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LTHOUGH most of us are more or less
familiar with the generalities of design
of modern amateur znd commereial
radio transmitters, few of us realize

that the amateur and commereial fields have so
much in common and that the present trend in
amateur technical development is paralleling
closely the progress in commercial design and
practice. Attainment of that frequency stabilityy

broadeast transmitter is rated in kilowatts while
the amateur is restricted to watts, the modern
high-power broadcast transmitter contains nu-
merous features of design which can be applied
profitably in amateur practice. QN7 presents
WTIC's new 50-kw. transmitter, therefore, not
only because it marks a milestone in modern
radio development but also because it contains
so many features whose application can be of

THE 50-KW. TRANSMITTER AT WTIC

Everything is within view of the operalor The transmilier proper comprises the panels forming the left side of
the righi-angle. The rectifier and power-conirol panel are on the right. The panel at the extreme left carries the
U X-806 reciifier units for the crystal-oscillator-amplifier, bufler amplifier, madulated amplifier and modulator
on the panel at its right, The 5-kw. amplifier ix al the lefl of the open gate and the 50-kiw, stage is of its right. The
box on the operator's desk contains the push-button control for the enhire transmilter.

maximum distortionless modulation, and reliable
transmission considered desirable in amateur
radio of today, becomes an absolute necessity in
gontemporaneous highly-competitive commercial
broadeasting. It is not surprising, therefore, to
find that the modern commercial transmitter not
only contains those features which characterize
modern amateur transmitter design but in addi-
tion utilizes them to a much greater degree in
obtaining that type of performance which we
amateurs are finding desirable and whieh broad-
casters are finding necessary. Although the mod-
érn commercial designer considers frequency
shift -in terms of tens-of-cycles-per-second while
the amateur thinks in hundreds, and the modern

inestimable value to the further development of
amateur transmitter technique.

WTIC'S LOCATION

When one goes about choosing the site for a
radio station representing the investment of
some hundreds of thousands of dollars, he does
not pick the first likely looking spot he comes
upon and build his station there. Few indeed are
the amateurs who have even the opportunity of
choosing the location of their station, let alone
determining whether or not it is the W ill-o’-the-
Wisp “‘good location " dreamed of. In the selec-
tion of the site for WTIC's transmitter lcky
chance in choosing a loeation was not resorted to.
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At the direction of the station owners, the
Travelers Broadcasting Serviee a subsidiary of
the Travelers Insurance Company engincering
survevs were made on every suitable appearing
piece of ground in the viemnity of Hartford, These
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and straightforward. There are no triek eircuits
or principles unknown to amateur radio involved.
It exemplifies the finest American radio engineer-
ing ability in its most practical form.

It must be confessed that 50,000 watts out-
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surveyvs were made by the station’s engineers
and mvolved not only field strength measure-
ments on a truck-mounted 500-watt portable
transmitter but also actual measurcments of the
fall-of-potential through the ground on the sites
considered. After hundreds of measurements had
been made on a score of properties, the data
were compiled and several locations were found
suitable. Of these, the one atop Taleott Moun-
tain, a few miles northwestward of Hartford,
was not only found suitable but also available
and there the new station was built. WTIC,
therefore, may be said to have a *“good location.”
The center of its antenna is at latitude 41° 46
d4.6317 N. and longitude 72° 48' 19958 W,
The two 200-foot steel towers, 400 fect apart, are
on & line running 8. 788" 33" W, and are painted
in accordance with the aeronautical regulations
of the Department of Commerce. Brainard Field
and WIMK are eight miles distant on a compass
course 8. 60.25° 1., from the eenter-point of the
antenna. Flying amateurs who may be “avigat-
ing” in the vieinity of Hartford should make
good use of this information,

