune the tank circuit of the modulated stage if necessary, and with an
externally connected voltmeter measure the bias voltage at the grid
and filament terminals of the tube. It should read 350 to 450 volts.
Grid current should now be observed on the grid current meter for this
stage. Only a slight amount will be observed.

The tank circuit of the power amplifier stage should now be detuned.
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With the neutralizing switch thrown in ‘ Neutralizing ”’ position, start
up the set and gradually tune to resonance. This must be done very
carefully. Keep the tank current meter on scale by turning the neutral-
izing control in the proper direction. When the tank circuit of the
power amplifier stage is exactly in resonance as indicated by a definite
peak point reading on the tank ammeter, turn the neutralizing control
until the tank ammeter reads zero. It should be possible by adjusting
the neutralizing control to return this tank meter to absolute zero
reading. The set is now neutralized and ready for plate power on
this last stage. v

Before applying power to the power amplifier stage make sure that the
dummy antenna load (or antenna coupling) is made to the antenna, other-
wise the tank circuit meler in the power amplifier stage may burn out.

Throw the neutralizing switch to the normal closed position and
start up the set, watching closely the plate current meter as the set
starts up. This meter should not exceed 0.6 ampere with the normal
voltage on all stages and with the proper bias on the power amplifier
stage, and loaded properly. When this has been done, the coupling
line to the 1-kw. amplifier can be adjusted for resonance and proper
termination impedance. Until the coupling and tuning adjustments
on the terminal end of a transmission line are correctly made, there
will be a reaction on the preceding excitation amplifier. Any adjust-
ment which upsets the plate tank tuning in the previous stage indicates
incorrectness in the termination and tuning circuits.

Do not change the plate tank tuning to correct for this reaction.
Rather, adjust the termination so that at resonance there is practically
no reaction. A properly terminated transmission line will act on the
preceding amplifier as a pure resistance load. Therefore, the full load
tuning position on the tuning dial should be the same, or very nearly
the same, at the no load tuning position.

When all circuits are correctly loaded, the tuning controls will
apparently have considerably less tuning effect than they show at no
load. This is due to apparent reflection of load resistance into the
tank or plate circuit of the tube, thus broadening the resonance char-
acteristic of the circuit.

It is well at this point to go back and check each successive stage
for slight correcting adjustments, after which the set may be modu-
lated.

With 100 per cent sustained modulation, i.e., constant tone on the
set, no appreciable change, either increase or decrease, should be noticed
on the plate current meter in the power amplifier stage. If any change
is noted, it denotes a dissymmetrical or distorted modulation character-
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istic. The' tank circuit current, however, will increase 22} per cent
over its unmodulated value.

Adjustment of Modulation Indicating Equipment.—With the set
normally adjusted and with no modulation on it, increase the pick-up
for the modulation-indicating equipment by moving the pick-up coil
more closely into inductive relationship to the power amplifier tank
coil, until the adjustment meter on the front panel reaches the correct
predetermined -value as marked on the face of the meter. Whenever
this meter reads the correct predetermined value during the unmodu-
lated condition, the ¢ per cent modulation ’ meter will read percent-
age of modulation after modulation is applied to the set. This per-
centage of modulation reading will be correct for sustained modulation
only since the meter will not follow rapidly enough the peaks of
modulation under operating, or program conditions. The meter,
however, will give a correct value of average modulation at all such
times.

Discussion of Power Amplifier Tank Tuning.—The first step in the
adjustment of the plate tank circuit for any given frequency is to
obtain the proper inductance and capacitance values. After the trans-
mitter is installed and thoroughly tested, a chart is prepared which
shows the approximate valuesin all stages for the operating frequency
chosen. Such values are not made by trial and error methods.

For any operating frequency the ratio of circulating volt-amperes
to watts output into the load is chosen for this particular type circuit
to be 15 to 1. * This means that for 1000 watts output of carrier power
at 30 to 35 per cent efficiency, the circulating volt-amperes should be
15,000. To give 1000 watts output, the effective, or R.M.S. value of
a-c. plate voltage per tube must be 1620 volts. To maintain 15,000
volt-amperes of circulating power, the effective value of tank current
will be 9.25 amperes. Knowing the voltage to be built up across the
tank condenser and the circulating current value, we can solve for the
capacitive reactance. This gives a value of 175 ohms. Knowing the
reactance of the condenser and the operating frequency, we can solve
for the correct capacitance.

The preceding discussion is based on a * tube "’ carrier efficiency of
approximately 30 per cent. In actual cases this efficiency may increase
slightly which will allow some slight deviation in the values as specified.
If the effective, or R.M.S. value of voltage across the tank condenser is
1620 volts, for 100 per cent modulation this value increases to 3240
volts, or twice normal. In like manner the instantaneous current value
will be twice normal or 18.5 amperes when modulating 100 per cent.
Because the meter in this tank eircuit is an averaging device, it will
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indicate only 22.5 per cent increase over normal value, or read approxi-
mately 11.33 amperes when modulating 100 per cent sustained.

When the correct capacitance value is chosen in line with the pre-
ceding discussion, enough tank inductance should be used to bring the
circuit to resonance.

Monitoring Rectifier.—The monitoring rectifier unit is mounted in
the power amplifier and control panel. A removable cover permits of
easy accessibility. Within the unit are two UX-280 tubes, chokes, con-
densers, and so on. The tubed are removable by removing the top cover.
Filaments are fed from the main 21-volt bus through series resistors.
The purpose of the monitoring rectifier is to provide a means of meas-
uring accurately percentage of modulation, and providing an aural
check on the outgoing wave. In addition, whenever the power ampli-
fier tank circuit is energized, a relay within this unit will close a signal
lamp circuit which lights a 110-volt lamp on the associated speech input
equipment.

The small amount of power needed to operate this unit is obtained
by inductive coupling to the power amplifier tank coil. An adjustment
meter in circuit with the first rectifier tube is provided on the front panel,
by means of which the correct coupling adjustment is obtained. A
second meter on the front panel marked  Percent Modulation ” is
connected in circuit with the second rectifier, and reads percentage of
modulation directly. A link is provided in this meter circuit which
permits a second per cent modulation meter to be wired in, and located
at a remote point such as the studio or audio control room, if desired.

Filtered loudspeaker and oscillograph circuits are available as shown
in the circuit diagram, Fig. 470. Unless the adjustment meter pointer
rests on the predetermined adjustment mark with no modulation on
the set, the per cent modulation meter will not register correctly.
Care should be taken to see that the circuit conditions are such that
this is so. The variable feature incorporated in the untuned pick-up
coil permits of very close pick-up adjustment. This adjustment should
be made by trial methods and, when once found, should be locked into
place by tightening the mounting screws on the pick-up coil support.

General Information on Linear Amplifier Operating Characteristics.
—The following may be considered as the essential points on linear
amplifier operating charactertics:

(1) All of the radio-frequency tubes operate either as Class B
or Class C amplifiers. By this reference is meant that all
radio-frequency amplifier tubes are operating at high bias
or negative grid polarizing potential. Therefore, the plate
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current for the amplifier tube is zero, or very nearly so,
when no radio-frequency excitation is applied.

(2) The output power and input power (as evidenced by plate
current) increases as the exciting radio-frequency voltage
is increased.

(3) For unmodulated carrier frequency operation the tube is
running very much under-excited and the efficiency is
therefore comparatively low (30 to 35 per cent), and the
power output is only one-fourth of the tube rating at the
plate voltage when used.

(4) As modulation is increased to 100 per cent no appreciable
change in plate current should take place. The tank
current, however, will increase. It is well to note here,
however, that if 100 per cent modulation is exceeded, the
plate current will increase slightly, thus giving evidence
that some distortion is taking place in that stage.

(5) Increased carrier output can be had by merely coupling
tighter to the preceding stage; however, the transmitter
is not designed to modulate 100 per cent any appreciable
output greater than the specified 1000-watt carrier.

(6) With a 1-kw. carrier, when modulating 100 per cent the
transmitter is delivering 1.5 kw. continuously to the
antenna. ‘

(7) Assuming that correct excitation is being applied to the
power amplifier stage, to increase carrier output, i.e., to
load the power amplifier, it is merely necessary to increase
the number of coupling turns connected across the trans-
mission line. Variation of the number of these coupling
turns should not affect the tuning of the power amplifier
tank circuit if the transmission line is properly adjusted.

Antenna Coupling and Tuning Unit.—The antenna coupling and
tuning unit located in an enclosed tuning house at the foot of the
antenna lead-in is an assembled self-contained unit as shown in Fig.
471, the numbered parts of which are listed on page 928. Within the
unit are contained a transmission line terminating tank circuit, coupling
coil to antenna and antenna loading and series capacitance equipment.
In addition a static bleeder, or antenna drain circuit, is included for
protection against static charges and lightning,.

Controls for tuning the transmission terminating equipment and
antenna proper are located on the front panel. An antenna current
meter is also located within a protective case on the front panel. A
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thermocouple unit which is interconnected with the power amplifier
meter panel makes it possible to observe the antenna current from
within the station as well as from within the antenna tuning house.
The equipment is mounted on heavy asbestos panels which have been
copper coated on the rear to provide an excellent radio-frequency
shielded front surface. This simple precaution assures protection to
the operating staff against accidental radio-frequency burns, since the
panel is essentially dead front.

Antenna Transmission Line.—The output of the 1-kw. power ampli-
fier is coupled to the antenna through a two-wire transmission line.
The antenna coupling and tuning equipment is housed in a separate
building directly under the antenna, usually at some distance from
the station proper.

Any infinite length transmission line has a characteristic impedance
sometimes referred to as the surge impedance, which is a function of the
physical size and spacing of the conductors comprising the line. It is
the impedance offered by such a line as viewed from the sending end.

If a piece of an infinite line is cut off and the open end closed by an
impedance equal to the characteristic impedance, it will act on the
sending end driver exactly like the corresponding infinite line. An
infinite transmission line acts to the driver like a pure resistance load,
i.e., power leaves the driver into the line, never to return. Hence, no
reflection of power takes place. Similarly if a finite transmission line
be terminated properly by closing its free end with an impedance equal
to the characteristic impedance of an infinite line of equal physical
dimensions in regard to diameter of wire and spacing, such a properly
terminated line will act on the driver as a purely resistance load. Now
power reflection will take place and, hence, no appreciable line loss will
occur and the efficiency of transfer from driver to load will be very high.

In general practice, transmission lines for radio frequencies will
have characteristic impedance of from 500 to 800 ohms, although a
600-ohm line is generally used. This value of characteristic impedance
is arbitrarily chosen, and the lines built to conform to it.

The termination of a transmission line is one of the most important
adjustments of the entire transmitter, and will have the greatest influ-
ence on the efficiency and range of the station. A very important
point in this connection is that the terminating impedance must equal
the characteristic impedance of the transmission line. If, therefore,
this characteristic impedance is 600 ohms, the termination must be a
resistance of 600 ohms or a network with unity power factor as viewed
externally and an equivalent impedance of 600 ohms when measured at
the points where the transmission line is connected.
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If this condition is not met, not all of the power delivered by the
driver will be dissipated in the terminal network which includes the
antenna. The amount of power which is not consumed in this terminal
network will surge back and forth, from one end of the line to the other
(reflections) until it is finally dissipated in the line itself, never getting
into the antenna circuit at all.

When the line is correctly terminated, all the power delivered from
the power amplifier will be delivered to and consumed by the load, the
only loss being the I2R loss in the conductors which is too small to con-
sider. Under these conditions the transmission line current is a mini-
mum for a given power output.

On all broadcast installations consideration is made in designing
the transmission line terminating network so that it acts in a manner
to suppress the transfer of harmonic power to the antenna itself.

Antenna Tuning.—The terminating condenser, balancing coils,
loading coil and antenna series condensers, with the antenna proper,
form a tuned radiating system. In the majority of cases the antenna
itself will be operating approximately 30 per cent below its fundamental
frequency.

After once tuning the antenna system to the carrier frequency,
balancing it, and forming a proper termination for the transmission line,
no further adjustment is necessary. To increase or decrease the power
output from the antenna, the only adjustment to be made is the increase
or decrease of coupling coil turns. This variation of coupling turns
merely increases or decreases the voltage applied to the line, as the
case may be,

A transmission line used for coupling a radio transmitter to its
antenna comes under the category of an overhead open wire line oper-
ated at high electrical frequencies. Because of this, its characteristic
impedance is always a simple non-inductive resistance.

To adjust the transmission line terminating equipment and the
antenna system, it becomes necessary to tune to resonance separately
the tank terminating and the antenna circuit itself. This can be done
by coupling each of these circuits separately to an external low power
oscillator which has been previously adjusted for the required fre-
quency. When adjusting the tank circuit, the transmission line should
be disconnected at the transmitter by removing the clip leads from the
pick-up coil on the power amplifier unit. Resonance is indicated by
connecting in series with each circuit a suitable radio-frequency low
reading ammeter and adjusting the circuit constants until a maximum
deflection is obtained.

When adjusting the tank termination a maximum permissible
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amount of inductance should be used which will result in a minimum
value of capacity for any particular setting. In other words, utilize
80 far as possible all the turns on this inductance coil. With both the
tank termination and antenna adjusted to resonance at the operating
frequency, remove the small resonance-indicating meter used for this
adjustment and connect the circuits for normal operation. It is now
permissible to clip onto the pick-up coil in the power amplifier and
start up the set at reduced voltage on the power amplifier.

Recheck resonance conditions in all circuits to make sure that all
are exactly in resonance by adjusting the flippers until a maximum
antenna current reading is obtained. The voltage on the power ampli-
fier tube may then be increased to its normal value.

Assuming that a 600-ohm transmission line is being used, insert in
either or each line at the output terminals of the transmitter a 0-2.5
ampere radio-frequency ammeter. Increase the number of turns on
the pick-up coil until this meter reads 1.3 amperes with the transmitter
in an unmodulated condition. The transmitter will then be delivering
slightly over 1 kw. of carrier power. For any other value of transmis-
sion line impedance the correct current reading in the line can be com-
puted by the formula listed below:

_ E line

= - when Z = the impedance of the line.
Z line

Water Cooling and Circulating Unit.—This interesting piece of
equipment, used in broadecast transmitters, possesses some unique fea-
tures. ,

Figs. 473 and 474 show the assembled equipment, including copper
radiator, especially built for water cooling purposes, driving motor and
fan, integral water circulating pump of high efficiency, water strainer
and relief or priming plug. A by-pass gate valve is included which
provides accurate pressure adjustment of output water flow. The
complete unit terminates in brass unions ready for connection to the
water systemn.

Fig. 475 shows a 15-gallon expansion tank with water gauge and
visual, vented water-flow indicator. Experience with the older types
of cooling systems utilizing cumbersome cast-iron radiators indicates
that considerable difficulty with trapped air in the system is experi-
enced. This trapped air appears in any type of hot water heating or
cocling system, and in the older types of apparatus it is necessary to
relieve it at intervals, manually, by opening an escape or bleeder valve
located on the radiator. The addition of the vented water-flow indi-
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cator automatically releases trapped air in the system and prevents its
circulation past the tube jacket in the form of bubbles, thus eliminating
any chance for localized tube jacket heating and consequent breakdown
of the tube jacket.

The cooling unit is rated at 4 kw. continuous dissipation and this
rating is based on an ambient room temperature of 100° F. The max-
imum allowable water temperature should not exceed 150° F. anywhere
in the system. The cooling system is therefore of more than ample
capacity, and is adequate to cool the transmitter even if located in a
tropical climate. The unit, when installed should, of course, be located
in a position where a good supply of cooling air can be obtained. Ap-
proximately 1700 cu. ft. of air per minute is forced through the solid
copper cooling fans.

Power Supply Unit.—The power supply unit consists of two three-
unit semi-enclosed motor-generator sets.

The first of these is a filament and bias supply motor-generator
which consists of an 80-ampere 33-volt generator and 500-volt 1.5-kw.
generator driven by a 73-horsepower motor. The 80-ampere 33-volt
generator supplies all tube filaments except the UX-866 rectifier tubes.
The 500-volt generator supplies the bias for all tubes except those
contained within the erystal oscillator unit and the speech amplifier.
In addition it supplies excitation power for the filament machine as
well as for the high-voltage plate generator. With the exception of the
500-volt generator, all others are externally excited, consistent with
good design in that flexibility, reliability and excellent regulation of
power generators are assured in this manner.

In the case of a 220-volt 60-cycle and 230-volt d-c. drive, this motor-
generator unit rotates at 1750 r.p.m. In case the supply is 220-volt
50 cycles, it is rated at 1450 r.p.m.

The second unit is a three-unit high-voltage motor-generator set
consisting of two identical 4.5-kw. 3000-volt generators driven by a
141-horsepower motor. For operation with the type 1-B transmitter
these generators are connected in series and rated at 73 kw. at 6000
volts. The armatures in each are interchangeable, each being insu-
lated for maximum high voltage so that only one armature which will
fit either machine need be carried for a spare. This unit also in the case
of a 220-volt 60-cycle and 230-volt d-c. supply revolves at 1750 r.p.m.
and in the case of 50-cycle supply at 1450 r.p.m. These machines are
especially designed and constructed to provide for continuous service,
and in addition are quite free from voltage ripple in their outputs.
When wired for service with the type 1-B transmitter the voltages avail-
able are 1500, 3000, 4500 and 6000 volts. These machines are completely
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enclosed and protected by means of perforated metal screens. They
are especially built for broadcast service.

Note: When a d-c. driven filament and bias motor-generator set is
supplied, slip rings on the driving motor provide 160-volt, 60-cycle a-c.
power supply for the crystal oscillator rectifier unit.

GENERAL OPERATING INSTRUCTIONS

When the transmitter has been adjusted ready for operation, the
starting and stopping involve comparatively simple actions on the
part of the station operator. The action which takes place within the
transmitting equipment, however, is quite complex. Therefore, it
might be well to review the sequence of operation which is set in motion
by pressing the transmitter start button.

To Start Transmitter.—First make sure that the main circuit switch
on the power control panel is closed and that the crystal heater switches
on the rear terminal board on the modulated exciter unit are ‘“ On.”
Also check to see that all high-voltage disconnect switches in the rear
of the modulated exciter unit are closed and that the neutralizing
switch on the power amplifier and control panel is in the normal running
position. When the main circuit switch is closed, the white 220-volt
circuit-indicator light on the power control panel will light.

Make sure that no one is near the antenna tuning equipment in the
remotely located tuning house, or working on any part of the equipment,
and that all doors are closed.

Turn the crystal oscillator unit selector switch to either “ On”
position. Make sure that windows or doors leading to the room con-
taining the water cooling unit are open so that a good supply of air is
available.

The start button at either the power amplifier or the remotely
located operator’s desk may now be pressed. Upon doing so, master
‘contactors on the power control panel will close, starting the water circu-
lating pump and cooling fan. Water pressure will build up and begin
to flow as evidenced by the visual water-flow indicator mounted at the
top of the expansion tank near the circulating pump. If the pump
fails to start, the main circuit switch may be open, or fuses blown on the
control panel. The pressure indicator, on the water pressure gauge
located on the front panel of the power amplifier and control unit, will
increase and lie against the high pressure contact stud, providing water
pressure is sufficient. If water pressure is low, it can be increased by
turning the by-pass pressure regulating valve on the cooling unit in a
clockwise direction. When the pressure indicator touches the high
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pressure contact stud, providing water temperature is low and that
the thermostatic device is functioning properly, the contactor marked
water interlock will close, lighting the water (white) light on the power
amplifier panel and locking up the water pressure contact, so that the
pressure indicator may touch the high pressure stud and float between
low and high pressure settings without shutting down the transmitter.
If the low pressure stud is touched, however, the water interlock relay
will fall out, thus shutting down the set.

When the water interlock relay closes, the contactor marked “ Fil-
ament M.G.” will close, providing the * Filament Stop Switch "’ on the
front panel of the power amplifier and control unit is closed or in the
#“ On” position. The contactor serves to start up the filament motor-
generator set by closing the coil cireuit in the 73-horsepower magnetic
resistance starting box located at the top rear of the power control
panel. This is a “ step ” type starter and will automatically bring the
machine up to speed properly without overloading, even temporarily, the
supply line. )

When the 500-volt bias machine builds up so that it energizes the
field of the filament generator, filament supply voltage will build up
gradually as evidenced by the voltmeter reading on the power amplifier
meter panel. The crystal oscillator unit filament voltage will also
build up as indicated on its individual meter. The white 500-volt
cireuit-indicator light on the control panel will light.

Bring the generator up to 21 volts by turning in a counterclockwise -
direction the filament rheostat on the power amplifier and control panel.
Afterwards adjust the filament voltage on the crystal oscillator unit by
adjusting the rheostat provided on the front panel of the modulated
exciter unit.

When the filament supply voltage reaches approximately 20 volts,
the filament interlock contactor on the power control unit will go in,
providing the doors are closed tight. This lights the green filament
light on the power amplifier panel and also the white 21-volt circuit-
indicator light on the power control panel. At this instant also the
contactor (marked bias voltage) will close, the crystal oscillator unit
supply rectifier will start up and supply power to this unit, and the
coil circuit in the magnetic resistance starter box located in the lower
rear part of the power control panel will be energized. This step starter
will bring the high-voltage supply machine up to speed in a manner
80 as not to disturb the supply line.

Note: Thermal overload cutouts are provided in each of these two ~
starter boxes. They must be properly set to insure uninterrupted
normal operation. The red indicator light, denoting that the high-
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voltage plate supply machine is in operation, will light providing the
plate stop switch on the power amplifier panel is not in the “ Off ”
position. If the switch is closed, the bias interlock on the power control
panel would have gone in when the 500-volt bias and excitation genera-
tor built up voltage. This serves to energize the field of the high-voltage
generators and apply bias so that the transmitter begins to function
properly.

If the circuits are properly adjusted, the transmitter will function
properly; if an overload condition exists, the overload circuit-breaker
located behind the front panel on the power amplifier and control unit
will release, thus removing field excitation from the high-voltage gener-
ators. The overload relay is to be operated without oil, and with the
damping holes uncovered. If the overload relay does trip, it may be
reset manually by pressing the “ Reset’’ button on the front panel
located directly over the water pressure gauge, or reset electrically from
the remotely located operator’s desk by pressing the electrical reset
" button there.

Automatic Stop.—The transmitter will automatxcally stop itself for
any of the following reasons:

(a) Water temperature excessive.

(b) Water pressure low.

(c) Failure of water circulating system through faulty motor,
pump or from loss of water because of excessive leakage.

(d) Filament voltage too low.

(e) Door open.

(f) Blown fuses on power control panel.

{9) Low bias voltage because of faulty bias machine.

(h) Stopping of filament motor-generator set owmg to opening
of thermostatic overload devices.

Individual plate rbeostats are incorporated for each high-voltage
generator. That for the 0 to 3000 volt unit is located in the rear of the
power amplifier and control frame, and available for adjustment pur~
poses through the rear door. The rheostat controlling the voltage
on the second machine is located on the front panel of the power ampli-
fier and control unit.

The sequence in stopping the transmitter is descnbed as follows:
When the “ stop button ”’ on the power amplifier panel or on the opera-
tor’s desk is pushed, master contactors on the control pane] fall out,
breaking the field excitation on all generators except the exciter genera-
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tor and stopping the water circulating pump. The red high-voltage
supply light goes out. At the instant that field voltage is removed
from the filament machine, the filament interlock contactor falls out
which shuts down the plate motor-generator set, removes the green
filament light from the power amplifier panel and cuts off the crystal
oscillator unit rectifier supply. As water pressure falls, the filament
motor-generator set stops and the water light goes out on the power
amplifier panel.

When leaving the set for a long interval, it is well, after the set
stops, to open the main primary power supply switch which shuts down
the transmitter completely except for crystal heater power, which is
separately fused and operated from the lighting circuit so that it may be
left more or less permanently connected.

The adjustment of this transmitter requires considerable care.
The following information should prove to be a valuable aid to the
operating personnel in making the necessary adjustments.

Crystal Oscillator Unit.—For frequencies higher than 1200 ke. the
lower half of the plate circuit inductance coils in both of the buffer
amplifier stages should be permanently short-circuited. When adjust-
ing the condenser settings, care should be taken to see that the dial
readings are approximately the same at all times, otherwise the crystal
oscillator unit will double its initial frequency in the last buffer stage.

Note on the Adjustment of Crystal Oscillator Unit.—For operation
of the erystal oscillator on frequencies higher than 1000 ke. the following
revisions are necessary.

Tank circuit coils on both amplifiers, designated as items 125 and
136 on the schematic diagram in Fig. 470, must be revised by short-
circuiting one-half of the coil. A short-circuiting link is provided for
this purpose. The excitation tap to the next stage must also be moved
to come directly to the same tap which goes to the plate of the tube.

A similar plate coil designated as item 102 must be revised by short-
circuiting one-half of the coil winding by means of the removable link
provided for this purpose.

TABLE OF TYPICAL METER READINGS

Crystal Oscillator Unit:

Filament Voltage. . ...................... 7.5 volts

. Crystal Oscillator Plate Current. .......................... 35 milliamperes
First Buffer Amplifier Plate Current.......................... 20 milliamperes
Second Buffer Amplifier Plate Current. ................ ...... 20 milliamperes
Crystal Oscillator Plate Voltage............ 185 volts

Buffer Amplifier Plate Voltage............. 550 volts
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Third Buffer Amplifier:

Filament Voltage......................... 10 volts

Plate Voltage. . .. ........................ 1600 volts

Screen-Grid Plate Voltage................. 700 volts

Grid Bias Voltage. .................... ... 375 volts

Plate Current.................. ... ... .. .......... e 60 milliamperes

Grid Current....... ... ... . . 4.5 milliamperes
Modulated Amplifier:

Filament Voltage......................... 10 volts

Plate Voltage. .. ......................... 1250 volts

Series Grid Voltage....................... 500 volts

Grid Bias Voltage. ....................... 475 volts

Plate Current. ... ... ... ... .. . 140 milliamperes

Grid Current. ....... ... .. 29 milliamperes
Modulator:

Filament Voltage......................... 11 volts

Plate Voltage. .. ......................... 3000 volts

Grid Bias Voltage. ....................... 110 volts

Plate Current..... ... ... ..ottt iienen 100 milliamperes
Power Amplifier:

Filament Voltage......................... 21 volts

Plate Voltage. .. ......................... 6000 volts

Grid Bias Voltage. .................... ... 375 volts

Plate Current. .. ... .. ...ttt 550 milliamperes

Grid Current. ...... .ot e 20 milliamperes

These readings with the exception of the value for filament voltage
are only typical and may be used as a guide toward the proper adjust-
ments. Under some conditions of adjustment the actual readings may
deviate slightly from the values given in the foregoing table.