THE TRANSMITTER

This 50,000-watt transmitter is truly the *last
word " in modern design. 1t is the first high-power
commercial transmitter to use 100-kw. tubes:
the first to use mercury-vapor-type rectifiers
throughout ; the first eapable of 100-pereent un-
distorted modulation of its full rated 50-kw.
carrier output. It emplovs sereen-grid transmit-
ting tubes where they are applicable. It holds to
its assigned frequency to within better than 50
parts in a million and has an audio-frequency
charactenistic “flat” from 30 to 10,000 cycles,
The design and construction is, withal, simple
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put " has a formidable sound and the amateur
in expectation of viewing for the first time a
transmitter of such rating is likely to find himself
prematurely overnwed. Surprisingly enough, his
actual sensation is quite other than that of awe,
for a hurried glanee along the panels picks out
UX-866's in profusion and a 75-watt UX-860 in
the company of a trio of UV-849's. Inquiry re-
veals that there ix a UX-210 and a pair of UV-
865’8 in the ervstal oseillator-amplifier unit and a
glance behind the panels shows a pair of Cardwell
transmitting condensers, edge-wise and flat-
wound ecopper strip inductances, and other
familiar adjuncts of ham radio. The big trans-
mitter becomes less formidable ag further ex-
amination introduces additional familiar features
and more old friends of amateur radio are found
contributing their share toward the ultimate 50
kilowatts of output. The amateur begins to feei
at home. Why, this might be just a glorified ham
transmitter! It may not be such a mystery as one
at first supposed. And, true enough, it isn't.

Fig. 1 shows the tube arrangement of the entire
transmitter in block-diagram form, Starting with
a few watts of output from the ervstal-controlled
UX-210 oscillator, progressing up through the
Class-C' UN-849 modulated amplifier and finally
the 50-kw. linear amplifier, a 50,000-watt carrier
(with 200,000 watts of peak power) is delivered
to the antenna system.

THE FREQUENCY CONTROL AND PRIMARY
EXCITATION UNIT
The frequency-control unit consists of not only
the erystal oscillator with its associated “oven”
and temperature-control equipment but also a
two-stage screen-grid amplifier. The erystal,
mounted in the oven, is not of itself calibrated
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as of such a frequency at a given temperature but
the calibration is for the unit as a whole, amplifier
included. This in itself is an unusual feature and
not in accordance with general practice. The
practicability of the arrangement is obvious,
however, since the units are in duplicate and in
event of failure of one unit due to fracture of the
erystal or anything else destroying the accuracy
of ealibration, the other can be immediately
switched in its place and the defective unit
shipped back to the laboratery for repair and
recalibration. By this practice there is no chance
of the frequency of a erystal as specified by the
laboratory being affected by association with
cireuits or loads at variance with those for which
it was calibrated. While such precautions as to
frequency calibration and maintenance are by no
means necessary in amateur radio, they are of
prime importance in services requiring close
adherence of assigned frequencies.

The erystal mounting also is unusual, al-
though here again sheer practicality is evidenced.
Extremely accurate temperature control has
been found difficult in actual service, and methods
of minimizing frequeney shift with change in
temperature have been found valuable as ad-
junets to temperature control. The mounting of

THE CRYSTAL-OSCILLATOR-AMPLIFIER WITH

ITS OUTER SHIELD REMOVED

Two of these unila are used in the fransmudler. The small
panel projecting from the front has mounted on it the thermao-
regulator adjustment and thermomeler for (ndicabing the oven
temperature. The oven is immediately behind this pane.

the erystal plays an important part in maintain-
ing constant frequency with slight variations in
temperature and the mounting used in this trans-
mitter is such that a comparatively coarse con-
trol of temperature is accompanied by negligible
frequency drift. The mounting is of the air-gap
type, the gap being determined by quartz spacers
between the upper and lower plates. The gap is
maintained constant by virtue of the identical
temperature co-efficient of expansion possessed
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by both the oscillating crystal and the quartz
spacers. The spacers are thicker than the crystal
by the length of the air-gap. Fig. 2 illustrates the
prineiple of the mounting used. In an actual test
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extending over a considerable period, the fre-
quency of the transmitter did not vary in excess
of 20 cycles from the assigned frequency. The 20-
eyele shift oceurred during the first hour, after
which zero beat was maintained for the remaining
hours of the test. The temperature of the oven
varied over a range of approximatcly 1.8° (C.)
during the run.

The oven is of comparatively simple construe-
tion and comprises several outer walls of heat-
insulating material with an inner compartment
of aluminum. Within this compartment are
mounted the erystal holder, the element of the
thermoregulator whose adjustment is mounted on
the front panel, the bulb of the thermometer, and
the heater unit. The oven, in turn, is contained
in the shield housing the oscillator and its asso-
ciated amplifier.

The oscillator tube is a UX-210 with 180 volts
on its plate and employs grid-leak bias. The
erystal is connected between the grid and filament
and the plate tank is tuned to the frequency of the
erystal, 1060 ke., by a variable condenser. The
output of the crystal oscillator is eapacitively
coupled to the eontrol grid of the first of the two
succeeding stages of screen-grid amplification.
These amplifiers each use one UNX-865, 7 Log-watt
screen-grid tube with 500 volts on its plate, and
grid-leak bias. Screen-grid voltage is obtained
from the plate supply through suitable resistors.
The plate power for the whole unit is obtained
from a UN-866 mercury-vapor rectifier and filter
unit mounted on the panel at the left of that on
which the crystal-oscillator-amplifier is mounted.
The input to the second amplifier is capacitively
coupled to the plate tank of the first amplifier;
both plate tanks are tuned by means of variable
condensers. The ecrystal-oscillator-amplifier unit
is the only completely shielded section of the
whole transmitter; a decidedly interesting [eature.
The ovens of both units are heated from the
house-lighting eircuit and are left running con-
tinuously to insure constancy of temperature.
Immediately below the two units are the switches
for throwing either into service.
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BUFFER AMFPLIFIER, MODULATED AMPLIFIER
AND MODULATOR

The output of the second screen-grid amplifier
is capacitively coupled to the control-grid of the
UX-860, 75-watt sereen-grid buffer-amplifier
which is mounted in the eompartment above
the erystal-oscillator-amplifier units. Exeitation
is sufficient to cause this tube to draw 250 watts
from the plate supply at a plate voltage of 3000.
It is nearly biased to cut-off, bias voltage being

THE UX-566 RECTIFIER

obtained from the station grid-bias generator.
Sereen-grid voltage of 750 volts is obtained from
the plate supply through a suitable resistor. The
plate supply for the buffer-amplifier, as well as
for the UV-849 modulators and modulated am-
plifier, is obtained from the three-phase series
rectifier using six 'X-866 tubes mounted on the
left end panel. The plate tank inductance is of
copper ribbon wound on a hard-wood strip form
and is tuned by a 7200-volt Cardwell transmitting
condenser.

The buffer-amplifier must furnish a healthy
kick to the grid circuit of the modulated Class-C
amplifier to supply the grid losses and insure grid
saturation. The U'X-860, capacitively coupled to
the grid ecireuit of the Class-C, UV-849 modu-
lated amplifier, does this without difficulty.
Plate input to the UV-849 is 300 watts at 2000
volts with the grid biased well beyond cut-off.
Plate current is supplied to the modulated ampli-
fier and two UV-849 modulator tubes through a
common modulation choke; plate voltage on the
modulator tubes is 3000 and this is dropped to
2000 for the modulated amplifier through a suit-
able resistor which 1s by-passed by a large fixed
condenser. This arrangement is essential tc the
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realization of 1009, modulation and has been
deseribed previously in QS7. The Class-C am-
plifier is neutralized to prevent self-excited
oscillation. Its plate tank is similar to that of the
buffer-amplifier; a copper-strip inductance tuned
by a Cardwell transmitting condenser.