STATION MAINTENANCE—TYPE 1-B BROADCAST TRANSMITTER

Safety.—Operators are cautioned against working on the trans-
mitter when door interlocks are wedged. The apparatus is designed to
be dead front, and so arranged that contact with dangerous circuits is
impossible. Certain deliberate violations of safety provisions, such as
wedging the interlocks in order to operate with doors open, cannot be
guarded against in the design of the transmitter. It is well to emphasize
that voltages positively dangerous to human life are being handled
within these units. Caution should be observed to prevent accidents.
Contact with the high-voltage power supply would in all probability
result in death. An interlock is a safety device for protection against
personal injury and should always be regarded as such.
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Condensers in d-c. circuits are arranged so that they are automat-
ically drained of their charges when voltage is removed from them.
Always remember, however, that it takes a few seconds for the high-
voltage generators to come to rest and that their generated voltages
come to zero slowly. Always notice before making circuit adjustments
that these machines have come to rest before touching any part of the
inside circuits.

Meter panel protective glass should never be left off during operation.
Terminal board covers should also be in place when the set is in opera-~
tion.

Never adjust zero reading of meters with power on as in many cases
the meter potentials from ground greatly exceed the insulation of the
zero adjustor. It is to be noted that all plate current meters are at full
plate voltage from the ground. Hence the need for strict caution
regarding zero adjusting and keeping meters covered with their glass
panels.

Routine operation of the 1-B transmitter is not unlike that of any
other type of transmitter. Careful maintenance which eliminates
chances for breakdown at some inopportune moment is the best insur-
ance for reliable uninterrupted program service. Before program time,
it is always good policy to put the transmitter on the air for a few
minutes, to allow a check on performance and still leave time for adjust-
ment or tube replacement before the scheduled program starts. The
station can, however, in emergency be put on the air in just a few.
seconds after pressing the ‘ Start ”’ button.

When changing vacuum tubes in any part of the set, a record should
be kept of the period of service. Actual hours of life can be computed
from the station log sheets,

Vacuum tubes of all types used in the transmitter should be mounted
in a rack enclosed in a wooden structure or in any other safe place
where they will be instantly available in case of need. For replacement
of any air-cooled tube, the set need not be off the air for more than a
few seconds. Replacement of the water-cooled tube has been made
easy by equipping the jacket with a tilting device, by means of which
the top of the tube may be pulled forward to facilitate its removal
through the front panel. The length of time required to change tubes
depends to a large extent on the skill of the operator.

Broadcasting stations are still a great attraction to the layman, and
usually have an endless succession of visitors. The appearance of the
station is, therefore, very important. All panels may be occasionally
rubbed down with a thin oil-dampened cloth. Brass parts, such as
buses to transmission line, water piping, etc., may be polished occa-
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sionally. For this purpose, Noxon cleaner is strongly recommended
because its application is not a tedious one. After polishing, the luster
may be preserved by wiping the polished surfaces with a cloth slightly
moistened with whale oil.

TYPE 50-B 50,000-WATT BROADCAST TRANSMITTER

Rating.—The RCA Broadcast Transmitter, Type 50-B, has a nomi-
nal output rating of 50 kilowatts. "It must be explained that this rating
is in accordance with conventional form where no account is taken of the
degree of modulation. This is the transmitter output on unmodulated
carrier frequency only. When a carrier frequency is modulated com-
pletely, or 100 per cent, the peak output must reach 200 kilowatts.
Therefore, tube capacity is provided for an output of 200 kilowatts.

Frequency Range.—The equipment can be adjusted for maximum
performance and efficiency for any frequency between 550 and 1500 ke.
Crystals are supplied for one frequency only and a change of frequency
necessitates a change of crystals.

Power Supply.—The entire equipment has been designed to operate
from a primary source or power of 2300 volts, 60 cycles, 3 phase, 3 wire.
The maximum allowable variations in primary line voltage are plus
or minus 5 per cent of mean value of 2300 volts. Variations of greater
magnitude than this require some form of voltage regulating equipment.

Vacuum Tubes.—The vacuum tubes for this transmitter includes
the following types and quantities:

4 UX-210 2 UV-203-A 3Uv-217-C
4 UX-865 2 UV-863 10 UX-866

1 UX-860 2 UV-862

3 UV-849 6 UV-857

The position of these various types of vacuum tubes in the general
scheme of the transmitter is shown in Fig. 490.

Type of Circuit.—A schematic diagram of the transmitter is shown
in Fig. 491. The carrier frequency is generated by a crystal-controlled
master oscillator, amplified by six successive stages of radio-frequency
power amplification and delivered to the antenna through a transmis-
sion line. Audio-frequency input passes through two stages of ampli-
fication to the modulator circuits. The radio-frequency carrier is mod-
ulated in the fourth stage of amplification, the succeeding two power
amplifiers operating as linear balanced amplifiers. The power circuits
for operating the radio system are arranged for various methods of
control; namely manual, semi-automatic or full automatic. Water
flow actuated devices, temperature indicators, gradual filament voltage
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application to filaments, automatic surge overload protection with auto-
matic reset, automatic voltage regulation in the power rectifier with
optional manual motor or manual hand operation, rectifier control
from several positions, visual control indicators, and timed sustained
water flow after the removal of power are some of the features of the
control system.

Frequency Control.—Refined practical methods of carrier frequency
control have been utilized in this. transmitter, which will maintain
the requisite frequency stability. Means are provided for main-
taining the frequency of this transmitter accurate to within a few
cycles of assignment over long periods of time, and where corrections

Y
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Fia. 490.—Arrangement of tubes and power circuits of the RCA 50-kw. broad-
cast transmitter.

~ are necessary they can be made by temperature-compensation methods.
A crystal-controlled master oscillator and two buffer amplifiers are
built into a compact and complete unit with essential meters and con-
trols in view and accessible. (See Figs. 492 and 493.) To insure per-
manent and reliable adjustment, the internal parts of the unit are com-
pletely enclosed in metal shields. The tubes can be readily removed
and inserted. Two such units with individual plate and bias supply
rectifiers, and transfer switches, are provided in each transmitter.
Method of Power Control.—The incoming power line is divided into
two branches: (1) 100 kilovolt-ampere circuit for motor-generator, con-
trol, and auxiliary power; (2) 258 kilovolt-ampere transformer capacity
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for the main rectifier. The actual power consumed from the primary
power line, when the transmitter is in full operation, is about 230 kilo-
watts at 86 per cent power factor. There is no particular need for
accurate voltage regulation in the distribution circuit except for the
rectifier filaments, and here a manually operated rheostat is provided.

AORRBE ARBBBe

Baal b,
100199
3' a'.

i

F1a. 492.—Frequency ‘control panel of the RCA 50-kw. broadecast transmitter.

Power for the main rectifier circuit is controlled by two methods:
(1) automatic induction voltage regulation, (2) step starting with resist-
ance. When starting the rectifier and amplifiers it is important that
power be applied to the plates at reduced voltage and increased gradu-
ally. This is done by first applying the power through a resistance in
the a-c. line which, after an interval of time, is shorted out. Meanwhile
the induction voltage regulator is increasing the voltage, and full
voltage is obtained from the rectifier in approximately six seconds..
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The induction voltage regulator can also be operated manually from a
control switch which reverses the motor as desired or by means of a
crank on the regulator.

The power rectifier can be switched on or off from three positions,
namely, the control panel, the 50-kilowatt amplifier, and the operator’s

Plate Tand induitance

e P2t Tuning
' Condanser

Filament Switch

UX-860 Tube
n Socket

= Vacuum Tube Relay

Crystal Unit

Rear Operating
Switch Panel

Speech Amphfier
with Sheeld -

£ ' e Terrninal Board

Fia. 493.—Left-hand side view of the frequency control panel of the RCA 50-kw.
broadcast transmitter.

control unit. Right- and left-hand views of the power and rectifier
control apparatus are shown in Figs. 494 and 495.

Protective Devices.—The various devices used with the transmitter
for safety of operating personnel and protection of the apparatus,
include the following:

Water flow relays that prevent damage due to water failure.
Water temperature indicating thermometers.
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Filament no-voltage protection on both d-c. and a-c. tube fila-
ments.

Bias no-voltage relays.

Timed filament voltage build-up.

Step starting for the power rectifier.

Overload release on circuit breakers for both branches of power
circuit.

Graptuz Amgiiber
Fiament Voltmetar

Graphic Primary
Line Voitmeter

Voltmeter

Protector Bulb Graphic Rectifier

Ammaeter

Graghc Rectifier
Fitamment Yoitmeter

Rectilier
Starting
Resistors

£ A Bias Relay

Rectitier
Auxiliary Contactors

Filament Voltage
Relay

Time Limat
Relay

Fia. 494.—Right-hand side view of the power and rectifier control apparatus for
the RCA 50-kw. broadcast transmitter.

Power rectifier surge overload relay with automatic reset.

Power rectifier sustained overload trip.

Intermediate rectifier overload trip.

Sequence interlocks that protect each successive operation in
either starting or stopping.

Thermal overload relays in each motor starter circuit.
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Fuses in all branch circuits.

Disconnect switches in high-voltage circuits.

Filament burnout relay on the 5-kilowatt amplifier that removes
plate power when circuit unbalance is caused by tube failure,
and removes filament voltage where both tubes take their
filament current through a resistance.

\ (0 ]| /&

Voltage

/, / Transformers

e . "

Primary (2300 V) ‘& X ?‘? i : i
imary (2300 V. ¥ JRE " Transformers
Hook-Disconnect ” g 0 R

Switches & Fuses

Circuit - Breaker

Circut Breaker
2300 ¥

— Gl Tank for
Circult Breaker

Fi1a. 495.—Left-hand side view of the power and rectifier control apparatus for the
RCA 50-kw. broadcast transmitter.

Switches on all doors that remove bias and plate voltages, thus

protecting the personnel from accidental contact with high
voltages.

Timed water flow after removal of power tubes to assure complete
cooling.

Automaticdrain of cooling water to prevent freezing in cold weather.

Visual indicators as a guide to all important circuit conditions.
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Antenna Coupling.—A two-wire transmission line is used for coupling
the antenna to the power amplifier, as described in the section on the
1-B transmitter. This provides an efficient method of coupling when
the antenna system is at some distance from the power apparatus.
The transmission line is a high impedance circuit and the losses in it are
low. When it is properly balanced to ground, radiation from it is
negligible.

Audio Characteristics.—From the input to the high power audio
speech amplifier to the modulated power transmitted from the antenna,
this transmitter has an audio-frequency characteristic substantially
flat, when a constant voltage input to the speech amplifiers at frequen-
cies from 30 to 10,000 cycles is used for measurements.

Modulation.—This transmitting apparatus employs what is known
as a “low level ” modulation system. This is in contrast with the
“ high level ” system in which the audio currents are amplified to suffi-
cient power to modulate the output amplifier by the constant current
method. In a low level modulation system the audio circuits are very
simple. The radio-frequency system is modulated at a point some-
where in the low power stages where 100 per cent modulation can be
obtained without objectionable power loss.

The 100 per cent modulation system has a great many advantages
over the older practice of 30 to 50 per cent modulation, since the peak
output in the former case reaches 400 per cent of carrier output, whereas
the peak output for 50 per cent would be but 225 per cent of carrier out-
put. The average output from a 100 per cent modulated transmitter
is greater than the average output for lower percentages. This increased
output of power into the antenna gives a greater range of usefulness to
the station, a greater area of coverage, and a greater ratio of signal to
interference level.

Mercury-Vapor Rectifiers.—This transmitter uses mercury-vapor
hot-cathode high-voltage rectifier tubes. These tubes are much Iess
expensive than their equivalent rated high vacuum rectifiers, and are
much more efficient. Two low power rectifiers which supply plate and
bias for the crystal oscillator-amplifier units are used also. These are
single-phase full-wave rectifiers, with maximum output of 600 volts.
There is also a three-phase full-wave 3000-volt rectifier producing plate
power for the low power radio stages, the modulators and the speech
amplifiers; also a three-phase full-wave rectifier (power rectifier) pro-
ducing from 10,000 to 20,000 volts for the plates of the linear amplifiers.

(a) The two three-phase full-wave rectifiers are connected in such
a way as to obtain a series arrangement of tubes on each phase. By
this method, the rectifier plate transformer voltage can be much less
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than with the so-called six-phase or three-phase double Y connec-
tion.

(b) Another important advantage of mercury-vapor rectifiers is
their stability of voltage regulation. The internal resistance of the
tubes is so low that the voltage drop is negligible over a wide range of
load currents. (Refer to Fig. 490 for the various types of tubes used;
also the transmitting tube characteristic chart in the Appendix.)

Cooling System.—There are four vacuum tubes which require water
cooling. Approximately 50 gallons of water per minute circulate through
the system, propelled by a motor-driven centrifugal pump. When not
in use, the water flows back into 2 300-galion storage tank, and all parts
of the equipment are .drained. When the pump starts, water is forced
through the pipes, cooling radiators, water hoses and tube jackets, and
returns to the drain tank. In normal operation, the water system
must carry off the heat produced by the dissipation of slightly over 100
kilowatts of power.

The hot water passes through the cooling radiator where the heat
is removed from the water and blown or radiated into free air. The
radiator and its centrifugal blower is located out of doors at the rear
of the building. The blower forces air through the radiator pipes at the
rate of approximately 15,000 cu. ft. per minute. The heat of the
exhaust water from each linear power amplifier unit can be observed
by the indicating dial thermometers.

LOW POWER RECTIFIER AND AUTOMATIC CONTROL UNIT
(‘A" PANEL) OF MODEL 50-B TRANSMITTER

Description.—Front, rear and side views of this unit are shown in
Figs. 496, 497 and 498. The panel contains three individual mercury
vapor rectifiers, various contactors and relays associated with the
control circuits, and condensers and reactors associated with the oscil-
lator-modulator-amplifier panel. The filament voltmeter is calibrated
to read voltage on the primary side of the filament transformers. A
voltmeter transfer switch (Fig. 496) transfers the filament voltmeter to
any one of the three rectifier filament circuits. A heavy duty snap
switch, located behind the tube door between the crystal unit supply
rectifier tubes, disconnects the filament primary voltage.

The mercury-vapor rectifier tubes are arranged according to the
circuit in which they operate. Along the lower part of the tube com-
partment are six UX-866 tubes. They operate in a three-phase, full-
wave, series-arranged rectifier circuit so as to produce approximately
3000 volts. This is known as the intermediate rectifier. The power
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thus obtained is thoroughly filtered and is used for plate power for the
modulated amplifier, the speech amplifiers and modulators. Immedi-
ately above the intermediate rectifier tubes are two groups of two UX-866
tubes which act as single-phase, full-wave rectifiers supplying plate
power to the individual crystal oscillator units. The output voltage is
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Fig. 496.—Front view of the low-power rectifier and automatic control unit of the
50-kw. transmitter.

applied across a voltage divider with a ground point located near the
negative end. With this arrangement, various taps are taken to supply
bias plate voltage for the crystal oscillator, and for the two screen-grid
buffer amplifiers in the crystal unit.

The narrow panel above the tube compartment contains the volt-
meter transfer switch already mentioned, and three red indicator lights.
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The indicator lights, directly above each crystal unit rectifier, indicate
which of these rectifiers is in use. The middle indicating lamp functions
in the control circuit and will be mentioned later.

Below the tube compartment on the main panel are two rhecstats,
used to regulate filament voltage for the crystal rectifier filaments.
Between these rheostats are two push-buttons which start and stop
the entire station when the control circuit is arranged for automatic
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F1a. 497.—Rear view of the low-power rectifier and automatic control unit of the
50-kw. transmitter.

control. When manual control is used, these buttons start and stop
the cooling system. On this panel there are six red and green indicating
lamps, four control snap switches, an overload relay for the intermediate
rectifier, and a long-time limit relay used to time the operation of the
cooling system for the entire transmitter after power has been removed.

The terminal board for the “ A " panel is located at the bottom of
the unit 10 in. to the rear of the front panel. It is made accessible by
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removing the narrow section of the front panel which is retained in
place by four cap screws. The tube compartment is accessible through a
door which opens downward. This is interlocked in such a way that

Voitmeter Resistor

L' Voltmeter Switch
o i S l i {f‘ﬁm‘i;mf Rectifiers,
T - o) . Filter & Potentiometers
| G éb s 3 |

Crystal Unit Rectifier
Plate Transformer

Crystal Unit Rectifier
.+ Filter Reactors
Rect. Tube Compartment
Rectifier. Filament

5 ormer

- Grystal Recttier
Fiament Rheostat

Rear of Indicating -
Lights .

intermediate Rectifier
Filter Condenser -

Rear of Control Switches

Speech Amplitier

Filament Reactors
Main Unit :

Terminal Board

F1a. 498.—Right-hand side view of the low-power rectifier and automatic control
unit of the 50-kw. broadcast transmitter.

immediately upon opening the door all dangerous voltages are automat-
ically removed from the entire transmitter.

EXCITER-MODULATOR UNIT (‘‘B” PANEL) OF THE
MODEL 60-B TRANSMITTER

Purpose.—This panel, a rear view of which is shown in Fig. 499,
performs the following functions:

1. Produces a constant frequency by means of a erystal-controlled
oscillator.
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2. Amplifies this carrier frequency to a power level sufficient to
excite the succeeding 5 kilowatt amplifier.

3. Receives low-level audio energy from the incoming audio
line and amplifies this to a level sufficient to modulate
the radio-frequency system 100 per cent.
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Fuses for Control
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Modulation Reactor Filament Transformer

Aux. A.C. Filament
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Fig. 499.—Rear view of the speech amplifier and exciter-modulator and
crystal-controlled amplifier of the 50-kw. transmitter.

Crystal Oscillators.—Two complete crystal oscillator units are
mounted side by side behind glass-front doors, with connections ar-
ranged so that either of them may be used at will. These units and
the ones discussed in the previous section on the 1-B transmitter are
identical.

Radio-Frequency Power Amplifier.—The “ B ”’ panel contains two
stages of radio-frequency amplification. The first is a straight radio-
frequency amplifier employing a UX-860 screen-grid tube. This stage
receives its excitation directly from the crystal unit and delivers its



SPEECH AMPLIFIER UNIT—MODULATORS 973

output from the tuned plate circuit into the grid of a UV-849 tube used
as an amplifier. This latter amplifier has a nominal output of 150 to
250 watts with a steady plate voltage of 2000 volts. This stage is
known as the modulated power amplifier since its output is modulated
by the audio voltages received from the speech amplifier and the mod-
ulators. The plate circuit is tuned, and the output from this stage is
inductively coupled into the 5-kilowatt amplifier shown in Fig. 500.
Both radio-frequency amplifiers are equipped with plate ammeters, and
the modulated amplifier also has a grid ammeter. An analysis of the
audio circuit is given in the following paragraphs because at this point
in the general arrangement of the transmitter circuit, the carrier fre-
quency is modulated by the audio-frequency currents.

Audio Input.—The audio-frequency output from the station audio
control room enters the transmitter through the speech amplifier. The
speech amplifier unit is a complete assembly located in the lower part
of the “B’” panel. It contains two stages of resistance coupled,
audio-frequency amplification, using UV-203A tubes at 1000 volts plate
potential. Incoming signals go through a step-up transformer shunted
on the secondary side with a gain control before reaching the grid circuit
of the first amplifier. The speech amplifier has sufficient gain so that
with an audio input level of —10 db it will excite two UV-849 tubes
connected in parallel as modulators sufficiently to give 100 per cent
modulation of the modulated amplifier stage. Individual plate meters
and a common filament voltmeter are provided. Each stage can be
carefully checked for quality by means of listening jacks located in the
output of each stage.

Speech Amplifier Unit.—The speech amplifier unit is provided with
flexible connections so that it can be made entirely accessible by its
withdrawal from the frame. The two amplifier tubes are normally
accessible for replacement through a door in the middle of the speech
amplifier panel.

Modulators.—The two modulators in parallel receive their excita-
tion from the speech amplifier. The bias voltage can be separately
regulated for each tube by means of potentiometers. Bias should be
so adjusted that the plate current for each tube is the same. With
3000-volts on the plate this should be approximately 0.100 ampere per
tube. Each modulator tube has a grid and plate current meter.

The modulated amplifier is modulated by the constant current or
Heising system, with the exception of a modification which increases
the usual percentage of modulation obtained in the common arrange-
ment of this circuit. The plate voltage applied to the modulator tube
is approximately 3000 volts, and the modulators are excited sufficiently
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to produce a peak reactive voltage across the modulation reactor of
approximately 2000 volts maximum when the input to the speech ampli-
fier is at its normal level. In order to obtain plate modulation, the
modulated amplifier and the modulators have a common supply voltage.
For 100 per cent modulation, it is necessary to reduce the voltage on the
amplifier from 3000 to 2000 volts by means of a resistance. A large
condenser of low reactance to all audio frequencies is shunted around
the resistance. The audio voltages delivered by the modulators are
admitted to the plate of the modulated amplifier, without appreciable
drop, through the condenser leg of the circuit. One hundred per cent
modulation is therefore accomplished by delivering a peak audio voltage
of exactly the same amplitude as the applied direct voltage.

Output.—The modulated radio-frequency output from the modu-
lated-amplifier is wired to the input of the 5-kilowatt amplifier through
a coupling coil and short transmission line.

Crystal Unit Transfer Switch.—The middle switch on the switching
panel beneath the crystal unit doors is used to change from one crystal
unit to another as indicated on the name plate. Each ecrystal unit
works with its individual plate and bias supply rectifier. Therefore,
rectifiers are automatically changed when crystal units are switched.
In case of failure of a vacuum tube, or a crystal, or abnormal frequency
drift due to any unusual cause, the second unit waiting in readiness can
be switched into the circuit, with but a brief interruption in output, by
manipulating the crystal unit transfer switch.

Removing Speech Amplifier from Panel.—The design of the speech
amplifier provides means for sliding the entire unit forward from the
panel where it is fully accessible for testing, changing bias batteries or
servicing. The terminal board connections are flexible and of suitable
length to allow withdrawing the unit without disconnecting the leads.
The unit is interlocked to assure the removal of high voltage when the
tube compartment door is open. When the voltage is applied with the
unit withdrawn no protection from the 1500 volts direct current is
available and extreme care in handling is recommended. The shield of
the unit is readily removed after the unit is withdrawn.

Listening Jacks.—For monitoring purposes, a listening jack is asso-
ciated with the output of each stage into which a pair of high impedance
telephones are inserted. In parallel with the second listening jack is a
wire running to the audio input apparatus in the control room for moni-
toring the input to the modulators.

Filament Supply for the Exciter-Modulator Unit.—The filaments are
operated directly from the main filament bus, through a filter composed
of a condenser and reactor. Each speech amplifier tube has an indi-



5-KILOWATT AMPLIFIER 975

vidual filament filter reactor and condenser. Most of the drop in fila-
ment voltage from 32 or 33 volts, to 10 volts, is obtained in the reactors,
but variable resistors are provided for final adjusting to the specified
voltage.

Plate Supply.—Plate power is derived from the intermediate rectifier
through series resistors. The plate resistors drop this voltage to 1000
volts, applied at the plates of the UV-203A tubes.

6-KILOWATT AMPLIFIER (‘‘ C” PANEL) OF MODEL 50-B TRANSMITTER

Assembly and Parts.—The assembly of this panel and the principal
parts are shown in Fig. 500. The parts associated with the 5-kilowatt
amplifier are:

(a) 5-kilowatt amplifier.

(b) Plate voltage hook disconnect switch.
(¢) Plate voltage reducer unit.

(d) Filament filter reactor.

Water Cooling.—Water is fed to the unit by a 2-in. pipe in parallel
with that supplying water to the 50-kilowatt amplifier. The water
system reduces to £ in. inside the unit. One valve in the input water
line permits the water to be shut off from the front of the panel. Water
interlocks are located in the outlet from each tube. A dial thermometer
with external bulb indicates the temperature of the exhaust water from
two tubes. Approximately 5 gallons of water per minute per tube are
used. If more than this amount flows, it should be reduced to normal
value by means of the valve on the front panel.

Filament Voltage.—This is taken from the 32-volt bus through a
filter reactor and resistor, which is usually located in the basement and
which filters the filament supply and drops the voltage from 32 to 22
volts. The reactor, the resistor mounted on the reactor, the filament
bus and the burnout relay resistors together must give a drop of 10
volts. The voltage required at the tube filaments is 22 volts. Small
adjustments are made by means of taps on the reactor-resistor.

The filament voltmeter indicates filament e.m.f. A filament dis-
connect switch is mounted behind the door in the upper right-hand
side of the tube compartment.

Filament Burnout Relay.—The filament burnout relay is a differ-
entially wound relay, so connected that the two magnetic fields are
balanced against each other when both coils are energized, with a
resultant force of zero on the plunger tripping device. When the cur-
rent through one side of the relay fails, the remaining field is enough
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to operate the plunger, opening a pair of contacts. The normal poten-
tial required across each coil for proper operation of the relay is 1.5 volts.
In this type 50-B broadcast transmitter the filament burnout relay is
energized by taking the required drop across a resistance inserted in the
filament bus for that purpose. When a tube filament fails, the current
becomes zero, at least momentarily, and the current through one side
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F16. 500.—End view of a 5-kw. amplifier panel.

of the relay stops. The relay is actuated by the other coil. After once
opening, the contacts open the power circuits. The relay must be
manually reset.

When one tube fails, the filament voltage for the remaining tube will
rise from 22 to 27 volts, which is likely to be injurious to the tube.
The filament burnout relay is, therefore, arranged to remove filament
power in addition to other power.
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Plate Supply.—Plate power is taken from the main power rectifier
at 18,000 volts maximum through a plate disconnect switch, and reduced
to approximately 15,000 volts by the plate voltage reducer. The normal
load is about 18,000 watts total, including loss in the voltage reducer.

Plate Voltage Reducer Unit.—This unit is composed of resistors by-
passed with a condenser assembly insulated from ground for 20,000
volts. It is connected to the high voltage bus on one side and to the
plus high voltage terminal of the 5-kilowatt amplifier on the other.
The total plate current for this stage in passing through the resistors
produces a voltage drop, and the resistors are adjusted until the voltage
delivered to the amplifier is approximately 15,000 volts. The con-
denser serves to maintain constant voltage when the plate current is
varying at audio-frequency rates.

$0-KILOWATT AMPLIFIER (‘D " PANEL) OF MODEL 50-B TRANSMITTER

Description.—A front view of the 50-kilowatt amplifier panel is
shown in Fig. 501. Figs. 502 and 503 show how the UV-862 water-
cooled tube is mounted.

The output from the 5-kilowatt amplifier is fed into the tuned grid
circuit of the ‘“ D ”’ panel through a short transmission line. The grid
tank circuit is so arranged that the voltage node in the inductance part
of the circuit is floating. The grid tank condenser is arranged with two
sections in series, the mid point of which is connected directly to ground.
The grid tank condenser for each side of the circuit is composed of two
condenser units, one of which is used for frequencies above 800 ke., and
both are used in parallel for frequencies as low as 550 ke. Circuit
tuning is accomplished in steps by clips on various turns of the indue-
tance, in conjunction with a disc variometer for fine variations.

The grid load resistor is of the air-cooled type and so constructed
that its value may be varied up to 600 ohms.

Bias voltage enters the amplifier through a filter circuit after which
it branches to individual grid current meters for each tube. The grid
tank inductance is split at the middle with a blocking condenser of low
reactance, and individual bias voltages are fed to each tube through the
grid tank inductance. This arrangement allows the use of individual
. grid current meters without complicating the grid circuit with the addi-
tion of the usual grid blocking condensers.

Grid tank current is indicated on a 0-25 ampere meter with an
external thermocouple, the latter being connected across the secondary
of a current transformer which is connected in the grid tank circuit.

Each tube has an individual filament supply bus which enters the



978 RADIO BROADCAST TRANSMITTER EQUIPMENT

amplifier through a floor bushing directly from the filament motor-
generator usually located in the basement of the building. The nega-
tive filament is connected to ground and is common to all grounds in
the entire transmitter. The plus filament buses pass through filament
disconnect switches, these being hand-operated, single-pole, single-
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F1a. 501.—The RCA 50-kw. amplifier panel.

throw knife switches, one mounted on each side of the amplifier. Con.
nection is made to the tube filament leads through terminals at the top
of the tube compartment.

Filament and bias voltmeters are located on the power control
panel where the voltage control rheostats are also located. Filament
voltage is adjusted by means of a field rheostat and kept constant by
means of an aufomatic voltage regulator. Bias voltage is varied by
means of a generator field rheostat.

The plate tank circuit (see Fig. 504) is composed of a maple frame
immediately back of the tube mounting frame and contains principally
two large air condensers made up of 30-in. aluminum plates, a plate
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tank tuning inductance with a transmission line and oscillograph rectifier
coupling coil, an oscillograph rectifier for monitoring purposes, a radio-
frequency current transformer, and a static drain circuit to remove
static charges which might otherwise remain on the plate blocking con-
densers. Plate tank inductance is similar to the grid tank inductance,
in that coarse variations in inductance are made by taps and fine varia-
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Fi1a. 502.—Showing how the UV-862 water-cooled tube is mounted in the 50-kw.
amplifier panel.

tions are made by means of a disc variometer operated from the front
panel directly through an extension shaft.

The neutralizing condenser for each tube is made up of a single
30-in. condenser plate mounted parallel with the plates of the plate
tank condenser in such a way that it has adjustable dielectric distance
controlled from the front of the panel. When neutralzing, a hand
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wheel is inserted in the neutralizing adjustment on the front panel,
and the movement of the plate made through sprockets and chain.
The transmission line which supplies power to the antenna is coupled
to the output circuit of the 50-kilowatt amplifier through a transmission
line coupling coil, variable by means of taps. Terminals to the out-
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F16. 503.—Another view showing how the UV-862 water-cooled tube is mounted in
the 50-kw. amplifier panel.

going transmission line are located on the top, at the rear of the power
amplifier tank unit.

The 50-kilowatt amplifier uses two UV-862 tubes which are accessi-
ble from the front of the panel, behind interlocked doors, one on each
side of the mid panel. The tubes are mounted in such a way that all
operations necessary for inserting or changing can be performed from
the front of the amplifier. Ease of manipulation is afforded by the
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tube jacket tilting device which swings the tube mounting outward to
a position where the tube can be conveniently grasped and moved with-
out danger of accidental collision with other parts of the apparatus.
Each tube is equipped with individual water valves. These permit the
water to be shut off from one tube while it continues to run through all
other water-cooled tubes in the equipment. Water and air continue
to flow for several minutes after power has been removed from the
transmitter so that all tubes are thoroughly cooled before the cooling
system is allowed to shut down. Individual water control therefore
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Fi1a. 504.—Showing the component units of the plate tank circuit of the 50-kw.
amplifier.

allows work to be performed on one tube without interfering with the
regular cooling of the others.

Grid Tank Tuning and Excitation Adjustment.—The grid tank
circuit is tuned by means of a fixed tank condenser adjustable in two
steps, by inductance taps, and by a disc variometer in the inductance.
The tuning knobs and dials are the same for the entire set. Each can
be accurately reset by scale divisions and each has a locking device.

Plate Tank Circuit Tuning and Adjustment.—Inductance.—The
plate tank coil is located beneath the tank condensers. It is provided
with a positive contact tapping arrangement and a vernier disc for fine
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tuning. Around the outside of the coil is another coil used for transmis-
sion line coupling, and the pick-up coil inside is used to operate the
monitoring rectifier. Between the two sections of the plate tank induc-
tance the connection goes to the radio-frequency current transformer,
which actuates the plate tank ammeter. The external thermocouple is
mounted directly on the current transformer, the assembly being
shielded against induction other than that due directly to the primary
flux.

Water Flow Interlocks.—The exhaust water line for each UV-862
tube is equipped with a water flow interlock, with electrical contacts for
circuit connections. The interlock is actuated by velocity head caused
by water flow. If, for any reason, water cannot flow through the tube
jacket, the interlock remains in the ‘“ open” position, and it is not
possible for any power to be applied to the tube. Much depends on
the operation of the water interlocks because the burning of the fila-
ments alone without good circulation of cooling water will damage a
water-cooled tube in a short time. Failure of water when the tube is
working at full load will destroy it in a few seconds. The water inter-
locks provided are positive and rapid in their functions, and are so
connected that all power is removed from the water-cooled tubes when
they open.

Water Temperature Indicator and Interlock.—Abnormal heating of
one or both tubes, or the circulation of too hot water, is also dangerous
to water-cooled tubes. The maximum safe temperature for exhaust
water is 160° F¥. Above this heat, the formation of steam bubbles near
the tube anodes causes an abrupt rise in temperature because of ineffi-
cient transfer of heat to the water. The circulation of water for each
UV-862 tube will be approximately 20 gallons per minute.

The exhaust water from the two amplifier tubes passes over a ther-
mometer bulb inserted in the pipe line and this in turn actuates a dial
indicating thermometer mounted on the front of the panel, permitting
the operator to observe the condition of the exhaust water at all times.
Abnormal temperature rise, due to excessive dissipation in one tube
only, is readily noticeable by an increase in the indicated temper-
ature,

The temperature is made to open an electrical contact to remove
power from the transmitter when the temperature exceeds the maximum
temperature. The thermometer contacts are interlocked with the
protective circuit and made to remove all power from the tubes. The
practice is to set the thermometer contact permanently at maximum
safe water temperature of 160° F., allowing normal operating variations
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below this value to go as they will. Any troubles which would causc
excessive heating would be more readily indicated by the other meters
on the amplifier, or the power may be shut off directly by the overload
relays.

Door Interlocks.—Every door in the transmitter allowing access to
back of panel apparatus is interlocked to remove high voltages. The
opening of any door removes all power from the transmitter except fila-
ment volts and the 2300-volt alternating current line on the power control
panel. This latter must be removed by pulling the main station power
disconnect switches in the basement. For all operations of changing
tubes in any part of the equipment, the removal of all but filament
voltage provides complete safety to operating personnel. Pilot lights
are provided to indicate power and circuit conditions.

Tube Hour Meter.—The tube hour meter on the 50-kilowatt ampli-
fier panel operates on 220 volts alternating current and is connected to
the driving motor of the filament motor-generator. The dials are cali-
brated to record hours of operation.

Monitoring Apparatus.—The motoring apparatus includes a rectifier
for operating an oscillograph and loudspeaker. The small amount of
power needed to run the oscillograph rectifier is obtained by inductive
coupling to the plate tank inductance in the 50-kilowatt amplifier.

The rectifier is a complete unit in a shielded case, located at the rear
of the plate tank unit. It uses one UV-217C rectifier tube for half-wave
rectification. The filament of the tube is heated by direct current
from the main filament bus, through a resistance. The radio-frequency
pick-up is introduced across the plate and filament and the rectified
current is made to pass through a relay, a potentiometer and the gal-
vanometer of the oscillograph. When current passes through the relay
it closes a pair of contacts which are wired through to a signal lamp in
the audio-control room showing that the station is on the air. To pre-
vent audio frequencies being choked by the inductance of the relay
winding, it is shunted by a condenser of low reactance to audio frequen-
cies. Across a portion of the potentiometer, voltage is taken to operate
a monitoring loudspeaker in the radio apparatus room, or in the audio-
control room. A volume indicator may be used on this circuit in some
instances for a check on the outgoing level. The oscillograph furnished
for monitoring the outgoing signal in conjunction with the rectifier is
a single element ribbon vibrator and optical system for observing the
audio amplitude and wave-form.
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MAIN POWER RECTIFIER (‘‘ E” PANEL) OF MODEL 50-B TRANSMITTER

Protective Circuits.—An interlock on each door (Fig. 505) is in
series with the main power interlock system used throughout the trans-
mitter. When a rectifier door is opened, the bias, intermediate and
high voltages are removed from the transmitter.

. Door
Interfocks

uv 857
Rectifier
Tubes

ferminal Board Type CV Tube Hour
Cover Undervoltage Relay Meter

F1e. 505.—Front view of the main power rectifier unit for the RCA 50-kw.
broadcast transmitter.

Condenser Bank.—On the load side of the filter reactor, a bank of
20,000-volt condensers (see Fig. 506) is connected across the high
voltage circuit. Two additional similar condenser units are used in
the 50-kilowatt amplifier for plate choke coil by-passes. In the event
of failure of a unit by short-circuit the fuse is blown, and the arc is extin-
guished on the horn gaps with the simultaneous tripping of the surge over-
load relay. The overload relay will open the high voltage circuit and
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therefore extinguish the arc even if it has not extinguished itself on the
horns. When the surge overload relay again closes the high voltage
circuits, the defective unit has been isolated and operation proceeds
without further interruption. The unit that failed is identified directly
by the blown fuse.
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Fia. 506.—The bank of 20,000-volt condensers which is connected across the
high-voltage circuit of the 50-kw. transmitter.

Filter Reactor.—The rectified output is filtered by means of an
inductive reactor and a bank of high voltage condensers. The reactor
is connected in the negative side of the rectifier high voltage delivery
circuit.

POWER CONTROL PANEL (“F ” PANEL) OF MODEL 60-B TRANSMITTER

The main power controls for the entire transmitter, including the
2300-volt primary circuit breakers, and special controls for the power
circuits of the 5-kilowatt and 50-kilowatt amplifiers, and power rectifier,
are located in this unit (see Fig. 507). Indicating and graphic metering
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Fia. 507.—The power-control panel of the RCA Model 50-B broadcast transmitter.

equipment, filament and plate voltage regulation, and protective devices
are controlled and adjusted here.

OPERATOR’S CONTROL UNIT

Remote control of some of the elementary functions of the trans-
mitter is sometimes desirable. An Operator’s Control Unit is fur-
nished for mounting on the operator’s desk by means of which he is
able to start and stop the transmitter, and also to start and stop the
main high voltage supply. The controls in this unit are but extensions
of similar controls on the transmitter proper, so that their use is optional.

The following operations can be performed by the Operator’s Control
Unit.

(1) Start the transmitter.
(2) Stop the transmitter.
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(3) Transfer the rectifier control from automatic to push-button
control.

(4) Start the main rectifier.

(5) Stop the main rectifier.

When the rectifier is automatically controlled, the snap switch
short-circuits the rectifier push-buttons. The snap switch is in series
with another such switch located on the power control panel.

Note: All “Start ” buttons performing the same operations from
different locations are connected in parallel. All “ Stop ” buttons per-
forming the same operations from different locations are in series.

Station Power Equipment.—The following items of power equipment
are supplied with the type 50-B transmitter.

Filament Motor-Generator.—This is a three-unit assembly with a
squirrel-cage induction-type driving motor, a 35-volt 600-ampere d-c.
generator, with separate exciter unit, and two filament generators.

Filament Motor-Generator Transfer Swilch Frame.—This includes the
reduced voltage automatic starter, line switch and fuses for the filament
motor-generator, and other totally enclosed double-throw switches for
transferring starter, load and field controls to either motor-generator.
In addition the automatic filament voltage regulator is here located.
Both machines are connected up for duty at all times and selection can
be made in a few moments by switching. Should it be necessary to
switch from one machine to another during a program, the push-button
on the voltage regulator can be depressed for hand control and the
filament voltage regulated by hand until there is time to adjust the
regulator for the second machine.

Bias Motor-Generator.—Two bias motor-generators are supplied.
This unit is composed of an induction motor driving an exciter and two
separate generators which are placed in one frame. Each bias genera-
tor has individual fields, controls, and commutators.

Bias Motor-Generator Transfer Switch Frame.—The automatic
starter, line switch and fuses, transfer switches for load, and motor and
fields are mounted on one frame from which either machine can be placed
in operation by switching.

Automatic Induction Voltage Regulator.—The regulator is equipped
with a panel of auxiliary and control devices for automatie, motor or
manual control. This controls the input voltage to the main rectifier
plate transformer, and therefore the rectifier output voltage.

Main Rectifier Plate Transformers.—Three single-phase plate trans-
formers are included with the rectifier.

Distribution Transformer.—All low voltage for control and power
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apparatus is obtained from a 100-kva. (kilovolt-ampere) 2300- to 230-
volt three-phase distribution transformer.

Main Power Line Disconnect Switches.—Three 2500-volt 200-ampere
hook disconnect switches are supplied; these are to be used to discon-
nect the power circuits from the incoming primary line.

Filament Filter Reactors.—Two filament filter reactors are included
with the power apparatus. One is used in series with the 5-kilowatt
amplifier filaments and the other in series with the low power radio-
frequency amplifier filaments. These are located
in the basement or any convenient position.

Primary Power Circuits.—A 2300-volt three-
phase power supply is required by the 50-B
transmitter. The power for the transmitter is
divided into two branches. The power line from
the load side of the disconnect switches goes
directly to the power control panel through floor
bushings and is here divided into the distribu-
tion power circuit and rectifier power circuits.

Each circuit breaker is equipped with over-
load automatic tripping devices. These are
operated by the current transformers in the power
circuits. The over-current limits at which the
breaker is to operate can be accurately adjusted.
Each breaker has a red and a green light to
indicate the setting—green when open and red
when the circuit is closed. When the main
station disconnects are open, both lights are out

- ' These breakers require manual reset.

Fia. 508.—UV-869 Power Metering.—The incoming line voltage
transmitting tube. is metered by an indicating instrument and a
graphic recording instrument; both located in

the control panel. They are calibrated with the potential trans-
formers. The indicating instrument reads one phase at a time. It can
be switched into each phase in turn by a three-position voltmeter
switch. The graphic voltmeter is permanently connected in one phase.
The 24-hour chart, calibrated in both volts and time, is useful as a check
on the power company at all times. Off periods due to power failures
are permanently recorded. In two of the three power lines to the main
rectifier are current transformers which operate a single-phase ammeter,
overload trip relays, and a three-phase indicating wattmeter. The
ammeter can be switched to any phase with the three-position ammeter
switch. The wattmeter is permanently connected in the three-phase
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circuit, using the same current transformers as the ammeter and over-
current trip relays, and the same potential transformers as the line
voltmeters.

The over-current trip relays previously mentioned are calibrated
relays set to open-the rectifier power circuit when the line current exceeds
a predetermined safe limit. The use of two relays is necessary to provide
protection in case of overload in any one phase,

Distribution Transformer.—From one oil circuit breaker on the
control panel marked ‘“ Distribution Circuit Switch ”” the 2300-volt line
goes to the distribution transformer. This is a 100-kva., three-phase,
2300-230-volt step~down unit with delta-delta connections. The low
voltage is used for auxiliary power for the motor-generators, interme-
diate rectifier, control circuit and all other low power circuits, including
rectifier filaments.

No means are provided for regulating the low voltage since the
only circuit where the voltage must be correctly maintained is the recti-
fier filament circuit and special regulating apparatus is provided there,
Therefore, the low voltage regulation will be essentially the same as
the primary line voltage regulation because, when the station is in
operation, the load on the distribution transformer is quite constant.

Low Voltage Distribution Circuits.—The various branch circuits
taking power from the 220-volt distribution circuit are listed below.

(a) 3 phase for automatic induction voltage regulator control
circuit.

(b) 3 phase for radiator blower motor.

(¢) 3 phase for pump and air blower motors for cooling system.

(d) 3 phase for bias motor-generator.

(e) 3 phase for filament motor-generator.

(f) 3 phase for all rectifier filaments.

(g) 1 phase for control contactors and relays.

Each branch circuit has a manually operated fused safety switch in
accordance with underwriters’ specifications. In general, these branch
circuit switches are located near the apparatus which they control.
This is considered more desirable than a centralized switching position
because of greatly simplified station wiring, and because the apparatus
affected is directly in sight when its switch is manipluated.

Rectifier Power Circuit.—Beside the “ Distribution Circuit Switch ”
on the control panel is the * Rectifier Circuit Switch ”’ from which
2300-volt power is transmitted through the step starting oil contactors
on the rear of the control panel, down through the floor to the automatic
induction voltage regulator.
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The induction voltage regulator has a range of from 33% per cent
buck to 33% per cent boost of mean 2300-volt line potential. The out-
put from the regulator is applied to the primaries of the three single-
phase rectifier plate transformers.

Power Control Apparatus.—The power apparatus is controlled from
the power control panel, so far as is necessary for the routine operation
of the transmitter. It includes all meters for the power circuits and the
antenna ammeter, also circuit breakers with safety attachments, push-
button for rectifier control, snap switches for manual power control,
field rheostats, instrument switches, protective relays,
control contactors, automatic induction voltage regu-
lator control, indicating lamps, rectifier filament volt-
age regulator and associated apparatus.

The power control unit and the low power rectifier
and automatic control unit contain all the power
control circuits for both automatic and manual control
of the transmitter.

The “A” panel contains two crystal unit rectifiers,
the intermediate rectifier, overload relay for the inter-
mediate rectifier, filters for the three rectifiers, long-
time limit relay, rectifier meters and instrument switch,
indicating lamps, snap control switches and main start
and stop push-buttons and control contactors.

Description and Function of Control Operations.—
The control operations are indicated in their various
steps by indicating or pilot lights. The proper rela-
tion between controls and lights can be determined by
name plates, or by direct association of lights and
Fia. 509.—Type controls such as used with the circuit breakers and
UV-862 water- induction regulator controls.

cooled tube. Filament Generator Field Rheostat.—The field

rheostat is connected in the separately excited field and

provides regulation of filament generator terminal voltage, when

making tests without the automatic regulator. The voltage at the
tube will be indicated on the voltmeter.

Filament Generator Automatic Voltage Regulator.—An automatic
voltage regulator is used to control the main filament voltage of the
filament generator. The regulator is a solenoid-operated device with
the coil connected across the filament bus in series with proper resistors.
The purpose of this regulator is to prevent filament voltage fluctuations
due to heating or changes in speed.
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Bias Generator Field Rheostat.—A rheostat controls the field of the
bias generator for the 50-kilowatt amplifier from approximately 250 to
500 volts. It is so located that the bias voltmeter can be observed
when making adjustments.

Surge Overload Relay.—This relay has the total current output of
the main rectifier passing through its operating coil and is adjustable
for a wide range of currents. It is quick opening and slow closing.
The purpose of this relay is to provide protection from  bumps ”’
or surges which might occur in the power line, or in the radio load, and
has automatic reset with a short-time delay.

Sustained Overload Relay.—This relay is connected in series with
the surge overload relay but has both slow opening and slow closing
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F16. 510.—The operating room of WTAM, equipped with a typical 50-kw.
broadcast installation.

features. Its purpose is to remove overloads of a steady value but of
lower amplitude than the surge overload relay, hence, the relay is
intended to go out when short impulses are passed which may have
sufficiently high amplitude to be dangerous to the apparatus.

Timing Relay.—The timing relay is actuated by the control current
through the water interlocks. When water first starts circulating and
the water interlocks function, the water sometimes surges two or three
times before becoming steady. This relay is slow closing so the filament
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motor-generator will not start until the water has had time to become
steady. ‘

Overload Relays.—Primary line current relays together with current
transformers guard against overloads in the primary line to the rectifier
plate transformer. They are quick opening and quick closing but remain
open as long as the overload persists. The connections take care of
either single- or three-phase overloads. When they open, the contacts
break the rectifier input circuit.

Protective Devices Exclusive of Control Circuits.—All line starters
for motors are equipped with thermal overload relays for three-phase
overload protection. The reduced voltage automatic starter for the
filament motor-generator has an overload relay inside its cover. Fila-
ment burnout relays protect the UV-863 tubes from filament overload
and prevent distorted speech transmission in case of failure of one
tube in the linear amplifier cireuit.

SPEECH INPUT EQUIPMENT

With every broadcast transmitter, there is required some type of
equipment for the purposes of translating audio sounds into electrical
energy. This energy in turn can be applied to a telephone line connected
to the audio input of a transmitter which may be located at some remote
point from the studio. Broadcast transmitters with power outputs
greater than 2 kilowatts are usually located on the outskirts of towns
or cities and studio facilities are provided at such points near the center
of population so that they may conveniently be reached by the broad-
casting artists,

The size of a studio installation depends somewhat upon the capac-
ity of the transmitter and also upon whether the equipment is to be
used to provide programs for other stations such as a chain system.
A large number of 100-watt stations employ only a small battery-
operated amplifier and one or two condenser microphones for studio
equipment. Such a combidation can be used either for picking up
studio programs or for announcement purposes in conjunction with elec-
trical transcription programs.

A studio installation used as a terminal for chain programs is usually
quite an elaborate installation and may have as many as ten studios.
The control room and switching equipment are quite large and compli-
cated. The average broadcast station does not require as elaborate
and complicated equipment as is normally used for the origin of chain
programs and the RCA type D2 speech input equipment was designed
to meet the requirements of average broadcast conditions.
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A front view of the control room rack is shown in the photograph
in Fig. 511, the numbered parts of which are identified as follows:

17-C—Equalizer Panel 24-A—Monitoring Amplifier
16-A—Meter Panel 18-B—=Signal and Control Panel
19-A—Extension Panel 13-A—Volume Indicator
33-A—Jack Panel 12-A—Program Amplifier
8-A—Magnetophone Panel 28-A—Battery Control Panel

11-A—Microphone Control Panel = 36-A—Equipment Shelf

Studio

Fia. 511.—The control-room rack of a 50-kw. broadcast transmitter, which provides
for a two-studio installation with three microphones in each studio. Provision is
also made for handling adjunct or chain programs.

This equipment provides for a two-studio installation with three
microphones in each studio. Provision is also made for handling
adjunct or chain programs. This equipment is capable of handling two
independent programs or it may provide one program and the other
channel may be used for audition purposes. Each channel is complete
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with its interphone and monitoring circuit. It is possible to convert
this equipment into a one-studio installation by omitting the necessary
studio equipment and the right-hand channel of speech input equip-
ment as shown in the photograph. This equipment is operated from
heavy duty storage “ A ” batteries and a 400-volt low capacity plate
battery. The use of batteries provides assurance against power failures
as well as an audio output signal which is entirely free from ripple.

Studio Equipment.—The studio equipment consists of three con-
denser microphones, one of which is
used for announcement purposes and is
mounted on a short stand so that it
may be placed conveniently on a table in
front of the announcer. Two micro-
phones are used for program purposes
and are mounted on an adjustable stand
which allows the height of the micro-
phone to be varied from 50 to 75 in.
from the floor. The announcer’s control
box which comprises part of the studio
equipment consists of control switches,
signal lights and channel monitoring
jacks mounted in a mahogany-finished
box. With each announcer’s control
unit is a pair of monitoring headphones
and an interphone system so that com-
munication may be carried on with the
control-room operator. A photograph
of this equipment is shown in Fig.
514.