Two UV-849 tubes in parallel are used in the
modulator. At first consideration the use of two
tubes may seem unnecessary, but their desirabil-
ity becomes apparent when the ratings and
characteristies of the UV-849 are consulted. The

MODULATOR AND 5-KW. LINEAR AMPLIFIER UNITS

load resistance of the modulator is the plate
resistance of the modulated amplifier and the
conditions for maximum output are satisfied
when the load resistance is twice the plate resist-
ance. The plate resistance of the two modulator
tubes in paralle]l is practically half the plate re-
sistance of the single amplifier. Maximum modu-
lator output, therefore, should be obtainable.
Moreover, the use of two tubes in the modulator
makes possible complete modulation of the
Class-C amplifier output without overloading
the modulator tubes. The plate input to each
modulator tube is 100 milliamperes at 3000 volts,
a total input of 600 watts. Their grids are biased
so that they operate on the linear portion of their
characteristic. Sufficient grid-swing is possible
to vary the modulated amplifier plate potential
between zero and twice the operating voltage
without noticeable distortion. Non-inductive re-
sistors are connected in the modulator grid leads
to prevent oscillation at ultra-high radio fre-
quencies. Negative grid-bias voltage is obtained
from the bias generator.

Grid input to the modulator is from a two-
stage speech amplifier consisting of two resistance-
coupled UV-203-A tubes. This amplifier is at the
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bottom of the modulator panel. Its input con.es
from the station control-room amplifier which,
i turn, is fed by the studio control ampliter at
the Travelers' Grove Street building in Hartford.
The speech amplitier and modulator system is,
to say the least, effective. A *20-db.-down”
(0.01-milliwatt ) speech amplifier input signal is
sufficient to give 1009, modulation of the 50-kw.
transmitter output.

THE J>-KW. LINEAR AMPLIFIER

The modulated output of the UV-R49 excites
the first linear amplifier which uses two UV-S63,
10-kw. water-cooled tubes in push-pull. Plate
power for these tubes is furnished by the 350-kw.
20,000-volt three-phase series mercury-vapor
rectifier. The output voltage of the rectifier is
dropped to 15,000 for this stage, by resistors.
Plate current to both tubes is 1 ampere; total
plate input is 15 kw. Filament power is supplied
by direct-current generator; the filament voltage
is 22 and the current to each tube is 52 amperes.
Negative grid bias of 320 volts is supplied from

A PEEK AT THE REAR OF THE 5-KW

STAGE

The plate 1nductance and the grid coupling conl for the 50-kw
stage inpul are on the second deck fram the bottom. The toaster-
like appearing rig on the third deck 12 the Ohm-spun grid-shunt
resistor. One of the newtralining condensers may be seen just
in frond of the plate inductance, Part of the rubber tulnng cod
Sfor cooling waler ix rinble below the frrat deck,

the bias generator and is fed to the grids from a
center-tap on the grid tank inductance.

The grid eircuit of this stage is induetively
coupled to the plate eircuit of the modulated
amplifier. The grid coupling eoil is connected by
a short feed-line to a high-C' tank circuit to which
the grid leads are, in turn, connected. Across this
grid tank and the grids, is connected an Ohm-
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spun resistor. The eireuit is the same as that
shown in the deseription of the linear amplifier
of the ‘phone transmitter in the April, 1929, issue
of QST. Grid exeitation is econtrolled by varying
the coupling to the modulated amplifier plate

coil and by regulating the resistance of the Ohm-
spun unit,

The plate capacitance of the tubes is neutral-
ized by a pair of high-voltage three-plate variable
condensers *‘eross-connected ' between grid and
plate, plate and grid, of the respective tubes. In
neutralizing the amplifier, a low-reading thermo-
couple ammeter is connected in the tank eircuit
and, with excitation reduced and plate voltage
off, the neutralizing condensers are adjusted for
minimum current in the plate tank. The plate
induetance is similar in econstruction to the in-
ductances of the lower stages. It consists of cop-
per edgewise-wound ribben on a wood-strip form.
High-voltage fixed condensers connected across
this inductance tune it approximately to reso-
nance while fine tuning is accomplished by means
of a rotatable aluminum ring mounted in the
plane of the coil turns at the center of the indue-
tance. This ring is referred to as the *flipper.”
It is rotated by an insulating shaft terminating
in a knob on the panel front. With this adjust-
ment, tuning over a range of approximately ten
kilocycles is possible. This scheme for fine ad-
justment is used in all tuned ecircuits of the trans-
mitter not equipped with variable condensers.
It should have many applications in amateur
transmitters and no doubt an adaptation of the
idea would be applicable to receiver tuning as
well. At amateur frequencies, the possible fre-
quency variation would be considerably greater
than at the lower broadeasting frequencies be-
cause the change in distributed capacity and in-
cutance of the coil would be affected in greater
proportion. Perhaps the amateur transmitters
and receivers of the future may be visualized as
aggregations of fixed condensers and coils tuned
by a variety of aluminum rings or dises. While the
idea may not be new, its practicality is given
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weight by the faet that it finds its way into the
most modern equipment. The grid tank coil is
similarly tuned by an aluminum disc.