Condenser Microphone.—The con-

F1a. 512.—Condenser microphone, denser microphone (see Figs. 512 and
amplifier and program stand. 513) consists essentially of a thin,
tightly stretched diaphragm spaced

approximately 2/1000 in. from a flat dise, called a back plate.
These two form the plates of the condenser. The diaphragm is moved
by the sound vibration striking it and thus the capacity of the condenser
is varied. This variation in capacity generates a variable voltage
which is conducted to the input of a three-stage resistance capacity
coupled amplifier utilizing three UX-864 tubes which have an extremely
low microphonic response. This amplifier has a transformer output
and may be connected so that it will feed into a line having an impedance
of either 250 or 500 ohms. With a sound pressure input of the con-



CONDENSER MICROPHONE 995

denser microphone of 10 dynes per square centimeter the amplifier
should give an output of approximately 0.0275 volt at 1000 cycles.
This represents a power level of —35 db. The amplifier requires
approximately 2 milliamperes at 180 volts, 3 milliamperes at 90 volts

UX 864 Tubes

F16. 513.—Disassembled view of a 3-stage amplifier and condenser microphone.

and 0.25 ampere at 6 volts. The 180-volt supply is used as a polarizing
voltage on the condenser microphone unit. The power supply and the
audio output of the amplifier are connected through a 30-foot shielded
cable to a plug. This plug operates in conjunction with a wall outlet

F1e. 514.—The type 7B announcer’s control unit, consisting of monitoring head-
phones and an interphone system for communicating with the control-room
operator.

which fits into a standard baseboard outlet box. The frequency char-
acteristic of the microphone is substantially flat between 30 and 10,000
cycles, which allows it to pick up faithfully all sounds imposed on the
diaphragm. Advantages of the condenser microphones over other
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types are their good quality and the lack of hiss and distortion so
common in carbon microphones.

Type 7B Announcer’s Control Unit.—This unit is provided for use

of the announcer in order that he may have perfect control over his
program and know exactly what position he is operating in. Refer
to the photograph shown in Fig. 514 for identification of the units given
in the following list:

Item.

1. Control for operating the studio relay which is located on the 18B
panel in a control room.

2. Corresponding position signal lamp.

3. Controls the adjunct relay which is located on the 18B panel.

4. Corresponding signal lamp for above.

5. The “ Off ” control for the foregoing two positions.

6. Controls the line relay which is located on the 18B panel and

~ which controls the audio output of the 12A amplifier.

7. Indicating lamp for this position.

8. The “ Off ” control for this position.

9. Button for controlling the announce relay located on the 18B
panel.

10. Corresponding signal lamp for above.

11. Button for controlling the program relay located on the 18B panel.

12. Associated signal lamp for above.

13. “ Off 7 control for Items 9 and 11.

14. Channel signal lamp. This unit is so laid out that it can be used
with any number of studios up to four.

16. Channel monitoring jacks.

16. “ Ready ” signal which is an indication from the control room for
the announcer to proceed. This is controlled from a switch on
the 18B panel.

17. Interphone signal lamp.

18. Interphone which provides communication between the announcer
and the control-room operator.

19. Telephones operate in conjunction with Item 15.

The announcer’s unit is so constructed that by removing four screws

the panel may be lifted out from the cabinet in order that contacts and
various circuits may be checked out or inspected.

All break circuits on the key switches are by-passed with a resistance

capacity filter in order to prevent any clicks or surges from being intro-
duced into the audio channel.

The major panels making up the control room assembly are as follows:
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Type 8A Magnetophone Panel.—This panel is supplied to provide
communication between the control-room operator and the transmitter
control room or between the control-room operator and various local
pick-up points. It consists of a 5-bar ringer, signal system, monophone
unit, telephone transformer and a line output transformer. A front
view of this panel may be seen by referring to the photograph, Fig. 515.

F1a. 515.—Type 8A magnetophone panel provides communication bctween the con-
trol operator and transmitter control room, or various local pick-up points.

Type 11A Condenser Microphone Control Panel.—One of these
panels is required for each condenser microphone. It is equipped with
a triple pole switch which controls the filament, 90- and 180-volt supply
for the microphone. It has a filament rheostat which allows the proper
setting of the filament current required by the microphone. A meter
is provided for accurately setting the microphone supply. The output
to the microphone is connected directly through means of shielded cable
and lead-covered conductors to the input of this panel. A volume
control which is calibrated in steps of 2 db is provided on this panel as a
means of controlling the audio output of the condenser microphone.

The 12A Amplifier.—This is a high gain three-stage amplifier which
raises the level of the microphone to such a value that it may be applied
to the 500-ohm line connected to the transmitter. This amplifier has
a 500-ohm input and 500-ohm output and employs three UX-210 tubes
in which auto-transformer capacity coupling is used between stages.

Referring to the photographs in Figs. 516 and 517, the various items
comprising this panel are as follows:

Item
1. Input transformer. This transformer is connected to the output
of the announce microphone, the program microphones, or it
may be connected to an external line through the proper opera-
tion of the relays located on the 18B panel.
2. Main volume control calibrated in steps of 2 db.
3. Bias battery box.
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4. TFirst interstage coupling capacity.

6. First interstage auto transformer.

6. Second interstage coupling capacity.

7. Second interstage auto transformer.

8. Output transformer coupling from the plate to the output UX-210
to a 500-ohm output.

9. Output listening jacks.

10. Filament voltmeter jack. The filament voltage on this panel is
measured by means of a patch cord which is connected to the
15A meter panel. !

11. TFilament rheostat. When 12 volts is applied to the amplifier this
rheostat should be adjusted so that, when the meter panel is
plugged into Item 10, the meter will read 7.5 volts.

F1a. 516.—Front view of the RCA type 12A amplifier. Three stages of amplifica-
tion are employed for raising the level of the microphone.

12. Plate current jacks. These jacks also operate in conjunction with
the meter panel and when 135 volts is applied to the first stage
and 400 volts to the second and third stages, jack No. 1 or the
top jack should read between 3 and 5 milliamperes. Jacks
No. 2 and 3 should read between 18 and 22 milliamperes.

13. Switch for controlling the filament, 135 and 400 volts supply.

14. Plate reactor for the first UX-210.

16. Second amplifier stage reactor.

16. Output stage reactor.
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17. Output stage coupling capacity. The 400 volts direct current
passes through the reactor, Item 16, and the audio signal is
by-passed through the capacitor, Item 17, to the output trans-
former, Item 8.

18. First amplifier stage.

19. Second amplifier stage.

20. Output amplifier stage.

21 and 22. Bias voltage jacks. These two jacks operate in connection
with the 15A meter panel; Item 21 should be adjusted to read
approximately 4.5 volts and Item 22 should be adjusted to read
approximately 28 volts. This adjustment can be made by
changing connections on the bias battery terminals located
inside of Item 3.

F1a. 517.—Rear view of RCA type 12A amplifier.

23. Filament reactor.

24. High-low gain switch. If the amplifier is used under such condi-
tions where the input to the amplifier is considerably higher
than the output of the condenser microphone, this switch may
be operated in the low position. However, where the signals
are considerably lower than the output of the condenser micro-
phones, theswitch may be operated in the high position. For aver-
age studio conditions the switch is operated in the high position.

26. Item 25 provides either a 500-ohm or a 5000-ohm output for the
amplifier.
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13A Volume Indicator.—This panel, a front view of which is shown
in Fig. 518, is used as a level indicating device for monitoring programs
and it may also be used for making frequency characteristic measure-
ments. It has a bridging input transformer and its primary impedance
is in the order of 15,000 ohms which allows it to be connected across a
500-ohm line without affecting the frequency characteristic or changing
the level of the line. Across the secondary of the input transformer a
potentiometer is connected which is calibrated in steps of 2 db. One
side of this potentiometer is connected directly to the grid of a UX-841
which is biased such that a meter which is located in its plate circuit
will indicate peaks of signal. A filament voltmeter jack is provided
which allows the voltage to be set at 73 volts. An additional plate cur-
rent jack is also provided which allows an external meter to be con-

Fig. 518.—Front view of the RCA type 13A volume indicator for mohitoring
programs. It may also be used for making frequency characteristic measure-
ments.

nected for checking the panel meter or providing a means for a tem-
porary extension meter. A bias battery is required and is located on the
rear. of the panel and when the proper plate and filament voltage is
applied to this panel the battery should be tapped such that the bias
potentiometer may allow the meter to be set on 5 meter divisions, with
no signal on the input. This unit is normally connected across the
output of the 12A amplifier, and if, for example, the potentiometer is
set to the plus 2 db position and the meter on peaks reaches 30 divisions,
there is said to be a signal of plus 2 db on that line. This unit, in con-
junction with the 11A volume control or 12A main volume control, is
used to maintain a uniform output level.

The 15A Meter Panel.—This panel consists of three meters and two
patch cords and is used to check the various bias batteries, filament
voltages and plate currents for the panels comprising the control-room
equipment.
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Type 18B Signal and Control Panel.—The 18B signal and control
panel is essentially the same as the 7B announcer’s control unit as
located in the studio, except that it contains, in addition, five relays.
A duplicate control system is provided in order to insure continuity of
all programs. The control-room operator by means of his monitoring
speaker is in a position to check the operations of the announcer, and
also to rectify quickly any mistake in switching which may be made.
A front view of this panel is shown in Fig. 519; following is a brief
description of the operation of this unit in conjunction with the 7B.

9 10 9 14 13 1] 16 22
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Fia. 5619.—Front view of RCA type 18B signal and control panel with relay
covers removed.

When the control-room operator has the filament and plate voltages
applied to the various units, and they have all been checked for their
proper value by means of the 15A meter panel, the operator closes the
“ Ready ” switch, Item 21, which indicates to the announcer, through
Item 16 on the 7B panel, that he can proceed at any time. The an-
nouncer when ready will close his button, Item 8, which operates relay
No. 10, at the same time lighting lamp No. 9 and orne of the four lamps,
Item 20, on the 18B panel and one of the four lamps, Item 14, on the
7B panel, as well as lamp No. 7. The announcer next presses button
No. 1 which operates relay No. 3. This relay, as well as the other four
relays on this panel, has relay holding contacts, and only momentary
contact for any of the buttons need be made to put the relays in opera-
tion. This relay also operates signal lamps on both units. The
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announcer then presses his announce button on the 7B panel which oper-
ates relay No. 14 on the 18B panel. He then presses button No. 11 on
the 7B which puts him in the program position. Should he fail to do
this, the control-room operator may immediately press his pregram
button on the 18B panel and perform the functions neglected by the
announcer. For switching from “ announce ” to “ program ”’ or from
studio to adjunct position, it is not necessary to press the “ Off ”
button. Circuits are so interlocked that the pressing of one button
automatically releases the other. In the case of handling the program
which originates outside of the studio, it may be patched to the input
of the adjunct relay whose input is terminated on the 33A jack panel
shown in Fig. 522. 1In the case of two or more studios, the output relays,
Item 10, are all interlocked so that only one studio may feed the line at
a time.

In order to insure continuity of programs, the signal lights, Item
14, on the announcer’s control box may be used as an indication for
determining when any particular studio has released the line relay.
Listening jacks are provided on the 18B panel and a pair of phones
equipped with a double plug is also provided. The interphone system
in the control room is provided with a double plug which is non-reversible
and fits into Item 24 on the 18B panel. All relay contacts and break
circuits are provided with filters in order to prevent clicks in the audio
circuit.

The 19A Extension Panel.—The 19A extension panel consists of
ten line drops which act as terminals for external lines. The output
of the 8A magnetophone panel is terminated on this panel and may
be connected to any of the ten lines by means of a patch cord. Every
line drop is provided with double jacks to allow the unit to operate in
conjunction with the 33A jack panel shown in Fig. 522.

Type 24A Audio Amplifier.—This is a two-stage audio amplifier
(Fig. 520) which has a bridging input transformer similar to that used
on the type 13A and has either a 500-ohm or a 5000-ohm output.
The unit employs a UX-841 in the first stage and a UX-210 in the output
stage and resistance capacity coupling is used between stages. This
amplifier has a substantially flat frequency characteristic from 30 to
10,000 cycles and has a volume control which is calibrated in steps of
2 db. It operates from 400 volts and the plate current in the first
stage is from 3 to 5 mils and the second stage 18 to 22 mils. A jack is
provided for measuring filament voltage, and when 12 volts is supplied
to the amplifier it should be set for 7.5 volts. Bias battery jacks are
provided. Bias voltage for the first tube is approximately 4.5 volts and
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for the UX-210 is approximately 28 volts. This amplifier is used in
this equipment to operate a monitoring loudspeaker which is of the
dynamic type.

Fia. 520.—Type 24A resistance capacity coupled two-stage audio amplifier. It
uses an 841 tube in the first stage and a 210 in the output stage.

The 28A Battery Supply Panel.—This is a main control power panel
which contains three main switches for controlling the 12 volts, 135 volts
and 400 volts and fuses for the individual units.

The 29D Battery Charging Panel.—A photograph of the 29D bat-
tery charging panel is shown in Fig. 521. This panel operates in con-
junction with a three-unit motor-generator set and has the necessary
meters, reverse current relays, field rheostats and charge-discharge
switches for properly charging and discharging two high capacity
12-volt “ A" storage batteries and one 8 ampere-hour 400-volt storage
“B” battery. Discharge sides of the switching circuits are connected
directly to the 28A battery supply panels. The parts are identified as
follows:

Item

1. 400-volt reverse current relay.

2. Low voltage reverse current relay.

3. Low voltage contactor which is operated by Item 2. These
relays are so adjusted that when the machine is started and the
field switches, Items 9 and 10, are closed and rheostats properly
adjusted, the contactors will close, thus charging the battery.

4. 400-volt charge-discharge switch with its associated fuses, Items
15 and 16.
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B. 12-volt charge-discharge switches with their associated fuses,
Items 18 and 19. It is possible to trickle charge both “ A ”
batteries at one time or have one on charge while the other is
being discharged. It is also possible with the switching com-
bination to change filament batteries without interrupting the
program.

6. Aswitchwhich,in conjunctionwith Items 17 and20,controlsthe charg-
ing rate for the 12-volt, 40 ampere-hour relay switching battery.

2

F1a. 521.—Front view of the 29-D battery-charging panel.

7. Provides control for 110 volts which is used for operating the mon-
itoring speaker.

Fuses.

Field switch.

10. Field switch.

11. Field control switch.

12. Field control switch.

13. 75 ampere d-c. meter which shows the charging rate of the filament

battery.

Sl
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14. 1i-ampere d-c. meter which indicates the charging rate of the
400-volt plate battery.

15, 16, 17, 18 and 19. Fuses.

20. Rheostat to control charging rate.

21. Start-stop motor-generator push-button switch.

Remote Control Speech Input Equipment.—With some installations,
in which the transmitter is located at a considerable distance from
the studio control
room, it is necessary
to provide some type
of line termination
equipment which will
increase the gain of | 26A—
the signal before feed- | 0A—
ing it directly to the | 15A
transmitter. Fig. 522
shows a type of equip-
ment which performs | 335
this function and, in
addition, provides a | 17¢-—
termination for a num-
ber of lines, together | 8A-— il
with monitoring facili-
ties and a means of
makinglocal announce-
ments at the trans-
mitter. A majority
of panels involved on
this assembly are sim-
ilar to the panels
which are wused in
conjunction with the
studio control-room Fia. 522.—Front view of remote control-room equip-
equipment. However, ment.
there are two panels,
the 10A and 26A, which are used only in conjunction with this type of
equipment.

The 10A carbon microphone control panel provides a means of
controlling one high quality double-button carbon microphone. It is
equipped with a power supply switch, rheostat, two-button current
measuring jacks and an output volume control. The 26A panel pro-

19A—
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vides an ‘ announce-program ”’ switch in which the 10A is connected
to the announce side and the program position would carry the studio
program. It also contains a switch which allows the quality of the
program to be checked either against that which is coming from the
studio control room or against the rectifier output of the antenna carrier.
This panel contains a power indicating lamp which is operated when
the transmitter is put on the “air.” It also contains a power switch
which controls the 110-volt alternating current required for the moni-
toring loudspeaker field supply.

The type of monitoring speaker that is used in con]unctlon with
this equipment as well as the control-room equipment is standard, with
a modified input transformer. This unit consists essentially of an
8-in. dynamic cone mounted on a panel board approximately 28 by 30
in., and it obtains its field supply from a bank of Rectox units. The
remote control equipment obtains its filament and plate supply from
storage batteries, and essentially the same type of panel is employed
for charging the batteries as shown in the photograph, Fig. 521, except
that Item 20 is omitted.

General Instructions.—To provide reliable service, it is necessary
that regular inspections be made of all the essential items on the equip-
ment in order to guard against possible difficulties. Before beginning
the program for the day, the battery equipment should be checked
with regard to specific gravity and voltage. A program should never
be attempted when the batteries are in a run-down condition. All
battery connections should be periodically inspected for loose or corroded
connections.

Particular care should be made to see that the connections between
the various sections of the battery are clean and tight.

Frequent trouble may be expected if the storage batteries are assem-
bled with vaseline between the contact-making surfaces of the con-
nections.

All switches on the battery charging panels as well as fuses should
be periodically inspected for proper tension as well as freedom from dirt.

The volume controls on the amplifiers should be inspected about
once a week to check for proper tension and possible collection of dirt
which is liable to result in noise. It is recommended that crocus cloth
be used for cleaning volume controls and plugs. Under no circum-
stances should ordinary sandpaper or emery cloth be used.

It is always a good policy oceasionally to check all soldered connec-
tions on the terminal boards as well as the connections running to the
microphone wall outlets. Bias jacks are provided to allow regular
checks to be made. When the bias battery starts to fall off in
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voltage, it should be immediately replaced, as it may lead to a noisy
amplifier.

Close cooperation should exist between the announcer and the con-
trol-room operator and between the control-room operator and the
operators at the transmitter. In installations where such cooperation
does not exist, it is liable to lead to programs with poor quality, program
interruptions and all around unsatisfactory operation.

OPERATION AND ADJUSTMENT OF A LINEAR POWER AMPLIFIER

Definition.—A class “ B’ amplifier, by definition, is one in which
the tube operates so that the power output is proportional to the square
of the grid voltage excitation. This is accomplished by operating the
tube with such a bias value that the plate current is practically zero
without excitation. Essential half sine waves of plate current are pro-
duced on the least negative half cycle of grid voltage when excitation
is applied. The efficiency of an average circuit operating as class “ B ”’
is approximately 33 per cent. This, of course, varies with the design
and power of the circuit. Since the grid usually swings positive on
excitation peaks, it introduces harmonics into the output, which must
be taken out by suitably designed equipment.

Reasons for Use.—It is generally conceded that a high degree of
modulation is desirable. This has come more forcibly to the attention
of the broadcasters since the Federal Radio Commission passed a
general order which required that all stations have not less than 75 per
cent modulation on peaks. In earlier stages the broadcast transmitters
were of lJower power and plate modulation was generally used. With
the advent of higher power broadcasting, however, serious disadvan-
tages of this type of modulation became more and more apparent.

It is very difficult to get a high degree of modulation when a large
number of modulator tubes are used, because of the limitations in their
characteristics. With class “ B’’ operation, modulation is accomplished
in the low power stages. The equipment used in the modulated stage
in this case is relatively inexpensive, as there are many different types
of low power tubes and other equipment available at reasonable cost.
The modulation reactors and tube complement required to accomplish
modulation in the final stage of a high power station make the cost
almost prohibitive.

In a high power plate modulated set, a sudden voltage surge in the
audio input circuit produces an extremely high voltage on the modula-
tors and power amplifiers which may cause failure of some of the tubes.
If modulation is accomplished in a low power stage, the surge is perhaps
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of the same order but, as a general rule, the low power tubes stand very
high momentary overloads. If by chance failure does occur, the cost of
replacement is small.

While it is true that the class “ B amplifier operates at approxi-
mately 33 per cent efficiency, the maintenance and initial cost of this
type transmitter are usually less than those of a plate modulated set.
This is especially true of the high power transmitter.

Difficulties Encountered in Design.—The method of operation of a
class “ B ”” amplifier makes it inherently unstable. This class of ampli-
fier is undoubtedly the most difficult to operate. A circuit employing
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Fia. 523.—The dynamic characteristic curve of a push-pull type linear power
amplifier has one side inverted with respect to the curve for the tube on the
opposite side.

this class of amplifier must of necessity be designed for the express pur-
pose; otherwise there will occur parasitic or spurious oscillations.
These occur at various frequencies, often of extremely low wavelength.
These oscillations are liable to oceur in either the plate or grid circuits.

The arrangement of apparatus has a great deal to do with the pre-
vention of this trouble. Parasitics manifest themselves in instability,
poor quality, excessive plate dissipation and poor tube life. The reason
for the inherent instability of this class amplifier is due, as mentioned
before, to the manner in which it is operated.

During the negative half of the radio-frequency cycle no power is



OPERATION OF A LINEAR POWER AMPLIFIER 1009

drawn by the grid. The grid is then practically free and the tube in an
unstable condition. Oscillations are liable to build up at this instant.
They may occur with such force as to cause failure of a tube or else
cause interruption of service. This action does not necessarily occur as
instability may be present over only a small portion of the dynamic
characteristic. This effect can be noticed by poor quality output from
the transmitter.

Operation and Adjustment.—One of the first adjustments on a class
“ B amplifier is to determine the proper bias to be used. The bias
voltage necessary can be determined
(approximately) by dividing the
plate voltage by the mu of the tube. /
In a push-pull type linear power
amplifier, the dynamic characteristic ==
curve for one side is inverted with /1 1]
respect to the curve for the tube
on the opposite side, as represented AT
in Fig. 523; in order to get a sine Grid Voltage | [T 1 L_IN_ ]
wave output for the plate tank circuit, ,/ X7
it is necessary to have both sides of ) AN | N _/f‘T_y_
the circuit nearly identical, so that Tube B I Distorted Plate

equal plate currentsaredrawn. This # = T: ciu"Tm iwai"

means that the tube characteristic [ 7 2 G ion W |
curves shown in Fig. 523 will have P
to be very nearly in line. From this

figure it can be seen that each tube

utilizes opposite halves of the grid Fig. 524.—This curve shows the effect
voltage waves. of too low bias potential on- the grid of
Figs. 524 and 525 show the a push-pull type linear power amplifier.

effect of too low and too high bias
potential on the grid. The resultant in either case will be a distorted
wave. (For convenience and simplicity, peaked wave form is used.)
It can be noted also from these graphs that there will be an increase
in modulation, if the tube is operated as shown in Fig. 526. It is not
desirable, however, to “ pick up ”’ modulation in any stage, as this can
be accomplished only by distortion. Although it is true that the plate
tank circuit operates to some degree like a fly-wheel and some irregulari-
ties in plate current wave form might be ‘ ironed out,” the tank circuit
should not be relied upon to correct any deficiency. It can be further
seen from this diagram that the efficiency would be somewhat higher
and, also, that the resultant output would contain more harmonics.
Assuming the loading on the stage to be optimum value, the next
step in the adjustment of a class “ B ”” amplifier is to obtain the correct

[T T TT I

Plate Current Tube A

[T T TTT

Grid Bias

Plate Current Tube B

/1\
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excitation. If a transmitter is capable of 100 per cent modulation with
a given carrier output, excitation is adjusted in such a manner that the
plate current is 50 per cent of that of saturation; that is, to points
YA and YB in Fig. 526. Furthermore, if the excitation is adjusted to
a point higher on the curve than the points mentioned with 100 per cent
modulation, the plate current will be driven beyond the points XA and
XB. These points are known as safuration points. Saturation is
defined as a point where an increase in grid excitation voltage does not
‘mive a corresponding increase in power output. In other words, the
curve departs from linearity. Although it is true there may be some

/|
Tube A ;
I/ 2
y i £
/11 9
o W
]
y o

TR

A1 H AR

yd /. AR
O N __-.‘ r ®
Tube B /] 1 Distorted 7|[] 2

+ plate Current
/ - Wave -
f [ O I I = =gy ) 1) AR W N A £
"1 S
4 - 3
A 2
[
Exciting EMF t—}==Bias a

Fic. 525.—A curve showing the effect of too high bias potential on the grid of a
push-pull type linear power amplifier.

little increase in power if the portion of the curve beyond X4 and XB
is used, this is not usable power, as the resultant output wave would
then be distorted and harmonics would appear. The opposite limit of
the modulation as shown is the point where the X axis and Y axis meet.
The curves in Fig. 526 clearly show this.

With the 100 per cent negative modulation the only voltage on the
grid is the bias voltage, and there is no exciting e.m.f. at that instant.

If adjustments are made, as shown in Fig. 526, it can be seen that
the output wave will be an exact reproduction of the input wave with
the exception of amplitude. If this is the case, the circuit is working
as a class “ B,” or linear power amplifier.
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If a class ““ B "’ amplifier is properly adjusted, the d-c. meters in the
plate circuit of the amplifier should be the same when modulating as
when not modulating. If the output wave is not symmetrical, the d-c.
plate meters will increase or decrease, depending upon the direction of
the maximum area. If the negative peaks of modulating frequency are
reduced, the plate meters will increase. Likewise if the positive peaks
are reduced, the plate current meter will show a reduced reading.

D A ] |
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N [ Dl 1.~ |
I LI O 7 o v i B
| /1! |
! H—
L} H—1
'\V.Zn—_- -—:-- -
At ] ]
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Fia. 526.—If the circuit adjustment of the push-pull type linear power amplifier

is made to provide curves as shown in this graph, the output wave will be an exaet

reproduction of the input wave, with the exception of amplitude, and the circuit
would then be operated as a Class B amplifier.

NEUTRALIZING

Neutralizing is an adjustment made in the radio-frequency amplifier
to prevent self-oscillation. The electrostatic capacity between grid and
plate of a vacuum tube, though of relatively small order, is sufficient
in many cases to cause regeneration and oscillation in the amplifier.
Either regeneration or oscillation. will have a tendency to impair the
operation of a transmitter. This is probably more true in the case of
a class “ B” amplifier than in any other type. Since a class “B”
stage amplifies the modulated output from the preceding stage, it is
absolutely necessary that this stage be controlled completely by the
preceding stage.
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Regeneration in the amplifier may or may not impair the operation,
depending upon the phase relationships. Regeneration is liable to
change the dynamic characteristic and consequently cause distortion of
the output wave.

Neutralizing is accomplished by feeding back from plate to grid
current of the same magnitude as that which passes from grid to plate
through the inter-electrode capacitance, but of exactly the opposite
phase. The difference in phase relationship is secured in the case of a
single end amplifier by grounding the center of the tank coil and taking
a voltage from the end opposite from the one connected to the plate.
This voltage is, of course, 180 deg. out of phase from the plate end of
the coil. In the case of a push-pull amplifier, feed-back voltage of
opposite phase is obtained by connecting to the opposite end of the
grid or plate tank circuit as the case may be.

The magnitude of the voltage required for neutralizing is obtained
by adjustment of the neutralizing condenser. The neutralization of a
stage may be checked roughly by tuning back of the stage through
resonance and awaiting the reaction on the preceding stage. Another
method is to switch the plate voltage on and off the stage and observe
the reaction on the preceding stage.

The generally accepted method of neutralizing is to remove the plate
voltage from the stage to be neutralized, place a radio-frequency amme-
ter in the tank circuit and adjust the neutralizing condensers in such a
way that there is a minimum amount of current in the circuit. During
the time the stage is neutralized, care should be taken that the tank
circuit is always in resonance. If the stage is very far from being neu-
tralized, the tank may have to be retuned several times before the
final result is secured. The tank, of course, is always tuned for maxi-
mum current and the neutralizing condensers for minimum current.

Percentage of Modulation.—The curves in Fig. 527 show a high-
frequency wave before modulation and during modulation. What we
mean by the expression percentage modulation is easily understood
from the curves since it is merely the ratio between the peak current of
the modulating frequency, shown by amplitude 4, and the peak current
of the unmodulated carrier, shown by amplitude B. The modulation
will be 100 per cent if two peaks represented by amplitudes A and B
are equal, but if the two peaks are not the same then the modulation
will be less than 100 per cent and the wave will not be completely
modulated. Referring to the curves in Fig. 527, the percentage of
modulation may be expressed according to the formula given at the top
of the following page.
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Expressed in terms of per cent, percentage of modulation is:

A
Percentage modulation = EX 100 per cent.

High - frequency Carrier During Modulation

Unmodulated High-
frequency Carrier Wave =~ 2T ﬂ-\ “““““ ;nf m~.  ~~ "~
o — e

TR
I =

N

! N
/ ——
Carrier Frequency ~ Modulating Frequency

- EUNUPEIE

F1a. 527.—These curves, which explain percentage of modulation, show a high-
frequency carrier wave before and after modulation.

Decibel-Transmission Unit.—For many years the efficiency of tele-
phone circuits was expressed in terms of the ‘ mile of standard cable,”
but with the rapid growth of telephone communication and radio
broadcasting a more suitable standard was developed, known as the
transmission unit or decibel. This unit may be defined as the difference
between two amounts of sound powers when their intensities are in the
ratio of 1091, indicating a ratio in the order of 0.0001 to 0.01. Such a
ratio represents the amount of sound energy introduced into the input
end of a telephone system as compared to the amount of sound energy
reproduced at the other end or output, it being understood, of course,
that the actual voice transmission is conveyed through a wire circuit
by electrical impulses.

Experiments have proved that, when the effects which sounds pro-
duce on the organism of the ear are compared to actual differences in
the magnitude of such sounds, the results give a logarithmic curve when
plotted on a chart. That is, the curve shows the response of the ear to
different degrees in volume or sound power changes. If a certain sound
is either very weak or very loud and its intensity is varied by some
means, it will require a much greater variation in the intensity changes
for the average ear to notice that a change has taken place than would
be the case for sounds of average loudness. Where a certain sound is
steadily increased in volume it generally requires a change of at least
25 per cent in the actual volume before the ear becomes sensitive to
that change.
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A decibel is used to express only a ratio as just mentioned. For
example, suppose the power amplifier of a certain receiver delivers 750
milliwatts of power to a loudspeaker and after adjustment it delivers
1000 milliwatts, then the ratio of this change is 750 to 1000. Although
this ratio may appear large in figures yet the difference between the
two sounds coming from the loudspeaker will be so slight that the ear
will -not be sensitive enough to detect the difference. Values can be
used in the proper formulas and the number of db computed. It is
estimated that the ear can just about distinguish between sound intensi-
ties which differ by 3 db. The following explains the relation between
transmission units in decibels and power ratio, and so on.

A transmission unit is a unit for the logarithmic expression of
ratios of power, voltages, or currents, in a transmission system. There -
are now in rather widespread use, internationally, two transmission
units, a Napierian unit called the “ Neper,” and a decimal unit called
the “ Bel.” As given in the Proceedings of the Institute of Radio
Engineers, decimal multiples or sub-multiples of either of these units
may be used, such as “ decineper ”’ and *‘ decibel.”

The number of units of transmission in the case of a ratio of two
powers, P; and P3 is:

P
in the napierian system: 1/2 log,Fl
2

in the decimal system: logio Fl

The number of units of transmission in the case of a ratio of two
voltages E; and K, of two currents I; and Io, if the squares of these
ratios are equal to the power ratio, is:

. . E, I,
in the napierian system: log,— or log —
E, I,
E I
in the decimal system: 2 logio El or 2logio I—l
2 2

The unit based on the decimal system and having a size one-tenth
of that here defined is widely used in the United States. This unit is,
therefore, the ¢ decibel ”’ (abbreviated * db ), and has been generally
referred to merely as * the transmission unit ”’ or ““ TU.”
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The following table gives the numerical values of power, voltage,
and current ratios corresponding to particular numbers in decibels:

Power RaTiO TransmissioN Uxits IN Decisers (db)
1 (=10% 0 (=10logie 1)
1.259 (=10?) 1 (=10 logio 1.259)
10 (=10Y) 10 (=10 logi, 10)
100 (=10%) 20 (=10 logio 100)
1000 (=109 30 (=10 log;, 1000)

VoLTAGE oR CURRENT RaTiO TransMissioN Usits 1N DeciBers (db)
0.001 —60.00
0.005 —46.02
0.01 —40.00
—26.02
—20.00
—13.98
— 6.02
0.00
3.52
6.02
13.98
20.00
26 .02
33.98
40.00
53.98
60.00

(=]
=]
3]
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Standard Time Chart. Radiotelegrams are filed on the basis of 24-houy time. Time

changes 1 hour with each 15 degrees difference in longitude. When it is 2 A.M. in

London, G.M.T. (Greenwich mean time) it is 9 p.M. in New York, E.S.T. (Eastern
standard time) and 6 r.M. in San Francisco, P.S.T. (Pacific standard time).
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CHARACTERISTICS OF X-L FiLaAMENT TrANsMITTING VACUUM TUBES

Screen Grid

o?gv_ Uv-} UV- | UV- ] UV- | UX- uv-
210 |203-A| 211 [204-A| 851 852 | ux-| vv- 207
860 | 861
Rated output (watts) .. ....|] 7.5 50 50 250 1000 75 75 750 |20 kw.
Maximum plate dissipation
(watts) or safe power dis-
sipation. ............... 15 100 100 200 750 100 100 400 | 10 kw.
Filament volts. .. ......... 7.5 10 10 11 11 10 10 11 22
Filament amperes. .. ...... 1.25] -3.251 3.25] 3.85 15.5] 3.25} 3.25 10 52
Sereen grid volts. . ........ R 500 750 | .....
Plate voltage. . ........... 3501 1000 | 1000 | 2000 2000 | 2000 | 2000 | 3000 } 15,000
Plate current oscillating
ma).............. . 60 125 125 | 200 875 75 100 | 350 |2 amp.
Amplification constant (ap- .
PIOX.). ..o 7.5 25 12 24 20 12 200 300 20

Plate impedance (approx.
ohms) at zero grid and
rated plate voltage*. . ... 3500 { 5000 | 1900 | 4700 850 {6000 | .... | .... 2000

Mutual conductance (mi-
cromhos) at zero grid and
rated plate voltage*. . ... 2150 | 5000 | 6300 | 5100 123,500 { 2000 { ... | ---- | .-

Plate current (m.a.) at zero
grid and rated plate volt-

age*. . ... ... .. 70 120 | 320 | 275 1550 | ... 85 172 | 2000
Over-all length, inches. . . .. 5Y 7% 7% |14y | 17% . 8% | 17%a] 19%

*These figures are given for comparison only and do not necessarily apply to all conditions of
normal operation.
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TRIGONOMETRIC FUNCTIONS

Angle ¢ | Sine or {Cosine or Angle ¢ | Sine or |[Cosine or
or Lag |Induction| Power Tan or Lag [Induction| Power Tan
Angle Factor | Factor Angle Factor Factor
0 0.000 [ 1.000 | 0.000 ||.........0......... ...
1 0.017 0.999 0.017 46 0.719 0.695 1.04
2 0.035 0.999 0.035 47 0.731 0.682 1.07
3 0.052 0.999 0.052 48 0.743 0.669 1.11
4 0.070 0.998 0.070 49 0.755 0.656 1.15
5 0.087 0.996 0.087 50 0.766 0.643 1.19
6 0.105 0.995 0.105 51 0.777 0.629 1.23
7 0.122 0.993 0.123 52 0.788 0.616 1.28
8 0.139 0.990 0.141 53 0.799 0.602 1.33
9 -0.156 0.988 0.158 54 0.809 0.588 1.38
10 0.174 0.985 0.176 55 0.819 0.574 1.43
11 0.191 0.982 0.194 56 0.829 0.559 1.48
12 0.208 0.978 0.213 57 0.839 0.545 1.54
13 0.225 0.974 0.231 58 0.848 0.530 1.60
14 0.242 0.970 0.249 59 0.857 0.515 1.66
15 0.259 0.966 0.268 60 0.866 0.500 1.73
16 0.276 0.961 0.287 61 0.875 0.485 1.80
17 0.292 0.956 0.306 62 0.883 0.469 1.88
18 0.309 0.951 0.325 63 0.891 0.454 1.96
19 0.326 0.946 0.344 64 0.898 0.438 2.05
20 0.342 0.940 0.364 65 0.906 0.423 2.14
21 0.358 0.934 0.384 66 0.914 0.407 2.25
22 0.375 0.927 0.404 67 0.921 0.391 2.36
23 0.391 0.921 0.424 68 0.927 0.375 2.48
24 0.407 0.914 0.445 69 0.934 0.358 2.61
25 0.423 0.906 0.466 70 0.940 0.342 2.75
26 0.438 0.898 0.488 71 0.946 0.326 2.90
27 0.454 0.891 0.510 72 0.951 0.309 3.08
28 0.469 0.883 Q.532 73 0.956 0.292 3.27
29 0.485 0.875 0.554 74 0.961 0.276 3.49
30 0.500 0.866 0.577 75 0.966 0.259 3.73
31 0.515 0.857 0.601 76 0.970 0.242 4.01
32 0.530 0.848 0.625 77 0.974 0.225 4:33
33 0.545 0.839 0.649 78 0.978 0.208 4.70
34 0.559 0.829 0.675 79 0.982 0.191 5.14
35 0.574 0.819 0.700 80 0.985 0.174 5.67
36 0.588 0.809 0.727 81 0.988 0.156 6.31
37 0.602 0.799 0.754 82 0.990 0.139 7.12
38 0.616 0.788 0.781 83 0.993 0.122 8.14
39 0.629 0.777 0.810 84 0.995 0.105 9.51
40 0.643 0.766 0.839 85 0.996 0.087 11.43
41 0.656 0.755 0.869 86 0.998 0.070 14.30
42 0.669 0.743 0.900 87 0.999 0.052 19.08
43 0.682 0.731 0.933 88 0.999 0.035 28.64
44 0.695 0.719 0.966 89 0.999 0.017 57.28
45 0.707 0.707 1.000 90 1.000 0.000 | Infinity
A B
sin ¢ = o) cot ¢ 1
. B C
cosé = secd = g
A c
tan ¢ = B cosec ¢ = a
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DiMeNstoNs, LENGTHS AND REsisTANCES OF “CorroN ENAMELED” MAGNET WIRE

Diameter Diam.eter over Feet per Pound Pounds per 1000 Ohms per Pound
B. & 8. | of Bare [ Insulation, Inches Ft.
Gage | Wire, :
Inches
Single | Double | Single | Double | Single | Double Single Double
8 0.1280| 0.1355) 0.1410 19.7 19.4( 50.7 51.5 0.124 0.0122
9 0.1144 0.1220} 0.1274 24.7 24.2] 40.5 41.3 0.0195 0.0191
10 0.1018] 0.1093} 0.1148 31.0 30.4] 32.3 32.9 0.0309 0.0303
11 0.0907| 0.0982| 0.1037 39.2 38.21 25.5 26.2 0.0492] 0.0480
12 0.0808| 0.0883 | 0.0938 49.3 48.0 20.3 20.8 0.0783| 0.0761
13 0.0719] 0.0795( 0.0850 62.0 60.31 16.1 16.6 0.124 0.121
14 0.0641] 0.0715] 0.0770 78.1 75.8) 12.8 13.2 0.197 0.191
15 0.0571) 0.0840| 0.0895 98.3 95.21 10.2 10.5 0.312 0.302
18 0.0508] 0.0573| 0.0623 124.0 118.0 8.06 8.48 0.497 0.473
17 0.0453] 0.0517 | 0.0563 156.0 150.0} 6.41 6.67 0.789 0.759
18 0.0403f 0.0488 | 0.0518 194.0 187.0¢ 5.15 5.35 1.24 1.19
19 0.0359] 0.0424 | 0.0474 245.0 234.0] 4.08 4.27 1.97 1.88
20 0.0320§ 0.0379 | 0.0424 307.0 291.0 3.26 3.44 3.12 2.95
21 0.0285] 0.0339 | 0.0384 385.0 362.0 2.60 2.76 4.91 4.62
22 0.0253] 0.0308¢ 0.0353 481.0 449.01 2.08 2.23 7.76 7.25
23 0.0226] 0.0281| 0.0326 601.0 555.01 1.66 1.80 12.2 11.3
24 0.0201] 0.0255| 0.0300 750 684.0 1.33 1.46 19.2 17.5
25 0.0179] 0.0232 | 0.0277 936.0 842.0 1.07 1.19 30.2 27.2
26 0.0150] 0.0207 | 0.0247 | 1,170.0] 1040.0| 0.855 0.961] 47.7 42.3
27 0.0142] 0.0189| 0.0229 | 1,450.0| 1270.0} 0.690 0.788)] 74.5 65.2
28 0.0126] 0.0173| 0.0213] 1,810.0] 1550.0| 0.552 0.645| 117.0 100.0
29 0.0113§ 0.0160] 0.0200] 2,240.0] 1880.0f 0.446 0.532} 183.0 154.0
30 0.0100] 0.0147 | 0.0187 | 2,780.0] 2280.0}] 0.360 0.438| 286.0 235.0
31 0.0089] 0.0134| 0.0174| 3,440.0| 2720.0| 0.291 0.368| 447.0 353.0
32 0.0079{ 0.0124} 0.0164| 4,240.0| 3240.0] 0.236 0.309 | 695.0 531.0
33 0.0071} 0.0115] 0.0155] 5,200.0} 3820.0} 0.192 0.262 ]1070.0 789.0
34 0.0063] 0.0108| 0.0148| 6,380.0} 4460.0| 0.157 0.224 [1660.0 1160.0
35 0.0056] 0.0100| 0.0140} 7,810.0| 5140.0 0.128 0.195 {2560.0 1690.0
36 0.0050| 0.0094| 0.0134| 9,540.0| 5850.0| 0.105 0.171 {3950.0 2420.0
37 0.0044] 0.0088! 0.012811,600.0( 6530.0] 0.0882! 0.15316060.0 3410.0
38 0.0040; 0.0083 | 0.0123 [14,000.0} 7020.0 0.0715] 0.143 9220.0 4620.0
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Dimensions, LENgTHS, WEIGHTS AND RESISTANCES OF SILK-COVERED

MAGNET WIRE

B&S. [())‘;"g:::" Dsl;ll:e;z 2:::1. Feet per Pound PoundsFTr 1000 Ohms per Pound
Gage Wire,
Inches

Single | Double Single Double | Single Double Single Double

16 0.0508] 0.0528 | 0.0548 127.0 125.6| 7.87 8.00 0.509 0.501

17 0.0453] 0.0473| 0.0493 160.0 158.0] 6.25 6.33 0.908 0.800
18 0.0403| 0.0423| 0.0443 201.0 199.0] 4.97 5.02 1.29 1.27
19 0.0359] 0.0379 | 0.0399 253.0 250.0| 3.95 4.00 2.03 2.01
20 0.0320] 0.0340{ 0.0360 318.0 314.0] 3.14 3.19 3.22 3.18
21 0.0285| 0.0305| 0.0325 401.0 394.0] 2.49 2.54 5.12 5.04
22 0.0253] 0.0273| 0.0293 505.0 494.0] 1.98 2.02 8.15 7.97
23 0.0226}] 0.0246 0.0266 835.0 621.0] 1.58 1.61 129 12.6
24 0.0201] 0.0221| 0.0241 798.0 778.0] 1.25 1.29 20.5 20.0
25 0.0179| 0.0199| 0.0219 | 1,000.0 975.0| 1.00 1.03 32.3 31.5
26 0.0159] 0.0179] 0.0199{ 1,260.0| 1,220.0]| 0.794 0.820 51.3 49.7
27 0.0142{ 0.0162]| 0.01821 1,580.01 1,530.0| 0.633 0.653 81.2 78.6
28 0.0126] 0.0146| 0.0166 | 1,990.0| 1,910.0( 0.502 0.523 129.0 124.0
29 0.0113| 0.0133| 0.0153 | 2,480.0( 2,380.0| 0.403 0.420 203.0 194.0
30 0.0100] 0.0120| 0.01401 3,130.0} 2,960.0] 0.320 0.338 332.0 305.0
31 0.0089} 0.0109| 0.0129| 3,920.0] 3,680.0| 0.255 0.272 510.0 478.0
32 0.0079] 0.0099{ 0.0119 ] 4,900.0| 4,570.0| 0.204 0.219 803.0 748.0
33 0.0071] 0.0091} 0.0111] 6,120.0| 5,660.0] 0.163 0.177 | 1,260.0 1,170.0
34 0.0063] 0.0083| 0.0103} 7,650.0] 6,980.0} 0.131 0.143 1,990.0 1,820.0
33 0.0056] 0.0076| 0.0096 | 9,520.0] 8,570.0| 0.105 0.117 - | 3,120.0 | 2,820.0
36 0.0050{ 0.0070| 0.0090 |11,900.0}{10,500.0| 0.0840{ 0.0952] 4,930.0 4,350.0
37 0.0044{ 0.0064 | 0.0084 |14,700.0 [12,800.0| 0.0680| 0.0781| 7,670.0 6,880.0
38 0.0040] 0.0060] 0.0080 [18,200.0 [15,500.0 0.0549 | 0.0645 [12,000.0 10,200.0
39 0.0035| 0.0055| 0.0075 [22,600.0 |18,700.0 | 0.0442| 0.0535 [18,800.0 [15,500.0
40 0.0031] 0.0051| 0.0071 |27,900.0 |22,400.0 | 0.0358 | 0.0446 [29,200.0 [23,500.0
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DieLecTrIC CoNsTANT (SPECIFIC INDUCTIVE CAPACITY) OF VARIOUS GASES,

Liquips AND SoLips

Substance

Temperature,
Degrees C.

Remarks

19

11

4.5
2.87

W~

- NN N
\I

o
O U= D

[

4

Density

[o = I =]
© o

3.0-3.5

& o
£13122

.COCO
f?»»
[V IR, R er]
o g

Pressure, 1 atmos.
Pressure, 20 atmos.

Distilled

Vulcanized

Indian and Canadian
Dry

Glazed

Untreated; dry
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Fusing Errecrs oF CURRENT oN CorrPER WIRE

B.&S. Copper, B. &S. Copper, B. &S. Copper,
Gage Amperes Gage Amperes Gage Amperes

10 333.0 21 49.3 31 8.75

11 284.0 22 41.2 32 7.26

12 235.0 23 34.5 33 6.19

13 200.0 24 28.9 34 5.12

14 166.0 25 24.6 35 4.37

15 139.0 26 20.6 36 3.62

16 117.0 27 17.7 37 3.08

17 99.0 28 14.7 38 2 55

18 82.8 29 12.5 39 2.20

19 66.7 30 10.25 40 1.86

20 58.3

METRIC SYSTEM
Meters Inches Feet Yards Miles
Millimeter (mm.)....... .001; 0.039370 0.003281 0.001094
Centimeter (cm.)....... 0.01 { 0.393701{f 0.032809] 0.010936
Decimeter............. 0.1 3.93701 0.328084 0.109361
Meter................. 1.0 [39.370113 3.280843 1.093614(0. 000621
Decameter............. 100 | ....... 32.80843 10.93614 |0.006214
Hectometer............ 100.0 | ....... 328.0843 109.3614 10.062137
Kilometer. ............ 1000.0 | ....... 3280.843 1093.614 0.621372
Miriameter. ........... 16,0000 | ....... | ......... | ... 6.213718
Meter

1 inch = 02539954

1 foot =.3047945 or 30.47 cm.

1 meter =39.37 in.