Proper excitation of the 5-kw. linear amplifier
is obtained by varving the coupling to the modu-

THE 50-KW. LINEAR AMPLIPIER WITH THE

FRONT-DOORS OPEN
The 100-kw. tube is obriously " man-rize'"

Silament reals.

lated amplifier plate inductance and adjusting
the grid-shunt resistor until the amplifier carrier
output is 5-kw. With earrier power output of this
value, 8 maximum undistorted power output of
20 kw. is possible on the modulation peaks. The
excitation adjustment is both eritical and im-
portant. Distortionless performance on the part
of the linear amplifier is impossible unless it is
correct. A detailed explanation of the method
of adjusting the excitation of the linear amplifier
of an amateur 'phone transmitter is given in the
April, 1929, issue of QST

THE H)-KW. OUTPUT LINEAR AMPLIFIER

A 50,000-watt radio frequency linear power
amplifier is most decidedly an innovation in the
art of radio telephony and has been made a
practical actuality as a result of the perfection of
the 100-kw. tube. The designation of the rating
of the amplifier might well be 200 kw., for its
power output on the modulation peaks has this
value. T'wo UV-862, 100-kw. water-cooled tubes
in a push-pull eircuit do the work.

Of all the interesting features of this amplifier,
the U'V-862 is undoubtedly the most interesting.
To one accustomed to lesser tubes its ratings are
almost staggering. Filament current is 207 am-
peres at a filament voltage of 33. Almost 14 kw.
of power is required for heating the filaments of

Nole how the lefi-hand jube
sockel in Wpped forward to facilitate insertion af the UV-862. The b ng
running o the lop of the tubes i for avr-blast cooling of the plass grid and
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the two tubes; enough power to operate a goodly
number of ham transmitters. The plate voltage is
i8,000 and seems quite reasonable. But the
plate current is around 5 amperes per tube;
10,000 milliamperes plate current for a single
push-pull amplifier almost numbs the
amateur imagination. (Grid bias for
Class B operation is 320 volts, a com-
paratively low value since the tubes
have a high amplification factor. Two
kilowatts of actual grid excitation are
required for the full 50-kw. power out-
put of the amplifier. When the mind
has become accustomed to such values,
the good old 75-watter seems to shrink
to the proportions of a 199,

The heat generated by the filament
and plate power consumed is consider-
able to say the least, and it is obvious
that an effective means for rapid
cooling of the tube elements must be
provided. The heat dissipated by the
filament alone would be sufficient to
wreek a tube in short order if no means,
other than air, were available for cool-
ing. Such catastrophe is made remote
by the effective water-cooling system
incorporated as an auxiliary to the
transmitter and will be deseribed in
detail later.

The circuit arrangement of the
50-kw. amplifier is the same as that of
the preceding stage. Its tuning and ex-
citation adjustments are identical with those
of the 5-kw. amplifier. lts components differ
considerably from those of the preceding stage,

SIX MERCURY-VAPOR TYPE TUBES ARE USED
IN THE 350-KW. RECTIFIER
Ths is the first rectifier of its type ever used in a cammereial
slation,

however, and details of their construction may
be of interest.