AVERAGE CHARACTERISTICS OF RECEIVING VACUUM TUBES
DETECTORS AND AMPLIFIERS

GENERAL DETECTION AMPLIFICATION
Maximum - Fila- Plate | . . Grid Bias | Plate Ohms | Maxi-
Overall . Fila- | pment | Plate | Cur- | Grid I Plate]  Voltage Cur- A. C. | Mutusl |yo)¢age | Load forjmum Un
. Dimensions, | Fila- | ment | Gyr | Sup- | rent, | Re- | Sup- rent, séﬂ_!gn Plate [Conduct Am;ﬁ- axi- |dis
Type Use Base Inches ment | Ter- | ron¢, l{, Milli- | turn § iy Milli- th;ita' Resist- ;{%“" ficationjmum Un+ Output,
Diam.| Supply | minal, 40 ‘?o ts | am- Volts C. | am- 8‘;“' m‘l:’”' Factor |distorted] Milli-
Height| oter Volts peres peres | t© .| peres ms 08 Output | watts
Detector or 90 2.5 |...... 15,500 425 6.6 15,500 7
WD-11 fnfgu(;{er wWD-11 | 4% 1% { D.C. | 1.1 |0.25} 45 1.5 | +F | 35 : 15000 | 440 6.6 | 18000 35
P Detector or 90 15,5600 425 6.6 15,500 7
WX-12 | “Amplifier | UX | 4H | My [D.C | 1.1 10250 45 | 1.5 | +F| 35 15000 | 440 | 6.6 | 18,000 | 35
Detector or 90 5,600 | 1500 8.5 5,600 30
UX-L12-A| "y pfifier | UX | 48 [ 1 [ D.C. | 5.0 [0.25] 45 | 4.0 | +F | 135 5300 1600 | 8.5 | 8700 | 120
UV-199 | Deteckor o tyv.190] 33 | 14 [ D.C.| 3.3 |0.083 45 | 1.0 | +F| 90 2.5 |...... 15500 | 425 | 6.6 | 15500 7
UX-199 lffrfgfi‘g;’ s{-&u 43 1% | D.C. | 3.3 |0.063] 45 | 1.0 | +F] 90| 4.5]...... 2.5 ... 15,500 | 425 | 6.6 | 15,500 7
UX-200-A] Detector | UX | 43 | 1t | D.C. | 5.0 [0.25]| 45 | 1.5 | -F “i;ﬁpgglgg,%;?g% Characteristics 30,000 | 666 | 20
- Detector or 20 4.5 ]...... 2.5 )...... 11,000 725 8.0 11,000 15
UX-200-A| "pnplifier | UX | 48 | Mt | B.C.} 5.0 j0.250 45 | 1.5 | +F ) 35| gip {010 3.0 [0 10,000 | 800 0 | 20,000 | 55
Radio
- 135 1.5 |...... 1.5 45 850,000 350
UX-222 Frequency Uux 53 184 | D.C. 3.3 {0.132)......|......]..... 135 sl 3.3 67.5 ,000 480 200
- Amplifier
Audio l
UX-222 Frequency Ux 53 113 | D.C. 3.3 [0.132}.....{......]..... 180% 1.5 [...... 0.3 22. 512,000,000 175 350
Amplifier
F Radio A.C %efder - RgA 180 1.5 1.5 4.0 75 400,000 1050 420
TNT_39] requency .C.or adiotron Co. .5 . . X 5
UY-224 ) “amplifier | UY | 5% | W i"p | 25 | 1.75 [P pechnical |C*h| 180 | 3.0 30| 40| 90 | 400,000 | 1000 | 400
or Detector Bulletin
. Audio A.C.or .
UY-224 Frequency (V5 o1 1H D C 2.5 1.75 }.....|......]..... 250t 1.0 1.0 0.5 25 |2,000,000 500 1000
Amplifier il
A.C.or 90 5.0 6.0 3.8 8,600 955 8.2 9,800 30
UX-226 Amplifier UXx 413 13 D.C 1.6 | 1.05F......0......]..... 135 8.0 9.0 6.3 7,200 1135 8.2 8,800 80
e 180 | 12.5 { 13.5 7.4 000 1170 8.2 10,500 180
90 6.0 6.0 2.7 11,000 820 9.0 14,000 30
- Detector or A.C.or - ' . ’
uUyY-227 7 Uy 4 18 2.5 11.75 4 3.5 [Cath.] 135 9.0 9.0 4.5 |...... 9,000 1000 9.0 13,000 80
Amplifier # D.C. ° 180 | 135 11375 [ 50l 9:000 | 1000 | o0 | 187700 | 165
RCa-230 | Dtecteror | Small | 43 | 34 | D.C. [ 2.0 [0.06] 45 | 1.0 [ +F| 90| 45 ]..... 2.0 ... 12,500 700 | 8.8
Radio
RCA-232 | Frequency Ux 5% 14 | D.C. 2.0 |o.06])......|.....]..... 135 3.0|...... 1.5 67.5 800,000 550 440
Amplifier
Detector or 135 | 0.3 135*% 1.5 )...... 0.24...... 150,000 200 30
UX-210 | "Amplifier | UX | 44 | 1 | D.C. | 5.0 10.25§ 504 | 0.4 | TF | 1504 301 000" 02l 150,000 1 200 | 30
POWER AMPLIFIERS
5 P .C. oz 1356 9. 11.5 6.2 |.... .. 5,300 1600 8.6 8,700 120
UX-112-a1 4 ier | UX | aik | ut [00ET 50 0-3“] ----------------- 180 | 13,5 [ 15.0 | 7.6 .. 5000 | 1700- | 85 | 10800 | 3604
ux120 | ,Power | Smelll o | up [poc|as [oaag] | ]l 1351225 [...... 6.5|..... 6300 525 |-3.3 | 6500| 110
16.5 | 19.0 | 12.0 |...... 2,250 1330 3.0 3,200 125
Power A.C.or 135 " ¥
UX-171-A f UX 44 113 N 5.0 J0.25 f......]........... 27.0129.5|17.5]...... 1,960 1520 3.0 ,500 370
Amplifier ! D.c. 180 | 4o.5 | 43.0 ] 20.0 |. ... 1,850 | 1620 | 3.0 | 5:350] 700
Power AC. o 250 | 18.0 ) 22.0 | 10.0 |...... 6,000 1330 8.0 13,000 400
UX-210 | ,pone ux | st | o2& (A0S rs jres 350 | 27.0 { 31.0 | 160 |10 10 5150 | 1550 | 8.0 | 11,000| 900
plifier et 425 [ 35.0 [ 39.0 | 18.0 |...... 5,000 | 1600 8.0 | 10,000 | 1600
RCA-231 | ,rower | Small ] 43 | 15 I D.c| 2.0 [oas0]... | [ 136 | 22.5)...... 8.0...... 4,000 875 | 3.5 |....... 170
’ Power P A.C.or - 180 { 33.0 [ 34.5 | 25.0 |...... 1,900 1850 3.5 3,500 780
UX-215 | Amplifier | UX | St | 2& "7 ) 2.5 115 f.o)eeennfhnn, 250 | 48.5 | 50.0 | 34.0 ... ] 1,750 | 2000 | 3.5 | 3,900 | 1600
: o AR IR
- ower .C.or - - . . {2 IO , . .
UX-250 | pAmplifier | UX | 68 [ 20 "p7cl| 7.5 [ 125 ] .fooifoe 400 | 66.0 | 700 | 55.0 |11 1 " 1.800| 2100 | 3.8 | 3670 | 3400
- 450 | 80.0 | 84. 55.0 |...... 1,800 2100 3.8 4,350 4600
RECTIFIERS
T Bl 1 { A. C. voltage per plate (volts R.M.S.)........ ... 350 For D. C. output voltngﬂelivered
UX-280 Full-Wave Ux 5% 24 | A C 5.0 | 2 D. C. output current (maximum MA.).. 125 to filter of typical rectifier circuits,
i Rectifier s 2. < 2 { A. C. voltage per plate (maximum volts R.M.8.).. 400 refer to RCA Radiotron Co. Tech-
R o D. C. output current (maximum MA))........... 110 nical Bulleitn.
. For D. C. output voltage delivered
Half-Wave \ A. C. plate voltage (maximum volts RM.S.)..... 700 ) s et
UXx-281 Rectifier ux 61 2% | A.C [ 7.5 | 1.2 D. C. output current (maximum MA.)........... 85 :&e‘ilg'l?écaﬁ::l&lBﬁ:;i:.r circuits,
SPECIAL PURPOSE
- - Operating voltage 90 volts D. C.
Voltage Designed to keep output voltage of B eliminators con- :
UX-874 Regulator Ux 5t 2% stant when different values of “ B’ current are supplied. ?)t;:rt;x:;‘n;oclmnt 1012(5) Y-gll%:agpgres
Current
Regulator Designed to insure constant input to power operated Operating current. . .......... 1.7 amperes
Uv-876 (%aléast Mogul 8 21 radio receivers despite fluctuations in line voltage. Voltagerange................ 40-60 volts
ube
RCunient ed ed O 2.0
" ezulator Design to insure constant input to power operat perating current. . .......... .05 amperes
Uv-886 (%agz?t Mogul | 8 24y radio receivers despite fluctuations in line voltage. Voltagerange................ 40-60 volts
ube
FOR AMATEUR AND EXPERIMENTAL TRANSMITTING USE
Maximum Overall - " Approxi- | Approxi- | Maximum | Maximum | Normal
Dimensions Filament | Filament | Voltage Normal mate mate Plate Plate Power
Type Use Base Terminal | Current | Amplifica-| FPlate | G4 Bias | Screen Current |Dissipation| Output
Height | Width Volts | Amperes | tion Volts Voits Volts | Amperes | Watts Watts
- Qr Oscillator or Radio 5
UX-852 Frequency Amplif{er UXx 83 631 10.0 3.25 12 2000 250 | ..., 0.10 100 75
- ao= Qscillator or Radio
UX-865 Frequency Amplifier Ux (33 24 7.5 2.0 150 500 75 125 0.06 15 7.5
N Maximum peak inverse voltage. ... .................. 5000 volts
UX-866 | Half-Wave Rectifier UX 63 2% 2.5 5.0 Maximum peak plate current. ....................... 0.6 ampere
Approximate tube voltagedrop....................... 15 volta

* Applied through plate coupling resistor of 250,000 ohms.

1 Applied through plate coupling resistor of 200,000 obms.

Insert between pages 1024 and 1025

Courtesy of RCA Radiotron Co.
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CHARACTERISTIC SIGNALS SENT OUT BY RADIO BEACON STATIONS
(Courtesy, U. S. Hydrographic Office)

1025

Beacon

Ambrose Channel............... ..
Sea Girt Light Station.............
Fire Island Light-vessel. .. ... ......
Diamond Shoals Light-vessel..... ...
San Francisco Light-vessel. ... ... ..
Boston Light-vessel, Mass...........
Nantucket Shoals Light............
Cape Henry Light-station..........
Blunt’s Reef Light-vessel...........
Columbia River Light-vessel........
Swiftsure Bank Light-vessel.........

Signal Characteristic
One dash 60 secs. on, 120 secs.
Three dashes 60 secs. on, 120 secs.
Two dashes 60 secs. on, 120 secs.
Two dashes 60 secs. on, 120 secs.
Two dashes 60 secs. on, 120 secs.
One dash, one dot 60 secs. on, 120 secs.
Four dashes 60 secs. on, 120 secs.

Two dots, one dash 60 secs. on, 120 secs.

One dash 60 secs. on, 120 secs.
Three dashes 60 secs. on, 120 secs.
Two dashes 60 secs. on, 120 secs.

off
off
oft
off
off
off
off
oft
off
off
off

VoLTAGE REQUIRED TO PRODUCE A SPARK IN AIR BETWEEN SPHERES OF
(1 CM. or .3937 IN.) DIAMETER

Length of Spark Gap in Length of Spark Gap in
Volts Volts
Centimeters| Inches Centimeters| Inches

0.02 0.0079 1,560 0.40 0.1575 14,400
0.04 0.0157 2,460 0.50 0.1969 17,100
0.06 0.0236 3,300 0.60 0.2362 19,500
0.08 0.0315 4,050 0.70 0.2756 21,600
0.10 0.039%4 4,800 0.80 0.3150 ° 23,400
0.20 0.0787 8,400 0.90 0.3543 24,600
0.30 0.1181 11,400 1.00 0.3937 25,500
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RELATION OF NATURAL WAVELENGTH, FREQUENCY, AND INDUCTANCE-
Caraciry PropucT IN CONDENSER CIRCUITS
Courtesy of Wireless Specially Apparatus Company, Boston, Mass.

This table gives the relation between free wavelength in meters, frequency in cycles per
second and capacity-inductance product in microfarads and microhenrys, for circuits between
1 and 39,000 meters. The relation between wavelength and caﬁacxty-inductance product
may be relied upon throughout the table to within one part in two hundred. Three examples
are given below, to illustrate important uses of the table.

xample 1. What is the natural wavelength of a circuit containing a capacity of 0.001
microfarad, and an inductance of 454 microhenrys? The product of inductance and capacity
ig 454 X0.001 =0.454. Find 0.454 under L XC; opposite under *“ meters’’ is 1270, the natural
wavelength of the circuit.

Example 2. What capacity must be associated with an inductance of 880 microhenrys, in
order to tune the circuit to 3500 meters? ¥Find opposite 3500 meters the LXC value 3.45;
divide this by 880, and the quotient, 0.00397, is the desired capacity in microfarads.

Example 3. A condenser has a capacity of 0.004 microfarad. hat inductance must be
placed in series with this condenser in order that the circuit shall have a wavelength of 600
meters? From the table, the LXC value corresponding to 600 meters is 0.1013. ~ Dividing
this by 0.004, the capacity of the condenser, gives the desired inductance, 25.3 microhenrys.

Meters n LXC |[Meters n LXC [Metersy n LXC
1 (300,000,000/0.0000003( 200 | 1,500,000 ' 0.0852
2 (150,000,000{0.0000011) 210 | 1,429,000 0.0867
3 {100,000,000{0.0000018(| 220 | 1,364,000 1 0.0883
4 | 75,000,000/0.0000045( 230 | 1,304,000 0.0899
5 | 60,000,000/0.0000057] 240 | 1,250,000 0.0915
6 | 50,000,000/0.0000101)j 250 | 1,200,000 0.0931
7 | 42,900,000/0.0000138) 260 | 1,154,000 0.0947
8 | 37,500,000(0.00001 270 | 1,111,000 0.0963
9 | 33,330,000(0.0000228( 280 | 1,071,000 0.0980
290 | 1,034,000/ 0.0996
10| 30,000,000{0. 0000282 300 | 1,000,000 0.0253 || 600 | 500,000 | 0.1013
15 { 20,000,000(0.0000635]| 310 968,000| 0.0270 [ 605 | 496,000 | 0.1030
20 | 15,000,000|0.0001129/ 320 938,000( 0.0288 || 610 | 492,000 | 0.1047
25 | 12,000,000/0.0001755{( 330 909,000{ 0.0306 || 615 | 488,000 0.1065
30 ( 10,000,000]0.0002530( 340 883,000] 0.0325 | 620 | 484,000 | 0.1082
35 8,570,000/0.0003446( 350 857,000] 0.0345 | 625 | 480,000 | 0.1100
40 | 7,500,00010.000450 | 360 834,000| 0.0365 | 630 | 476,000 0.1117
45 6,670,00010.000570 || 370 811,000{ 0.0385 (| 635 | 472,000 | 0.1135
380 790,000{ 0.0406 || 640 | 469,000 | 0.1153
390 769, 0.0428 {| 645 | 465,000] 0.1171
50 6,000,000(0.000704 || 400 750,000/ 0.0450 || 650 | 462,000 | 0.1189
55 5,450,000/0.000852 | 410 732,000( 0.0473 || 655 | 458,000 | 0.1208
60 | 5,000,000/0.001014 || 420 715,000{ 0.0496 || 660 | 455,000 | 0.1226
65 4,620,000{0.001188 || 430 698, 0.0520 | 665 | 451,000 | 0.1245
70 | 4,290,000/0.001378 | 440 682,000{ 0.0545 || 670 | 448,000 | 0.1264
75 | 4,000,000/0.001583 || 450 667,000 0.0570 {| 675 [ 444,000 0.1283
80 | 3,750,0000.001801 || 460 652,000 0.0596 | 680 | 441,000 [ 0.1302
85 | 3,529,000[0.002034 || 470 639,000 0.0622 || 685 | 438,000 0.1321
90 | 3,333,000{0.002280 | 480 625,000, 0.0649 | 690 | 435,000 | 0.1340
95 | 3,158,000/0.002541 || 490 612,000 0.0676 || 695 | 432,000 | 0.1360
100 | 3,000,000/0.00282 500 600,000( 0.0704 || 700 | 429,000 | 0.1379
110 2,727,000{0.00341 505 594,000) 0.0718 || 705 | 426,000 0.1399
120 | 2,500,000]0.00405 510 588,000( 0.0732 || 710 | 423,000 | 0.1419
130 | 2,308,000/0.00476 515 583,000{ 0.0747 | 715 | 420,000 | 0.1439
140 | 2,143,000/0.00552 | 520 577,000 0.0761 || 720 | 417,000 | 0.1459
150 | 2,000,000/0.00633 525 572,000 0.0776 || 725 | 414,000 [ 0.1479
160 1,875,000|0.00721 530 566,000f 1.0791 || 730 | 411,000 | 0.1500
170 1,764,000(0.00813 535 561,000| 0.0806 {| 735 | 408,000} 0.1521
180 1,667,000|0.00912 | . 540 556,000{ 0.0821 || 740 | 405,000} 0.1541
190 1,579,000/0.01015 545 551,000 0.0836 || 745 | 403,000 | 0.1562
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Meters n LXC {|Meters n LXxC |[Meters n LxC
750 | 400,000 | 0.1583 || 1000 | 300,000 0.282 1500 { 200,000 | 0.633
755 | 397,000 | 0.1604 [} 1010 | 297,100 0.287 1510 | 198,700 { 0.642
760 | 395,000 | 0.1626 || 1020 | 294,200 | 0.293 1520 | 197,400 | 0.650
765 | 392,000 | 0.1647 || 1030 { 291,300 0.299 1530 | 196,100 | 0.659
770 | 390,000 | 0.1669 }| 1040 | 288,500 0.304 1540 | 194,800 | 0.667
775 | 387,000 | 0.1690 || 1050 | 285,700 | 0.310 1550 | 193,500 | 0.676
780 | 385,000 | 0.1712 [} 1060 | 283,000 { 0.316 1560 | 192,300 | 0.685
785 | 382,000 | 0.1734 || 1070 | 280,400 0.322 1570 | 191,100 0.694
790 | 380, 000 0.1756 {{ 1080 | 277,800 } 0.328 1580 | 189,900 | 0.703
795 | 377, 000 0.1779 || 1090 | 275,200 | 0.334 1590 | 188,700 | 0.712
800 | 375,000 | 0.1801 || 1100 | 272,700 | 0.341 1600 | 187,500 | 0.721
805 [ 373,000 | 0.1824 (I 1110 | 270,300 | 0.347 1610 | 186,300 | 0.730
810 | 370,000 § 0.1847 || 1120 | 267,900 0.353 1620 | 185,100 0.739
815 | 368,000 } 0.1870 || 1130 § 265,500 0.359 1630 | 184, 000 0.748
820 366 000 | 0.1893 || 1140 | 263,200 0.366 1640 | 182, 900 0.757
825 | 364, 000 0.1916 || 1150 | 260,900 0.372 1650 | 181, 800 0.766
830 | 361, 000 0.1939 || 1160 | 258,600 | 0.379 1660 | 180, 700 0.776
835 | 359, 000 0.1962 || 1170 | 256,400 0.385 1670 179 600 | 0.785
840 | 357, 000 0.1986 )| 1180 | 254,200 |- 0.392 1680 178 500 | 0.794
845 | 355, 000 0.201 1190 | 252,100 | 0.399 1690 177,400 0.804
850 | 353,000 | 0.203 1200 | 250,000 | 0.405 1700 | 176,400 | 0.813
855 | 351,000 | 0.206 1210 | 247,900 | 0.412 1710 | 175,400 | 0.823
860 | 349,000 | 0.208 1220 | 245,900 0.419 1720 | 174,400 | 0.833
865 | 347,000 | 0.211 1230 | 243,900 0.426 1730 | 173,400 0.842
870 | 345,000 | 0.213 1240 | 241,900 0.433 1740 172 400 0.852
875 { 343,000 | 0.216 1250 | 240,000 0.440 1750 | 171, 400 0.862
880 | 341,000 | 0.218 1260 | 238,100 0.447 1760 | 170, 500 0.872
885 | 339,000 { 0.220 1270 | 236,200 0.454 1770 169 500 0.882
890 | 337,000 | 0.223 1280 | 234,400 0.461 1780 168 500 0.892
895 { 335,000 | 0.225 1290 { 232,600 | 0.468 1790 167 600 0.902
900 | 333,000 | 0.228 1300 { 230,800 | 0.476 1800 | 166,700 0.912
905 § 331,000 | 0.231 1310 229 ,000 | 0.483 1810 | 165,700 | 0.922
910 | 330,000 | 0.233 1320 | 227 300 0.490 1820 | 164,800 | 0.932
915 | 328,000 | 0.236 1330 225 ,600 0.498 1830 | 163,900 0.943
920 | 326,000 | 0.238 1340 223 ,900 | 0.505 1840 | 163, 000 0.953
925 | 324,000 | 0.241 1350 202 ,200 | 0.513 1850 | 162,200 | 0.963
930 | 323, 000 0.243 1360 | 220 600 0.521 1860 | 161, 300 0.974
935 | 321, 000 0.246 1370 219,000 0.528 1870 160,400 0.984
940 319 000 §{ 0.249 1380 | 217,400 { 0.536 1880 1 159,600 0.995
945 | 317, 000 0.251 1390 | 215,800 0.544 1890 | 158,700 1.005
950 | 316,000 | 0.254 1400 | 214,300 0.552 1900 | 157,900 1.015
955 | 314,000 | 0.257 1410 | 212,800 0.560 1910 | 157,100 1.026
960 | 313,000 | 0.259 1420 | 211,300 | 0.568 1920 | 156,300 1.037
965 | 311,000 | 0.262 1430 | 209,800 | 0.576 1930 | 155,400 1.048
970 | 309,000 | 0.265 1440 | 208 300 0.584 1940 | 154,600 1.059
975 | 308,000 | 0.268 1450 206 900 { 0.592 1950 | 153,800 1.070
980 { 306,000 | 0.270 1460 | 205 500 0.600 1960 | 153,100 | 1.081
985 | 305,000 | 0.273 1470 204 100 | 0.608 1970 | 152,300 1.092
990 | 308, 000 0.276 1480 202 700 | 0.616 1980 | 151,500 1.103
995 302 000 | 0.279 1490 201,300 0.625 1990 | 150,800 | 1.114
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Meters n LXC [{Meters n LXC [{Meters n LxC
2000 | 150,000 | 1.126 i 3000 | 100,000 | 2.53 4000 | 75,000 4.50
2020 | 148,500 1.148 3020 99,400 | 2.57 4020 | 74,700 4.55
2040 | 147,100 | 1.171 {| 3040 | 98,700 | 2.60 4040 | 74,300 4.59
2060 | 145,600 | 1.194 || 3060 | 98,100 | 2.64 4060 | 73,900 4.64
2080 | 144,200 | 1.218 |{ 3080 | 97,400 | 2.67 4080 { 73,600 4.69
2100 | 142,900 | 1.241 || 3100 | 96,800 | 2.70 4100 | 73,200 4.73
2120 | 141,500 1.265 3120 96,200 | 2.74 4120 | 72,800 | 4.78
2140 | 140,200 | 1.289 3140 95,600 | 2.78 4140 | 72,500 4.82
2160 | 138,900 1.313 3160 95,000 { 2.81 4160 72 ,100 4 .87
2180 | 137,600 1.338 3180 04400 | 2.85 4180 | 71 800 4.92
2200 | 136,400 | 1.362 3200 93,800 | 2.88 4200 | 71,500 4.96
2220 | 135,000 | 1.387 3220 03,200 | 2.92 4220 | 71,100 5.01
2240 | 133,900 | 1.412 || 3240 | 92,600 | 2.96 ‘]| 4240 | 70,800 5.06
2260 | 132,700 1.438 3260 92,000 | 2.99 4260 | 70,400 5.11
2280 | 131,600 1.463 3280 91,500 | 3.03 4280 70 100 5.16
2300 | 130,400 | 1.489 i}l 3300 | 90,900 | 3.06 4300 69,800 5.20
2320 | 129,300 1.615 3320 90,400 | 3.10 4320 | 69,500 5.25
2340 | 128,200 1.541 3340 89,800 | 3.14 4340 69 100 5.30
2360 { 127,100 | 1.568 |! 3360 | 89,300 | 3.18 4360 | 68, 1800 5.35
2380 126000 1.504 [} 3380 | 88,800 | 3.22 4380 68500 5.40
2400 | 125,000 { 1.621 } 3400 | 88,300 | 3.25 4400 | 68,200 5.45
2420 { 124,000 { 1.548 3420 87,700 | 3.29 4420 | 67,900 5.50
2440 { 122900 | 1.676 3440 87,200 | 3.33 4440 | 67,600 5.56
2460 | 121,900 | 1.703 j 3460 | 86,700 | 3.37 4460 | 67,300 5.60
2480 | 121 000 1.731 3480 86,200 | 3.41 4480 | 67,000 5.65
2500 120,000 1.759 || 3500 | 85,700 { 3.45 4500 | 66,700 5.70
2520 | 119,000 1.787 3520 85,300 | 3.49 4520 | 66,400 5.76
2540 118 100 | 1.816 3540 84800 | 3.53 4540 | 66,100 5.80
2560 117200 1.845 3560 84,300 | 3.57 4560 | 65,800 5.85
2580 | 116,300 | 1.874 | 3580 83,800 | 3.61 4580 | 65,500 5.90
2600 | 115,400 | 1.903 |t 3600 | 83,400 3.65 4600 | 65,200 5.96
2620 | 114,500 1.932 3620 | 82,900 3.69 4620 | 65,000 6.01
2640 | 113600 | 1.962 {| 3640 | 82,400 | 3.73 || 4640 | 64,700 | 6.06
2660 | 112,800 | 1.991 || 3660 | 82,000 3.77 4660 | 64,400 6.11
2680 | 111,900 | 2.02 3680 | 81,500 3.81 4680 | 64,100 6.17
2700 | 111, 100 2.05 3700 | 81,100 3.85 4700 | 63,900 6.22
2720 | 110, '300 | 2.08 3720 | 80,700 3.90 4720 | 63,600 6.27
2740 | 109, 500 2.11 3740 | 80,200 3.94 4740 | 63,300 6.32
2760 | 108, 700 | 2.14 3760 | 79,800 3.98 4760 | 63,000 6.38
2780 | 107, '900 | 2.18 3780 1 79,400 4.02 4780 | 62,800 6.43
2800 | 107,100 { 2.21 3800 | 79,000 4.06 4800 | 62,500 6.49
2820 |- 106,400 | 2.24 3820 { 78,600 4.11 4820 | 62,300 6.54
2840 | 105,600 | 2.27 3840 § 78,200 4.15 4840 | 62,000 6.59
2860 | 104,900 | 2.30 3860 { 77,700 4.19 4860 | 61,800 6.65
2880 | 104,200 | 2.33 3880 | 77,300 4.24 4880 { 61,500 6.70
2900 | 103,400 | 2.37 3900 { 76,900 4.28 4900 | 61,200 6.76
2920 | 102,700 | 2.40 3920 | 76,500 4.32 4920 | 61,000 6.81
2940 | 102,000 | 2.43 3040 | 76,200 4.37 4940 { 60, 6.87
2060 | 101.300 | 2.47 3960 | 75,800 4.41 4960 | 60,500 6.92
2080 | 100,700 | 2.50 3980 75400 4.46 4980 { 60,300 6.98