The plate inductance is made up of flat-wound
copper strip on notched glass bars fastened to a
form of wood ribs and is quite similar in construe-
tion to the edge-wise wound inductance of the
preceding stage. Proponents of both flat and edge-
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wise wound coils should be satisfied with the
practice in this transmitter, for the two types are
found in equal proportions. The plate tank con-
denser is mounted immediately above the indue-
tance and is in two sections, one on each side.

Iiach section consists of a series of slightly dished
aluminum dises. The dises are about 30 inches in
Jiameter and are each equipped with three pro-
jeeting lugs spaced 120 degrees apart around the
eircumference for mounting. The plates are fixed
on pipe supports which, in turn, are fastened to
the frame of the transmitter by insulating pillars.
The supports are spaced 60 degrees apart and al-
ternate plates are mounted on and connected to
each set of three pipes. The two sections of the
condenser are in series across the plate indue-
tance. Kach pair of plates has a capacitance of
approximately 75 upfd., the total capacity of the
condenser being 750 wufd. The tank capacitance
is varied by the addition or removal of plates and
adjustment of the spacing between them. This
type of air-diclectric condenser construction has
practical application in amateur transmitters;
the plates might be aluminum “pie-plates’’ or
dises cut from sheet aluminum and the supports
could be threaded rods. Sufficient capaecity varia-
tion for tuning purposes could be obtained by
mounting one end plate on a serew rotated by a
knob or small erank. Fine tuning adjustment of
the plate cireuit is by means of an aluminum dise
“flipper " inside the inductance, operated from
the panel.

I'he neutralizing condensers for this stage are
most unique. An aluminum dise supported by a
large threaded serew and similar to those used in
the tank condenser, but without mounting lugs,
is capacitively coupled to the front end plate of
each section of the tank condenser. The spacing
between these plates and the end plates of the
tank econdenser is variable, the rotation of the
screws moving the plates toward or away from
the stationary plates. The movable plates are
connected to the respective grids of the U'V-862
tubes. The neutralizing circuit is identieal with
that of the 5-kw. stage.

As in the preceding stage, excitation is con-
trolled by input coupling and adjustment of the
grid-shunt resistor. Sinee the output of the pre-
ceding stage is 5 kw. and but 2 kw. are required
for proper excitation, it is obvious that the grid-
shunt resistor is called upon to dissipate a con-
siderable amount of power. While the dissipation
of 3 kw. in a resistor may seem to he a wanton
waste of good power, it is essential to linear am-
plification. Good grid-regulation is absolutely
necessary and it ean be obtained only by making
the input resistance of the grid eirenit compara-
tively low and supplying sufficient power, in ex-
cess of that dissipated in the resistor, to insure
“grid saturation.”
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THE ANTENNA SYSTEM
Although the construction of a directive an-
tenna system has been considered, that in use at
present is of the "1 type, operated against
ground and fed by a two-wire transmission line.
The schematic plan of the antenna and feed-line
is shown in Fig. 3. The input to the transmission

BEHIND THE 100-KW. TURES

Oine section af the massive platedank condenser dorminales

the pieture. Below it 15 the plate inductance and feeder-input
coupling esil. A vl of tubing for couling water may be seen

below the inductance.

line is induetively eoupled to the plate coil of the
50-kw. amplifier. The output terminal equipn.ent
is such that the surge impedance of the line is
matched to the antenna resistance. The antenna
resistance is 65 ohms and the natural frequency is
1140 ke, (380 meters). The value of radio fre-
quency current at the base of the antenna is 27.8
amperes at normal carrier power output.

The ground system consists of 200 feet lengths
of heavy bare copper wire buried in shallow
trenches radiating from a point immediately
below the center of the antenna. All wires are
connected to a large copper sheet beneath the
tuning house. The line terminal equipment and
antenna ammeter are in the tuning house.

The possibility of even harmonic radiation is
eliminated by the use of the antenna-and-ground
combination and also by making the line terminal
ecireuit high-C with a ground at the nodal point.