APPENDIX

RELATION OF NATURAL WAVELENGTH, ETC.—Continued

Meters n LXC |(Meters n LX(C [|Meters n LXxC
5000 | 60,000 7.04 7500 | 40,000 15.83 [ 10000} 30,000 28.2
5050 | 59,400 7.18 7550 39 700 16.04 || 10100} 29,700 28.7
5100 | 58,800 7.32 7600 39,500 16.26 || 10200{ 29,400 29.3
5150 | 58,300 7.47 7650 | 39,200 16.47 {{ 10300} 29,100 29.9
5200 | 57,700 7.61 7700 | 39,000 16.69 || 10400{ 28,800 30.4
5250 57 ,200 7.76 7750 | 38,700 16.90 |i 10500; 28,600 31.0
5300 56,600 7.91 7800 | 38,500 17.12 || 10600; 28,300 31.6
5350 | 56,100 8.06 7850 | 38,200 17.34 || 10700] 28,000 32.2
5400 55 600 8.21 7900 | 38,000 17.56 || 10800; 27,800 32.8
5450 55 100 8.36 7950 37 700 17.79 || 10900 27,500 33.4
5500 | 54,600 8.52 8000 | 37,500 18.01 || 11000} 27,300 34.1
5550 | 54,100 8.67 8050 | 37,300 18.24 |§ 11100| 27,000 34.7
5600 | 53,600 8.83 8100 | 37,000 18.47 || 11200} 26,800 35.3
5650 | 53,100 8.99 8150 | 36,800 18.70 || 11300} 26,500 35.9
5700 | 52,700 9.15 8200 | 36,600 18.93 |} 11400] 26,300 36.6
5750 1 52,200 9.31 8250 | 36,400 19.16 || 11500| 26,100 37.2
5800 | 51,700 9.47 8300 36 100 19.39 J| 11600} 25,900 37.9
5850 | 51,300 9.63 8350 35,900 19.62 {j 11700{ 25,600 38.5
5900 50 200 9.80 8400 | 35,700 19.86 || 11800} 25,400 39.2
5950 50 ,400 9.96 8450 35 ,500 20.1 11900{ 25,200 39.9
6000 | 50,000 | 10.13 8500 | 35,300 20.3 12000{ 25,000 40.5
6050 | 49,600 | 10.30 8550 { 35,100 20.6 12100 24,800 4]1.2
6100 | 49,200 | 10.47 8600 34 ,900 20.8 12200 24,600 41.9
6150 | 48,800 | 10.65 8650 31 ,700 21.1 12300 24,400 42.6
6200 | 48,400 | 10.82 8700 34 ,500 21.3 12400] 24,200 43.3
6250 | 48000 ( 11.00 || 8750 | 34300 | 21.6 || 12500 24,000 | 44.0
6300 | 47,600 | 11.17 8800 | 34,100 21.8 12600} 23,800 44.7
6350 47 200 | 11.35 8850 | 33 900 22.0 12700; 23,600 45 .4
6400 46900 11.53 8900 33 700 22.3 12800 23,400 46.1
6450 | 46,500 | 11.71 8950 33 ,600 22.5 12900( 23, 300 46.8
6500 | 46,200 | 11.89 9000 { 33,300 22.8 13000{ 23,100 47.6
6550 | 45,800 | 12.08 9050 | 33,100 23.1 || 13100, ‘72 ,900 48.3
6600 | 45,500 | 12.26 9100 | 33,000 23.3 13200, 22 700 49.0
6650 | 45,100 | 12.45 9150 | 32,800 23.6 13300 22 ,600 49.8
6700 44 800 | 12.64 9200 | 32,600 23.8 13400 22 400 50.5
6750 44 4400 | 12.83 9250 | 32,400 24.1 13500 22 ,200 51.3
6800 44 100 | 13.02 9300 | 32,300 24.3 13600 22 100 52.1
6850 43,800 13.21 9350 | 32,100 24 .6 13700 21 900 52.8
6900 | 43,500 | 13.40 9400 | 31 900 24.9 13800] 21 700 53.6
6950 | 43,200 |} 13.60 9450 § 31 700 25.1 13900 21 600 54 .4
7000 | 42,900 | 13.79 9500 ! 31,600 25.4 14000; 21,400 55.2
7050 42,600 13.99 9550 | 31,400 25.7 14100 21 300 56.0
7100 | 42,300 | 14.19 9600 | 31,300 25.9 14200) 21 100 56.8
7150 | 42 000 14.39 9650 | 31,100 26.2 14300 21,000 57.6
7200 | 41, 700 14.59 9700 | 30,900 26.5 14400, 20,800 58.4
7250 | 41 400 | 14.79 9750 | 30,800 26.8 14500 20 700 59.2
7300 | 41 ,100 15.00 9800 | 30,600 27.0 14600 20,600 60.0
7350 | 40,800 | 15.21 9850 30,500 27.3 14700; 20,400 60.8
7400 | 40,500 | 15.41 9900 30,300 27.6 14800 20,300 61.6
7450 | 40,300 | 15.62 9950 30,200 27.9 14900} 20,100 62.5
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Meters n LXC ([Meters n LXC [|Meters n LxC

15000 20,000 63.3 19000| 15,790 101.5 {i 26000 11,540 196.3
15100{ 19,870 64.2 19100} 15,710 102.6 || 26200 11,450 193.2
15200} 19,740 65.0 19200 15,630 103.7 (i 26400/ 11,360 196.2
15300| 19,610 65. 19300; 15,540 104.8 || 26600| 11,280 199.1
15400{ 19,480 66. 19400| 15,460 105.9 || 26800( 11,190 § 202.0
15500 19,350 67. 19500 15,380 107.0 f 27000{ 11,110 | 205.0
15600] 19,230 68. 19600 15,310 108. 27200{ 11,030 | 208.0
15700 19,110 69. 19700 15,230 109. 27400} 10,950 | 211.0
158001 18, 1990 70. 19800 15,150. | 110. 27600{ 10,870 | 214.0
15900 18 870 71. 19900 15,080 111. 27800| 10,790 | 218.0

16000{ 18,750 72. 20000 15,000 112, 28000{ 10,710 } 221.0
16100{ 18, ,630 73. 20200 14 350 114, 28200| 10,640 | 224.0
16200{ 18, 510 73. 20400| 14, 710 117. 28400| 10,560 | 227.0
16300 18,400 74. 20600 14 560 119. 28600] 10,490 | 230.0

16500 18,180 | 76. 21000] 14,290 124. 29000{ 10,340 | 237.0
16600| 18, 070 77. 21200 14,150 126. 29200 10,270 | 240.0
16700{ 17, 1960 78. 21400| 14,020 128. 29400f 10,200 | 243.0

16900 17 740 80. 21800 13 760 133. 29800 10,070 | 250.0

17000 17,640 81. 22000 13,640 136. 30000| 10,000 | 253.0

22200{ 13,510 | 138.7 || 31000{ 9,600 | 270.0
. 22400 13,390 | 141.2 || 32000 9,380 | 288.0
17300| 17,340 | 84. 22600 13.270 | 143.

. 22800| 13,160 | 146.3 || 34000] 8,830 | 325.0
17500] 17,140 | 86. 23000{ 13,040 | 148.9 |l 35000 8570 | 345.0
17600] 17,050 | 87.2 | 23200| 12930 | 151
17700{ 16950 | 88.2 |l 23400| 12820 | 154
17800| 16850 | 89.2 || 23600| 12710 | 156.

9
7
6
5
4
3
2
1
0
9
8
16400 18,290 75.';) 20800 14,420 121. 28800 10,420 | 233.0
6
5
4
4
3
3
3
2
2
2

36000{ 8, 1340 | 365.0

1

2

3

4

6

8

1

4

8

1

5

9

16800 17 850 79. 21600| 13, 890 131.3 || 29600{ 10,130 | 247.0

8

2

7

2

8

3

9

5

1} 37000 8110 385.0
8
4

179001 16,760 90.2 23800 12,600 159. 39000) 7 690 428.0
18000} 16,670 91.2 i} 24000; 12,500 162.1
18100 16,570 92.2 || 24200{ 12,400 154.8
18200) 16,480 93.2 || 24400] 12,290 | 167.6
18300 16,390 94.3 || 24600 12,190 170.3
18400, 16,300 95.3 || 24800{ 12,100 | 173.1
18500 16,220 96.3 || 25000] 12,000 1759
18600| 16, ,130 97.4 || 25200] 11,900 178.7
18700 16, 1040 98.4 (| 25400] 11 810_ 181.6
18800 15,960 99.5 || 25600] 11 720 184.5
18900 15,870 100.5 || 25800f - 11,630 187 .4
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FREQUENCY VERSUS WAVELENGTH
12
DY
where f = frequency in cycles;
M\ = wavelength in meters;
V = the velocity of propagation of electromagnetic waves, or 299,820,000

meters per second. .
KiLocycLEs To METERS, OR

Kilo- Kilo- Kilo- Kilo- Kilo-

Meters eyeles Meters eycles Meters eycles Meters eycles Meters eycles
5 |59960 500 599.6 1000 299.8 1500 199.9 2000 149.9
10 |29980 510 | 587.9 1010 | 296.9 1510 | 198.6 || 2010 | 149.2
20 (14990 52C | 576.6 1020 ¢ 293.9 1520 | 197.2 2020 | 148.4
30 | 9994 530 | 565.7 1030 | 291.1 1530 | 196.0 2030 | 147.7
40 7496 540 556.2 1040 288.3 1540 194.7 2040 147.0
50 | 5996 550 | 545.1 1050 | 285.5 1550 | 193.4 2050 | 146.3
60 | 4997 560 | 535.4 1060 | 282.8 || 1560 | 192.2 2060 | 145.5
70 | 4283 570 | 526.0 1070 | 280.2 1570 | 191.0 2070 | 144.8
80 | 3748 580 | 516.9 1080 | 277.6 1580 | 189.0 2080 | 144.1
90 | 3331 590 | 508.2 1090 | 275.1 1590 | 188.6 2090 | 143.5
100 2998 600 499.7 1100 272.6 1600 187.4 2100 142.3
110 | 2726 610 | 491.5 1110 | 270.1 1610 | 186.2 2110 | 142.1
120 2499 620 483.6 1120 267.7 1620 185.1 2120 141.4
130 | 2306 630 | 475.9 1130 | 265.3 1630 | 183.9 2130 | 140.8
140 | 2142 640 | 468.5 1140 | 263.0 1640 | 182.8 2140 | 140.1
150 | 1999 650 | 461.3 1150 | 260.7 1650 | 181.7 2150 | 139.5
160 | 1874 660 | 454.3 1160 | 258.5 1660 | 180.6 2160 | 138.8
170 | 1764 670 | 447.5 1170 | 256.3 1670 | 179.5 2170 | 138.1
180 | 1666 680 | 440.9 1180 | 254.1 1680 | 178.5 2180 | 137.5
190 | 1578 690 | 434.5 1190 | 252.0 1690 | 177.4 2190 | 136.9
200 | 1499 700 | 428.3 1200 | 249.9 1700 | 176.4 2200 [ 136.3
210 1428 710 422.3 1210 247 .8 1710 175.3 2210 135.7
220 | 1363 720 | 416.4 1220 | 245.8 1720 | 174.3 2220 | 135.1
230 1304 730 410.7 1230 243.8 1730 173.3 2230 134.4
240 | 1249 740 | 405.2 1240 | 241.8 1740 | 172.3 2240 | 133.8
250 | 1199 750 | 399.8 1250 | 239.9 1750 | 171.3 2250 { 133.3
260 | 1153 760 | 394.5 1260 | 238.0 1760 | 170.4 2260 | 132.7
270 | 1110 770 | 389.4 1270 { 236.1 1770 | 169.4 2270 | 132.1
280 ([ 1071 780 | 384 .4 1280 | 234.2 1780 | 1€8.4 2280 | 131.5
290 | 1034 790 | 379.5 1290 | 232.4 1790 | 167.5 2290 [ 130.9
300 999 .4 800 374.8 1300 230.6 1800 166.6 2300 130.4
310 967.2 810 | 370.2 1310 | 228.9 1810 | 165.6 2310 | 129.8
320 936.9 820 | 365.6 1320 | 227.1 1820 { 164.7 2320 | 129.2
330 908.6 830 | 361.2 1330 | 225.4 1830 | 163.8 2330 | 128.7
340 881.8 840 | 356.9 1340 | 223.7 1840 | 162.9 2340 | 128.1
350 856.6 850 | 352.7 1350 | 222.1 1850 | 162.1 2350 | 127.6
360 832.8 860 | 348.6 1360 | 220.4 1860 | 161.2 2360 | 127.0
370 810.3 870 344.6 1370 218.8 1870 160.3 2370 126.5
380 789.0 880 | 340.7 1380 | 217.3 1880 { 159.5 2380 | 126.0
390 768.8 890 | 336.9 1390 | 215.7 1890 | 158.6 2390 | 125.4
400 749.6 900 | 333.1 1400 | 214.2 1900 | 157.8 2400 | 124.9
410 731.3 910 | 329.5 1410 | 212.6 1910 | 157.0 2410 | 124 .4
420 713.9 920 | 325.9 1420 | 211.1 1920 | 156.2 2420 | 123.9
430 697.3 930 | 322.4 1430 | 209.7 1930 | 155.3 2430 | 123.4
440 681.4 940 | 319.0 1440 | 208.2 1940 | 154.5 2440 | 122.9
450 666.3 950 | 315.6 1450 | 206.8 1950 | 153.8 2450 | 122.4
460 651.8 960 | 312.3 1460 | 205.4 1960 | 153.0 2460 | 121.9
470 637.9 970 | 309.1 1470 | 204.0 1970 | 152.2 2470 | 121.4
480 624.6 980 | 305.9 1480 | 202.6 1980 | 151.4 2480 | 120.9
490 611.9 990 | 302.8 1490 | 201.2 1990 | 150.7 2490 | 120.4

This table is used to convert wavelength in meters to kilocycles or kilocycles to meters.
It should be remembered that the values are interchangeable, for example:

If the wavelength in meters is required for 1300 kilocycles, it can be found by referring
to the figure 1300 in the ‘ Meters "’ column. Here it is seen that the corresponding figure
is 230.6 in the “ Kilocycles '’ column.

Therefore,
1300 ke. = 230.6 meters.
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Example: To find the frequency in cycles of a wavelength of 200 meters:
299,
S = ——%‘02 = 1,499,100 cycles,
or 1499 kilocycles.
The wavelength may be obtained by transposing the above formula:

MeTERS TO KILocycLes

Meters| XKilo- lnfeters] Kilo- linfaters| Kilo- Hinfopers| Kilo- infeters| Kilo-

2510 | 119.5 || 3020 | 99.28 || 4020 | 74.58 | 5050 | 5937 || 7550 | 39.71

2770 | 108 3540 | 84.70 4540 | 66 6350 | 47.22 8850 | 33.88
2780 | 107 3560 | 84.22 4560 | 65.75 | 6400 | 46.85 8000 | 33.69
2790 | 107 3580 | 83.75 4580 | 65.46 | 6450 | 46.48 8950 | 33.50

107 3600 ; 83.28 4600 | 65.18 || 6500 | 46.13 9000 | 33.31
2810 ;| 106 3620 | 82.82 4620 | 64.90 | 6550 (| 45.77 9050 | 33.13
2820 | 106 3640 | 82.37 4640 | 64.62 || 6600 | 45.43 9100 | 32.95
2830 | 105 3660 | 81.92 4660 | 64.34 j| 6650 | 45.09 9150 | 32.77
2840 | 105 3680 | 81.47 4680 | 64.06 || 6700 ( 44.75 9200 | 32.59
2850 | 105 3700 | 81.03 4700 | 63.79 || 6750 | 44.42 9250 | 32.41
2860 | 104 3720 | 80.60 4720 | 63.52 il 6800 | 44.09 9300 | 32.24
2870 | 104 3740 | 80.17 4740 | 63.25 | 6850 | 43.77 9350 | 32.07
2880 | 104 3760 | 79.74 4760 { 62.90 || 6900 | 43.45 9400 | 31.90
2890 | 103 3780 | 79.32 4780 | 62.72 || 6950 | 43.14 9450 | 31.73
2 103 3800 | 78.90 4800 | 62.46 || 7000 | 42.83 9500 { 31.56

2980 | 100.6 3960 { 75.71 4960 | 60.45 || 7400 | 40.52 |[ 9900 | 30.28
2990 | 100.3 3980 | 75.33 4980 | 60.20 |l 7450 | 40.24 {i 9950 | 30.13

Values of wavelength not listed in the columns may be found by applying the decimal
system. For example it may be desired to find the frequency corresponding to 372
meters. There is no wavelength value given to correspond to this number Therefore,
by multiplying 372 by 10, we obtain the figure 3720, whlch is found listed in the * Meters "
column and correspondmg to af frequency of 80.60. Since the first value is multlplled
by 10, we can move the decimal point one place to the right, giving us a value of 806.0 kc.
'l‘herefore a wavelength of 372 meters corresponds to a frequency of 806 ke.
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1
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Complete ship-board radio installation consisting of the ET-3628 tube transmitter,
IP-501 receiver, and 120-volt storage battery bank for supplying the main operating
power in an emergency.
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LEGEND FOR COMPLETE ET-3628 INSTALLATION

? .C. supply, sbip’s generator.

Polanty reveresing switch.

Main circuit contact of overload circuit
breaker.

Main circuit contact of overload circuit
breaker.

Overload circuit breaker electro-magnet.

Charging resistors.

Charging resistors.

Bank of 30 lead-acid storage cells.

Bank of 30 lead-acid storage cells.

Ampere-hour meter.

Trickle-charge lamp.

Trickle-charge lamp.

Low voltage coil circuit contact.

Low voltage coil circuit contact.

Limiting resistor.

Underload no voltage coil.
Voltage multiplier.

Voltmeter.

Voltmeter switch.,

Volt ter plug r pt. le.

Voltmeter plug receptacle.

Voltmeter plug.

Six-pole charge-diacharge switch.

. Fuses.

Transmitter panel d-c. supply switch.

Filament rotary converter (d-c. end).

Filament rotary converter voltage regu-
lator rheostat.

A.C. end of filament rotary converter.

Filament heating transformer.

Filament by-pass condenser (.5 mfd.).

Filament by-pass condenser (.5 mfd.).

Filament voltmeter.

Automatic starter solenoid coil.

Solenoid coil protective resistor.

Short-circuiting contacts for protective re-
sistor,

Fixed contact on overload relay,

Movable contact on armature of overload
relay.

Starting button switch.

Starting reaistors and contact fingers.

Contact plunger bar.

Flexible connection.

Motor armature.

Protective condenser (1 mfd.;.

Protective condeneer (1 mfd.).

Overload relay coil.

Holding coil.

Holding coil fixed contact.

Holding coil limiting resistor.

Dynamic brake resistance.

Dynamic brake contact.

Gencrator field contact.

Generator field switch,

Generator field rheostat.

Low power resistor and switch.

Generator field,

Protective condenser (1 mfd. ;

Protective condenser (1 mfd.

Motor field.

Motor field rheottat.

Protective condenser (1 mfd.;.

Protective condenser (1 mfd.).

A.C. generator armature.

A.C. output switch.

Wattmeter.

Hand key.

Primary of plate transformer.

Secondary of plate transformer.
Plate r.f. choke coil.
Plate r.f, choke coil.
UV204-A vacuum tube.
UV204-A vacuum tube.
Plate blocking condenser (.001 mfd.).
Plate blocking condenser (.001 mfd.).
Plate coupling condenser (.002 mfd.).
Gnd coupling condeneer (.014 mfd.).
d r.f. choke coil.
Gx'd bias resistor, 4000 ohms.
Wave changmg awwoh (' tank "' ericuit).
Primar, ** tank ‘' circuit inductance of
aerial traneformer.
Secondary inductance of aerial trans-
former.

. Ground.

Antenna ammeter and thermo-couple.
Antenna load coil.
Wave changm% awitch (secondary circuit).
Aerial load coi
Aerial fine tuning inductance.
Aerial tuning inductance switch.
Aerial change-over switch.

Aerial connection.

Receiver connection,

Transmitter connection.

Motor starter contacta.

Generator field contacts.

A.C. generator contacts.
Lightning switch.
Aerial.

. Ground.

Primary winding of receivirg transformer,

Primary inductance switch.

Long wave attachment link.

Primary series tuning condenser (.0008-
.0045 mid.).

Ground_ connection.

Grounding condenser.

Buszzer tester.

Buzzer push button switch.

Buzzer battery.

. Buzzer pick-up coil.

Courhng of secondary inductance.

Secondary inductance.

Secondary inductance switch.

Long wave attachment link.

Coupling coil of secondary inductance.

Tickler coil.

Coupling coil of tickler inductance.

wave attachment link.

Oscillation test button switch.

Detector tube UX201-A.

Detector filament rheostat.

Grid leak and condenser.

. Plate to filament by-pasa condenser.

Secondary tuning condenser (.00008-
0032 mfd.).

‘“ A* battery.

‘“B " battery.

. C" battery.

Detector jac

First stage audio transformer,

First stage amplifier tube UX201-A.

Filament rheostat.

First stage amplifier jack.

Second stage audio transformer.

Second stage nmphﬁer tube UX201-A.

Filament rheostat

Second stage amphﬁer jack.
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OPERATION OF COMPLETE SHIP-BOARD APPARATUS

The E.T. 3628 Transmitter.—Refer to pages 1015 and 1016. The
transmitter may be operated from the ship’s generator or, in an emer-
gency, from the storage battery, by throwing the six-pole switch (24)
to the left or right, respectively. When using the ship’s generator
the storage battery panel circuit breaker should be open, discon-
necting the storage batteries.

When the d-c. supply switch (25) on the transmitter is closed current
will flow through the motor field (58). When aerial switch (86) is
thrown in the down position, or the starting button (38) is closed, cur-
rent will flow through the starting solenoid (33), through the protective
resistor (34), through the lower contact of overload relay (36), through
contact bar (37), and back to the negative line. This will cause the
contact bar (40) to move upward. As soon as the bar touches the first
contact finger current will flow through the starting resistances (39),
through the flexible connection (41), through the motor armature (42),
through the overload coil (45), and to the negative side of the line. The
motor will now start and, as the contact bar continues to rise, the motor
speed will increase until the bar reaches the top contact, at which time
the motor will be running at maximum speed. At this point the pro-
tective resistance (34) is automatically cut in the circuit by the contact
(35), which is operated mechanically. The bar now touches the gen-
erator field contact (51) and current flows through the generator field
(55), providing the generator field switch (52) is closed. The output
voltage of the generator is controlled by the rheostat (53). Low power
is obtained by opening switch (54) which cuts in the series resistance.
As a safety measure switch (52) is used to open the generator field while
the motor-generator is running and the transmitter is not being operated.

The input to the primary (66) of the power transformer is controlled
by the hand key (65) and measured by the wattmeter (64). The sec-
ondary (67) of the power transformer is center-tapped (mid-tapped)
and its outer two terminals are connected to the plates of the two
UV204-A tubes. Plate choke coils (68 and 69) prevent r.f. currents
from flowing in the transformer. The condensers (72 and 73) prevent
the low-frequency supply current from flowing in the r.f. circuits, but
permits the high-frequency to pass through readily to the “ tank " cir:
cuit. Condensers (74 and 75) couple the plate and grid circuits respect-
ively, and with the tank inductance (79), constitute the closed oscilla-
tory circuit. Coil (76) is a grid choke for preventing the flow of para-
sitic currents, i.e., ultra high frequencies.
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Switch (78) changes the wavelength of the tank circuit. It is
mechanically connected to the secondary switch (83), thereby permit-
ting the inductance of both circuits to be changed at the same time.
The inductance of the secondary coil (80) remains fixed after the trans-
mitter is tuned and it should not be changed. The thermo-coupled
ammeter (81) measures the antenna current. Coils (82 and 84) are aerial
load coils. Coil (85) is the aerial fine tuning inductance. The aerial
change-over switch (86) transfers the aerial from the transmitting to
the receiving position and vice versa. The lightning switch (87) should
be grounded when the operator is not on duty.

The filaments of the UV204-A vacuum tubes (70 and 71) receive
their current supply from the step-down filament transformer (29).
The condensers (30 and 31) by-pass r.f. current around the trans-
former. The meter (32) measures the filament voltage. The filament
transformer is supplied from a small 100-watt rotary converter, the
output of which is controlled by the rheostat (27).

The generator (62) output is increased by means of the field rheo-
stat (53) until the safety spark gaps on the tank circuit condensers
begin to spark over. The voltage is then decreased to a point just
short of where sparking occurs; the wattmeter (64) should read about
1.5 kw. The foregoing adjustment is for maximum outputs; lower
outputs may be obtained by including more resistance in the generator
field rheostat (53).

The key (65) should not be pressed while changing wavelengths in
order to avoid arcing at the switch contacts.

To stop the transmitter the aerial change-over switch (86) is thrown
to the receiving or up position. This not only shifts the aerial from the
transmitter to the receiver but opens the key, generator field and
starter circuits as well, eliminating the possibility of accident due to
live circuits.

The IP-501 Receiver.—When the aerial switch (86) is thrown in
the receiving position received signal energy will flow from contact (A)
to (B), to the primary inductance switch (90), thence through induc-
tance (89) through the antenna series condenser (92), and to ground
(93). The coil (98), a part of the secondary inductance, is employed
to provide variable coupling between the primary and secondary cir-
cuits. Condenser (94) is used to ground the filament side of the sec-
ondary. When the primary and secondary are in resonance current
will flow through the main secondary coil (100), the inductance of which
is adjustable by means of switch (101). The purpose of condenser (111)
is to tune the secondary. Coil (103) is a part of the secondary and is
used to couple the tickler coil (105). Coil (104) is the main tickler coil.
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The grounded shield (99) prevents undesirable induction between
the primary and secondary circuits. When the oscillation test button
(107) is closed the tickler coil is short-circuited; this enables the oper-
ator to ascertain if the circuit is in a state of oscillation. A elick indi-
cates that the circuit is oscillating.

The remainder of the receiving circuit, consists chiefly of a standard
two-stage audio amplifier with jacks (114-118-122) in each stage, and
individual filament rheostats (109-117-121). Either the detector, first
stage, or two stages, may be used for reception of signals. A crystal
detector may be employed by connecting it to binding posts on the
panel provided for that purpose (not shown in the diagram). To aid
in adjusting the crystal detector, and to test the set in general, the
buzzer circuit (95-96-97) has been provided. It is inductively coupled
to the aerial by the pick-up coil (974).

In operating the I.P. 501 receiver the filament rheostats should be
turned on, and the small * send-receive ’ switch on the receiver panel
placed in the ‘ receive ” position. The coupling between (89) and (98)
should be tightened, maximum primary condenser capacity used, and
minimum secondary condenser capacity and minimum tickler coupling
employed. These adjustments place the receiver in the * listen in ”
or ‘“ stand by ”’ position.

When tuning for spark signals or 1.c.w. the primary and secondary
inductance switches are turned until the desired signal is heard, and
both inductances (89-100) and condensers (92) and (111) are adjusted
for maximum signal strength. The coupling between the primary and
secondary should be loosened as much as possible. When tuning for
c.w. signals the tickler knob should be turned until the circuit is oscil-
lating. The links 91, 102 and 106 are provided so that extra loading
inductances may be used for long waves (a long wave attachment is
usually provided for use with this receiver).

Storage Battery Charging Panel.—To charge the batteries switch
(3) is closed in the correct position and the six-pole switch (24) is thrown
to the left. The circuit breaker is now closed with the left hand and,
at the same time, the iron plunger (17) is pushed up with the right hand
to release the trip. Current will flow from the positive side of the line
through contacts (4 and 5), through the overload coil (6), through the
charging resistors (7) and (8), simultaneously through the two battery
banks (9 and 10), through the ampere-hour meter (11), and back to the
negative side of the line. If the supply voltage becomes excessive when
charging, the circuit breaker will trip, thereby preventing damage to the
storage batteries. Current will also flow through the contacts (14 and
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15) on the rear of the panel, through the limiting resistor (16), through
the underload coil (17) and back to the negative line.

When the batteries become fully charged the black needle on the
ampere-hour meter (11) will reach the vertical position, thereby short-
circuiting coil (17), releasing the iron plunger, causing it to trip the cir-
cuit breaker. A small amount of current will then flow through the
trickle charge lamps (12 and 13), keeping the battery on a very slow
(trickle) charge, otherwise the batteries will slowly discharge. To dis-
charge the battery the six-pole switch (24) is thrown to the right. This
connects both banks (9 and 10) in series, giving 120 volts. When the
batteries are on charge they are connected in parallel.
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A

Aerials (see Antennas)
Aeronautical radio range stations, 859
Aireraft radio installation, phantom view
of, 883
Airport radio telephoue and telegraph
transmitter, 871
Airway, 885
A.C. operated receivers, 418
Alternating current, 111-166
alternation of, 117, 283
capacity effect of, 122
choking effect of, 125
current square law, 145
cycle of, 116
effective current of, 144
effective value of, 144
effective voltage of, 144
free a-c., 591 ®
frequency of, 112, 117, 138, 142, 629
inductive reactance to, 124
impedance of, 148
lag and lead of, 116
ohmic resistance of, 125
parallel and series resonance in, 155
parallel problem in, 151
phase of, 119
power factor of, 126, 149
resistance in, 131
resonance of, 120, 150
root mean square (RMS) of, 147
self-induction in, 134
series problem in, 152
time period of, 117
watt power expended in, 147
zero angle lag of, 126
Ambient temperature compensation, 933
Ammeter, 106
antenna r.f. type of, 671
r.f. type of, 810
Amplification, 400
Anmplifier, 273
harmonic type of, 749
intermediate type of, 603
main power type of, 603
speech type of, 602, 942
Antennas, 538 to 566
anti-node of, 558
beverage type of 554
bi-lateral type of, 540
brush discharge of, 550

cage type of, 550
computing the fundamental wavelength
of, 548
condenser type of, 553
corona effect of, 550
directional type of, 863
fan type of, 546
feeder line to, 560
fixed type of, 880
fundamental wave of, 540
ground system of, 5563
harp type of, 546
heat loss of, 555
height of, 566
Hertz type of, 732, 736
inverted “ L’ flat top type of, 547
insulation test of, 545
loop type of, 822
measurement of inductance and capacity
of, by substitution method, 543
multiple tuned type of, 554
natural frequency of, 542
node of, 558
pole type of, 881
power of the radiated wave of, 556
radiation of, 554
ship type of, 551
short wave types of, 730
strut type of, 881
“T" type of, 547
trailing type of, 880
transmission line of, 950
tuning inductances of, 582
types of, for aircraft, 880
umbrella type of, 546
unilateral type of, 540
vertical type of, 881
wave type of, 554
Antenna changeover switch, 797
Antenna coupling and tuning unit, 918, 949,
967
Antenna series condenser, 296; 813
Antenna transfer switch, 812
Antenna tuning condenser, 296
Antenna tuning inductance, 295, 541
Anti-noise microphone, 879
Arc transmitters, 799 to 816
arc converter used with, 806, 808
back shunt method of signaling with, 801
chopper used with, 812
coupled compensation method of signal-
ing with, 802
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models “K” and “Q" types of, 804
motor-generator used with, 805
note-varying variometer used with, 813
relay key used with, 810
signaling with, 801
theory of operation of, 814
Armature, 70
drum-wound, 71
lamination, 72
lap-wound, 70
Atoms, 9, 203
Atmospheric absorption, 564
Audio-frequency amplifier, 199
Autodyne circuit, 768
Aviation radio (see Radio aviation)

B
Beacon stations, characteristic signals
transmitted by, 1025
Beacon receiver for aireraft, 885
Beacon station, 857
Beam transmission, 565, 756
Beat frequency, 199
Beat receiver, 358
Bellini-Tosi goniometer, 844
Bonding in aircraft, 880
Bound charge, 171
Broadcast transmitter,
tion of, 623
Broadcast transmitter, type 1-B, 1-kw., 908
antenna coupling for, 918
antenna coupling and tuning unit for, 949
component units of, 922
cooling system for, 921
frequency control of, 916
frequency range of, 908
general operating instructions for, 954
power supply for, 908
protective devices employed in, 917
schematic diagram of, 910
station maintenance of, 958
transmission line for, 950
vacuum tubes used in, 908
Broadcast transmitter, type 50-B, 50-kw.,
960
exciter-modulator unit for, 971
frequency range of, 960 ’
low power rectifier and automatic con-
trol unit of, 968
main power rectifier for, 984
operator's control unit for, 986
power control unit for, 985
protective devices for, 964
remote control speech input equipment
for, 1005
schematic diagram of, 962
speech input equipment for, 992
station power equipment for, 987
studio equipment for, 994
type of circuit for, 960
vacuum tubes used in, 960
5-kw. amplifier for, 975
50-kw. amplifier for, 977

popular descrip-

INDEX

C

Capacity, distributed, 557
Carrier current, 196
Carrier frequency, 633, 693
Cathode-heater tube, 425
Cells, dry, 20
Characteristics of receiving tubes, 1024
Characteristic signals of radio beacon
stations, 1025
Characteristics of transmitting tubes, 1018
Characteristics of variable mu and pentode
tubes, 1919
Charging panel, 90, 1003
Choke coils, 135, 384, 390, 507
grid r.f. type of, 672
plate r.f. type of, 672
Chopper, 803, 812
Colpitts oscillator, 642, 698
Commercial broadcast transmitters, 602-633
Commercial telegraph transmitters, 602-633
Commercial tube transmitters, 664-722
ET-3626 type of, 675
ET-3626-A type of, 682
ET-3626-B type of, 683
ET-3627 type of, 697
ET-3628 type of, 664, 1033
ET-3638 type of, 710
ET-3650 type of, 715
Commutation ripples, 503
Complete ship-board radio
1033
operation of, 1034
Condenser, antenna series type of, 543, 813
brush discharge of, 5§13
blocking type of, 735
breakdown voltage of, 729
bridging, 331
bypass type of, 260, 384, 672
capacity of, 167
charge and discharge analyzed, 178, 184
compressed air type of, 510
coupling of, 389
dielectric of, 167
dielectric absorption of, 513
dielectric constant, 184
dielectric hysteresis in, 513
electrolytic type of, 498
filter arrangement of, 507
fixed and variable types of, in combina-
tion, 191
grid excitation type of, 657, 671
grid input condenser, 657
grid use of, 266
high voltage type of, 509
Leyden jar type of, 509
losses in, 513
low voltage type of, 509
mica type of, 511
oil type of, 511
paper dielectric type, 512
parallel arrangement of, 186
plate blocking type, 671
protective, 63

installation,
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series arrangement of, 188
series type of, 543, 813
short wave type of, 728
stopping use, of, 266
trapping use of, 266
Conductance of a circuit, 25
Conduction current, 209, 347, 361
Conductors, 173
Constant current system of modulation,
618
Continuous waves (C.W.), 194
Cooling system for power tubes, 921, 943,
968
Counter electromotive force, 44
Counterpoise, 553
Coupling, auto transformer type of, 598
capacitive type of, 517, 599
close coupling, 315, 600
conductive coupling, 313, 638
critical, 472
direct capacitive, 518
direct inductive coupling, 313
effects of, 317
impedance type of, 622
inductive type of, 734, 741
loose coupling, 314, 601
magnetic type of, 517, 734, 741
resistance type of, 622
tight coupling, 600
transformer type of, 599, 622
Crystals, 305, 893, 932
oscillator, 893, 932, 972
quartz, 603
rectifier, 305
Crystal controlled transmitter, 741
Current flow, 111
Current square law, 145
Curve diagrams, logarithmic curve, 75
principle of, 74
sine curve, 77
straight line curve, 74

D
Damped oscillations, 304
Damping, 526, 783
excessive damping, 593
Damped waves, 779
Damped wave transmitters, 779
Decibel transmission unit, 1013
Deck insulator, 562
Decrement of damping, damping factor or
damping constant, 595, 797
Decremeter, Kolster type of, 596
Detection, condenser method of, 360
power method of, 255, 339
Detector, 307
self-heterodyning type of, 356
space charge type of, 809
Dielectric, 192
absorption loss in, 556
absorption of, 561
Dielectric constant of various gases, liquids
and solids, 1023
Direct current, pulsating, 114
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Direction finder, automatic compensator
used with, 826
Bellini-Tosi goniometer type of, 844
circuit of, 825
figure-of-eight diagram, 840
how ship’s bearing is obtained with, 823
important tests and maintenance of, 832
indicator used with, 827
line sense features and sense antenna of.
830
loop used with, 822
obtaining exact direction of distant send-
ing station with, 848
principle of unilateral bearing illustrated
with cardioid or figure-of-eight pat-
tern diagram, 849
RCA type of, 822
receiver amplifier system of, 828
single loop type of, 843
unidirectional characteristics of, 846
use of cardioid curve, 849
Discharger, non-synchronous type of, 793
quenched type of, 794
synchronous type of, 794
Discontinuous waves, 779
Displacement current, 213
Distributed capacity, 122, 128, 319, 557
Divided circuits, 23
Double beam directive type transmitter,
864
Dynamotor, 54, 898

E

Eddy currents, 73, 791
Edison storage batteries, 96-101
Electric motor, 41
Electrical prefixes, 21
Electricity by chemical action, 17
Electrodynamic loudspeaker, 452
pot magnet of, 456
Electrolytic rectifier, 735
Electrolyte, 86 .
Electromagnetic induction, 26, 27, 28, 129
Electromagnetic waves, analogy of wave
motion, 592
audio-frequency component of, 621
broad wave, 586
carrier frequency, 621
continuous waves, 590, 631
damped waves, 589
induction of, into receiving aerial, 634
propagation of, 723
pure wave, 584, 797
radio-frequency component of, 621
reflection, refraction and deflection of,

sharp wave, 584, 805

undamped waves, 590

velocity of, 541

wavelength formula of, 757
Electromagnetism, 12
Electromotive force, 16
Electrons, 9, 193

carrier of electricity, 207
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drift, 210 :

effect of heat upon, 206

emission of, 207

free, 111, 209, 491

loose, 209, 491
Electron theory, 9, 202
Electrostatic field, 169, 192, 519
Elimination of hum, 422
Emergency transmitter, 715
Emission current, 213
Engine-driven generator, 897
Exide storage batteries, 80-96
Ezxponential horn, 451
ET-3626 tube transmitter, 675
ET-3626-B tube transmitter, 683
ET-3626—A tube transmitter, 682
ET-3627 tube transmitter, 697
ET-3627-A tube transmitter, 701
ET-3628 tube transmitter, 664, 1033
ET-3638 tube transmitter, 710
ET-3650 tube transmitter, 715
ET-3653-A tube transmitter, 875
ET-3655 short wave transmitter, 773
ET-3656 short wave transmitter, 769

F

Fading, 562
Fairlead, 882
Federal arc transmitters, 799816
Feeder lines, 560
Feeder wires, 560
Field rheostats, 55
Figure-of-eight diagram, 840
Filter reactors, 135
Filter systems, 424, 487
“brute force’ type, 504
oscillograms of output of, 506
Fog signal stations of the U. S., chart of,
819
Four-electrode vacuum tube, 432
Frequency meter, 109, 569
Frequency versus wavelength, 1031, 1032
Frictional e ectricity, 17
Fusing effects of current on copper wire,
1024

G

Galvanometer, 105

Generator, 33
alternating current type of, 34, 38
armature of, 39
collector rings of, 39
compound wound type of, 47
determination of frequency of, 37
direct current type of, 34, 40
engine-driven type of, 897
field magnets of, 39
field rheostat of, 39, 45, 805

operation of, 35

series wound type of, 46
shunt wound type of, 45
strength of magnetic field of, 37
underlying principles of, 34
wind-driven type of, 897

INDEX

Goniometer (see Direction finder)
Grid leak, 268

Grid of vacuum tube, 216
Ground station for aviation, 905
Ground waves, 561

H
Harmonics, 559
Hartley oscillator, 638, 690, 724
Heaviside-Kennelly layer theory, 562, 723,
758
High Mu, 201
Heising system of modulation, 617
Helix, 30
Heterodyne, 199
Holding magnet, 62
Hot-wire ammeter, 108
Hum elimination, 422

I

Ignition shielding in airplanes, 880
Impedance, 525
Impedance coil, 127, 390
Inductance, aerial tuning type of, 671

antenna loading type of, 810

antenna tuning, 541

astatic winding, 301

bank winding of, 300

basket weave type of, 766

calculation of, 164

concentrated, 541

duo-lateral coil, 2909

flat layer solenoid type of, 766

formula for calculating, 163

honeycomb coil, 209

in parallel, 164

in series, 164

loading, 458, 671

Lorenze type of, 766

lumped, 541

mutual, 569, 583

plug-in type of, 767

primary type of, 671

r.f. coils, 301

solenoid type of, 766
Inductive reactance, 132
Insulators, 173

deck type of, 552
Intermediate frequency amplifier, 199
Intermediate frequency, 338, 376
Ions, 205, 209, 492
Ionization, 205, 209

principle of, 491
IP-501 receiver, 467
IP-501-A receiver, 470

K
Key relay, 704, 798, 810

Kilo, 21

Kolster decremeter, 596

L
Laminations, 402
Laws of charged bodies, 169
Laws of induction, 132



INDEX

Lead cell storage battery, 80-90
Lead sulphate, 81
Left-hand rule for determining the direction
of rotation of a motor armature, 43
Left-hand rule to find direction of rotation
of a d-¢. motor, 72
Lenz’'s law, 29
Linear power amplifier, 1007
Lines of force, residual, 46
Loading inductance, 296, 810
Lodestone, 5
Logarithmic decrement, 591
Logarithmic decrement of damping, damp-~
ing factor or damping constant, 591
measurement of, 588
Loudspeaker, 447
electrodynamic type of . 452

M
Magnets, 5 .
attraction and repulsion of, 15
permanent, 11
temporary, 11
Magnet wire, dimensions, lengths and re-
sistances of cotton enameled type
of, 1021
dimensions, lengths and resistances of
silk-covered type of, 1022
Magnetic, attraction, 5
coercive force, 12
coercivity, 12
density, 7
field, 6
flux, 12, 132
induction, 8, 10
Magnetic, lines of force, 6
permeability, 12
reluctivity, 12
remanence, 12
retentivity, 12
saturation, 10
strain, 132
Magnet ¢ pick-up, 456
Magnetism, 5
law of, 7
residual, 46
Magnetomotive force, 439
Master oscillator, 603, 630, 873
Meissner oscillator, 637 .
Mercury-vapor rectifiers, 967
Meters, ammeter, 106
frequency meter, 109
galvanometer, 105
hot-wire ammeter, 108, 570
thermo-couple type of, 570
voltmeter, 105
wattmeter, 107
Metric system, 1024
Microphone, 605, 608, 994
anti-noise type of, 879
carbon type of, 610
condenser type of, 610, 894, 994
double hutton type of, 613
magnetic type of, 610
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Midget receiver, 420
Modulated continuous wave, 196
Modulated oscillator, 661
Modulation, 632, 919, 967
depth of, 622
percentage of, 623, 1012
tone, 693
Modulator, 196, 278, 936, 973
Modulator exciter, 928
Molecules, 8, 202
Monitoring rectifier, 948
Motor, 33, 41
chopper type of, 709
with differential winding, 48
Motor-generators, 49
care of, 65
Crocker—Wheeler type of, 52
General Electric type of, 51
Holtzer—Cabot type of, 53
Motor starter, hand, 56
automatic, 57
Mutual inductance, 320, 569
Mutual induction, 28

N

Neutralizing, 409, 647, 750, 1011

Neon tube, 737 )
Non-synchronous spark discharger, 793
Normal atom, 204

0

Ohm's Law for glternating current, 140
Ohm's Law for direct current, 21
Oscillating cireuits, methods of coupling,
651
Oscillation period, 567
Oscillator, 193, 279, 345, 605
Colpitts type of, 642
Hartley type of, 638
Meissner type of, 637
quartz crystal controlled type of, 744
series feed type of, 726
~shunt feed type of, 724
tuned-grid tuned-plate circuit of, 644
tuned-plate circuit of, 643
Oscillograph, 527

P

Parasitic oscillations, 690
Parallel and series resonance, 155
Pentode tube, 430
Percentage of modulation, 623, 1012
Phonograph pick-up, 456
Piezoelectric, 608, 745

control of, 636
Plain aerial spark discharger, 576
Plate reactor, 390
Plate rectification, 255, 339
Pointer-type course indicator, 866
Polarized cell, 18

means of preventing polarization, 19
Positive ion, 209
Power factor, 157
Power metering, 988
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Potential, 175

Potentiometer, 309

Propagation of radio waves, 293

Protective condensers, 63

Pulsating current, a-c. and d-c. component
of, 654

Pure wave, 584, 797

P-8 spark transmitter, 785

Q

Quartz crystal, 288, 603, 607, 747
care of, 748
harmonics of, 749

Quenched spark discharger, 794

R

Radiation, 554
Radio aviation, 855-907
aeronautical radio range stations, 859
airport radio telephone and telephone
transmitter, 871
airway, 855
antennas used with, 880
beacon station, 857
communication receiver for, 891
double-beam directive type transmitter
for, 864
ET-3653—-A transmitter for, 875
ground station for, 905
phantom view of typical plane installa-
tion, 883
radio range, 855
radio range beacon, 858
radio range station, 857
radio range transmitter, 870
remote control for, 902
telephone and telegraph transmitter for,
871
Radio compass (see Direction finder)
Radio field intensity, 565
Radio-frequency power amplifier, 935, 972
Radio pelorus (see Direction finder)
Radid position finder (see Direction finder)
Radio range, 855
Radio range beacon system, 858
Radio range station, 857
Radio runge transmitter, 870
Reactor, 127, 135
iron core plate type of, 605
modulation plate type of, 605
Receivers, aperiodic, 405
autodyne, 340
beacon type of, 885
broad and sharp tuning, 413
capacitively coupled, 332
chopper, 336
communication type of, for aircraft, 891
8-tube super-heterodyne, 371, 418
electrostatically coupled, 332
feed-back action of, 348
five-tube tuned r.f. receiver employing
regeneration, 407

INDEX

heterodyne receiver with external oscile
Iator, 364
homodyne, 340
inductively coupled, 461
inductive feed-back, 341
IP-501 type of, 457, 939
IP-501-A type, 470
midget type, 420
neutralizing procedure, 410
reflux action in, 366
regenerative, 333
regenerative amplification, 377
regenerative beat Treceiver using grid
detector method of detection, 344
selectivity of, 414
self-heterodyne, 340
sensitivity of, 414
short wave types of, 760, 892, 899
gsix~-tube tuned r.f. receiver single dial
control, 404
super-heterodyne, 333, 418
super-heterodyne with second harmonic
oscillator, 366
three circuit tuner, 385
tikker, 336
tuning elements of, 297
tuned r.f. regenerative, 333
zero beat, 340
106-D type, 473
Rectification, full wave, 423, 493
half-wave, 424
plate method of, 255, 339
Rectifiers, electrolytic type of, 735
dry metal type, 498
full wave type, 423, 735
gaseous tube type, 490
half-wave type, 424
hot-cathode type, 489
monitoring type of, 948
single phase full wave type of, 659
theory of, 485
thermionic type of, 744
tungar Type, 493
Reed converter, 867
Reed indicator, 868
Regenerative amplification, 377, 465
Relation of natural wavelength, frequency
and inductance, capacity product in
condenser circuits, 1026
Relay key, 704, 798, 810
Remote control for aireraft, 902
Remote control.speech input equipment,
1005
Resistance, grid leak type of, 672
Residual magnetism, 46
Residual lines of force, 46
Resistor, 126
Resonance, electrical, 120, 572
plotting a resonance curve, 584
resonance curve, 588
Right-hand rule to find direction of induced
em.f. in generator arrhature, 72
Rotary converters, 54
for filament supply, 672
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S
Saturation point, 399
Screen grid vacuum tube, 426, 908
Self-heterodyning, 351
Self-heterodyning detector, 344
Self-inductance, 128
Self-induction, 134
Series-parallel circuit, 24
Sharp wave, 584, 797
Shield grid vacuum tube, 426, 908
Short wave adapter, 778
Short wave condenser, 296
Short wave transmission and reception,
723, 892
Sine wave, relation to 2 xf, 141
Single circuit tuner, 313
Solenoid, 30
Skip distance effect, 562, 758
Sky waves, 561
skipped distance effect of, 724
Space charge, 213, 346, 360, 899
Spark discharge, analysis of, 781
principles of, 780
Spark frequency, 308
Spark gap, non-synchronous type of, 793
synchronous type of, 794
quenched type of, 794
Spark transmitters, 779-798
P-8 type of, 785
relay key used with, 798
tuning of, 787
Speech amplifier, 602, 942
Standard time chart, 1017
Stand-by adjustment, 329
Static charge, 192
Static electricity, 17
Static voltmeter, 176
Storage batteries, active material in, 81
assembly of Edison type, 97
capacity of, 87
care’ and operation of Exide lead-acid
types, 95
care of Edison type, 99
charging Edison type, 98
charging of, 88
charging panel for, 90, 1003
chloride type, 85
construction of Edison type, 96
Edison type, 96
electrolyte of, 86
fundamental aetion of, 80
general construction of Exide type, 82
ironclad type, 84
lead cell type, 81
reaction of charge and discharge in
Edison type, 99
apecific gravity of, 86
types of, 80
Super-heterodyne receiver, 366

T

Telephone receivers, 437
ampere-turns of, 439
balanced armature type of, 442
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Tickler coil, 342, 378, 464, 469, 479
Time chart of the world, 1017
Transformers, audio-frequency type of, 398
air core type, 788
closed core power type of, 791
filament heating type of, 672
hysteresis in, 501, 791
intermediate frequency type of, 397
open core power type of, 792
power type for plate potential, 672
radio-frequency type of, 394
ratio of the transformation of power in,
793
step-down type of, 32
step-up type of, 32
Transient phenomenon, 530
Transmission range, 561
Transmission unit, 1013
Transmitters, elementary function of, 303
Tone modulation, 693
Trigonometric functions, 1020
Triode valve, 215
Tripping magnet, 62
Tuned circuit, 524
Tungar rectifier, 101
charging principle, 103
tungar bulb, 101
Tuning, 523, 631, 673
fine type of, 582
rough type of, 582
two-spot, 357
Two-electrode vacuum tube, 201

U

Units of electricity, 20
Ampere, 20, 111, 131
Coulomb, 20, 111
Farad, 21, 184
Henry, 20, 135
Joule, 21
Meg, 21
Mho, 25, 290
Microfarad, 185
Micromho, 290
Millihenry, 21
Ohm, 20, 131
Picafarad, 185
Volt, 20
Watt, 21

Unilateral bearing, 849

Untuned circuit, 524

v

Vacuum tubes, a-c. component of, 222
a-c. filament type, 421, 425
a-c. types of, 422
amplification factor- of, 289
amplifier use, 273
as a voltmeter, 291
audio detector, 200
audio-frequency amplifier, 199
biasing the grid, 246

cathode-heater type, 228, 425
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characteristics of receiving types of, 1024

characteristics of transmitting types of,
1018

characteristic of variable mu and pentode
tubes, 1019

detector, 198, 248

d-c. component of, 222

filament circuit of, 226

filament heating of, 227

first detector, 200

five-electrode type of, 430

four-electrode type of, 426

gases in, 492

gas effect in, 230

grid circuit of, 226

grid condenser, 266

grid conduction current, 268

grid current in, 224

grid of, 216

grid leak, 268

grid leak, grid condenser method of
detection, 261

grid-voltage versus plate-current char-
acteristic curves, experiment, 240

hard type of, 214, 230

in parallel, 655

in push-pull, 771

intermediate frequency amplifier, 199

intermediate power amplifiers, 631

master oscillator, 603

measurement of characteristics, 288

modulator, 195

modulator tubes, 605, 936, 973

mutual conductanece of, 289

one way conduction in, 214

oscillator, 193, 279

parallel connection of, 669

pentode type of, 430

plate action in, 233

plate and filament action in, 233

plate circuit of, 226

point of saturation, 231

power amplifier, 194

power amplifier types of, 622

power tubes, 281

push-pull arrangement of, 199

radio-frequency amplifiers, 198

reactivation of, 232

rectifier tubes, 423

rectifier, 306

saturation point of, 233

-second detector, 200

INDEX

screen-grid types of, 426, 908
shield grid type of, 426, 908
short wave type of, 740
soft type of, 214
space charge in, 231
straight amplifier, 278
super-control screen-grid type of, 434
two electrode type of, 201, 214
three electrode type, 215
used as oscillators, 605
vacuum of, 230
variable mu type of, 419, 434
voltage regulator type, 501
Vacuum tube coupling, 386
impedance coupling, 390
push-pull, 386
resistance coupling, 386
cascade coupling, 386
transformer coupling, 392
Variable mu tube, 419, 434
Variometer, 302
Variometer, note-varying type of, 813
Variocoupler, 315
Vector diagrams, 148, 150
the reference vector, 148
Visual beacon indicator, 862
Voltage divider, 487
Voltaic cell, 18
Voltmeter, 105
Volume control, 404

w

Water rheostat, 69
Wattmeter, 107
Wave-changer switch, 673
Wavelength versus frequency, 1031, 1032
Wavemeter, 569
exploring coil of, 569
for tuning a transmitter, 581
types of, 575
uses of, 576
Wave trap, 415
Western Electric aviation apparatus, 894,
906
‘Wheatstone bridge, 571
Wind-driven generator, 897

1-B 1-kw. broadeast transmitter, 908
50-B 50-kw. broadcast transmitter, 960
106-D receiver, 473

operation of, 480