PLATE, FILAMENT AND GRID HIAS BUPPLY

Plate supply for the tubes preceding the Uv-
861 stage is obtained from rectifier units using the
UN-866 type rectifier tubes and that for the UV-
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863 and UV-862 tubes is supplied by the 350-kw.
unit employing six [/V-857 mercury-vapor type
rectifiers in a three-phase ‘‘series’' circuit. This
rectifier is the first of its type to be used in a
commercial installation. The UV-857 is the
jumbe version of the familiar UX-866 and has a
peak inverse voltage rating of 20,000 and a peak
current rating of 20 amperes. The d.c. output
voltage is normally 18,000 and is varied by means
of a motor-operated voltage regulator in the
2300-volt primary ecirenit of the three single-
phase plate supply transformers. The output
voltage is dropped to 15,000 for the two U V-863
tubes in the 5-kw. stage; the full rectifier output
voltage is applied to the plates of the 17V-862
tubes in the 50-kw. stage. The rectifier output is
filtered by a large reactor and bank of high-volt-
age condensers.

Filament current for the UV-863 and 1'V-862
tubes is supplied by a d.c. generator equipped

A VERITABLE SUB-STATION S REQUIKED TO
HANDLE THE STATION'S POWER DEMANDS

Primary power enters the attractive Colonial siyle stalion
budlding from the equipment within the fenee. The two-wnre
andenna feed line may be seen at the upper lefl. The water-
cooling radiater with its motor-driven air cirenlating fan 1
down right.

with a filter rather than by step-down transform-
ers. The use of filtered direct current for filument
heating is essential for the prevention of hum in
the output when heavy filament currents are
employed. Several hundred amperes of alternat-
ing current flowing through a filament would
create a fluctuating field of considerable intensit y.
Alternating current from step-down transformers
is used for filament heating of the rectifier tubes
as well as for the filaments of the transmitting
tubes of the lower stages.

Negative grid bias voltage for all tubes follow-
ing the crystal oscillator-amplifier is supplied by
a d.c. generator. This method of obtaining bias
insures good voltage regulation.

THE WATER-COOLING SYSTEM AND FOWER CONTROL

The development of the water-cooled type
tube has made necessary similar developments in

the water system invol\ﬁag this ing.lmtion has
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a water svstem which in itself is a considerable
plant. Distilled water only is used and an impor-
tant unit of the system is the perfectly legal still
located in the basement of the station building.
The pure water distilled by this unit is put in a
storage tank from which it is pumped through the
outdoor radiator and the tubes. When the trans-
mitter is shut down and the pumps stop, the
water automatically drains from the outsid

radiator to the storage tank in the basement,
This eliminates the danger of a possible freeu.huia
in cold weather. :

The use of distilled water has several ad-
vantages over the use of doubtfully pure “tap”
water. Corrosion and “‘scaling” of the copper
jackets of the tubes is minimized and the com-
paratively high resistance of the distilled water
permits operation of the plates at high potential
with respect to ground with a negligible power
loss. The water flows through coils of rubber hose
immediately prior to reaching the tube water-
jackets and again immediately after leaving
them. This increases the length of the water
column and of the high-resistance path to ground.

When the transmitter is put into operationj
the water pumps automatically start circulatior
some time before the filament and plate power
comes on and the water is kept circulating for
some fifteen minutes after the rest of the plant is
shut down to insure proper gradual cooling of the
tubes.

Power to the transmitter is controlled by an
elaborate system of automatie switches which
operate in proper sequence and with proper tim-
ing. ‘The whole transmitter is controlled by a
single push-button start-and-stop switch. Pilot
lamps indicate current flow in all important cir-
cuits and assist greatly in locating the source of
trouble in event of a foreed shut-down. The
transmitter can be easily controlled by a single
operator, although the technical staff of WTIC is
made up of three engineers and eight operators
at the present time.
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Obviously, it has been impossible to eover in
complete detail every interesting feature of this
modern 50-kw. transmitter. An attempt has
been made, however, to dwell particularly on
those features of greatest interest to the amateur.
and it is hoped that ingenious experimenters will
find ways and means of applying some of the ideas
to our game. It is more than probable that many
applications will be discovered in addition to
those suggested in these pages. Some may prove
of great value to amateur radio; all will be worth
trying.



