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BT 626~-B 750sWatt Transmitter for CW and plegraph Services This trancs-

mitter utilizes elght vacuum tubes of the UV-21ll, fifty-watt type, one function-
ing as the master osclllator, one as an audlo oscillator to provide for ICW
transmlssion, and the other six as radio power-amplifiers, When used on the
average ship antenna the transmitter covers a continuous range from 600 to

2500 meters, or 500 to 120 kllocycles, CW and ICW telegraphy are obtalned
by turning the signal switch on the panel to the proper position. The front
panel view 1s shown in Figure 1l with all controls and meters ldentifled. A
side view of the transmitter 1s shown in Figure 2. The schematic clrcuilt

diagram showing the fundamental arrangement in the E,T, 3626-~B transmitter 1s

shown In Figure 3., The diasgram shows only one set of Master osclllator (exciter)
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circuit elements and antenna tuning elements, whereas two sets are actually
provided, one for the 600 - 1250 meter range and the other for the 1250 -

2500 meter range. Either the long or short-wave range may be selected by

the seven-pole double-throw switch marked "transfer switch" on the photographs.
The tubes are connected to the long-wave circuits when this switch is thrown
up, and to the short-wave circults when it 1s thrown to the down position.

The two pointers with long handles, shown just below the hinged screen door
about mid-way of the panel in Figure 1, control the master oscillator (exciter)
circuits by means of which the desired transmitting frequency is obtained.
ILoading of the antenna circuit is accomplished with s tapped inductor equipped
with a rotor coil to permit fine tuning adjustment by the variometer method.
The knobs controlling the antenna tuning are located on the upper part of the
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front panel. The short-wave exciter cirecuit is placed on the 1ef§ and the
long-wave on the right. By again making reference to the schematilc diagram
it 1s seen that the exciter oscillatory circult or frequency-determining cir-
| cuit consists of the inductor labelled 3 and the condensers 4, Thg inductor
| - is also provided with a rotor coil which permits the variometer principle to
| be employed for changing the frequency. The plate and grid of the oscillator
tube are connected to the tuned circuit by leads P and G through by-pass con-
densers 2 and 7 respectively. The filament is attached to the oscillator cir-
' cuit through lead F., As previously stated, 1in the actual transmitter two of
these inductors are supplied with the transfer switch to place either in the
circuit, depending on the frequency desired.

Two control knobs on the panel, each marked "range switch", permit both the .
short-wave and long-wave ranges to be divided into two parts, namely: 600 \
to 900 meters and 900 to 1250 meters for the short-wave and 1250 to 1800 and >
1800 to 2500 meters for the long-wave,
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The following gives the approximate relation between antenna current and
wavelength for the E,T. 3626-B when used with the average ship's antenna.

Wavelength 1 Antenna Transfer T——iExciter Range Antenna
Current Switch Inductance I
= | 4 el

600-900 10.1 Down 600-900 SW 600-900 Sw
900~1250 10,0 Down 900-1250 SW 900=-1250 SW

1250-1800 9.8 Up 1250-1800 1IW 1250-1800 LW

1800-2500 | 9.4 Up 1800-2500 1IW 1800-2500 LW

A key relay operated by power from a 110 V, d-c., supply, through a resistance
| and hand key, controls the grid circuits of both the master oscillator and
amplifier tubes, While the key is up a negative bias of 250 volts is applied
to all grids, thus stopping oscillation and insuring continued blocking of the
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S o1 626-F 750sWat Lrangmicteer or N and W s legraph Service. This trans-
mitter utilizes elght vacuum tubes of the UV-21l, fifty<watt type, one function-
ing as the master osclllator, one as an audlo oscillator to provide for ICW
transmission, and the other six as radio power-amplifiers., When used on the
average ship antenna the transmitter covers a continuous range from 600 to
2500 meters, or 500 to 120 kllocycles, CW and ICW telegraphy are obtailned
by turning the signal switch on the panel to the proper position. The front

panel view 1s shown in Figure 1l with all controls and meters identified. A
aide view of the transmitter is shown in Figure 2. The schematic clircult

diagram showing the fundamental arrangement in the E,T, 3626-B transmitter 1is

shown in Figure 3, The diagram shows only one set of Master oscillator (exciter)
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circuit elements and antenna tuning elements, whereas two sets are actually
provided, one for the 600 - 1250 meter range and the other for the 1250 -

2500 meter range. Either the long or short-wave range may be selected by

the seven-pole double-throw switch marked "transfer switch" on the photographs,
The tubes are connected to the long-wave circuits when this switch is thrown
up, and to the short-wave circults when it 1s thrown to the down position.

The two pointers with long handles, shown just below the hinged screen door
about mid-way of the panel in Figure 1, control the master oscillator (exciter)
circuits by means of which the desired transmitting frequency is obtained.
IL.oading of the antenna circuit is accomplished with s tapped inductor equipped
with a rotor coil to permit fine tuning ad justment by the variometer method,
The knobs controlling the antenna tuning are located on the upper part of the
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front panel. The short-wave exciter circuit is placed on the lefp and the
long-wave on the right. By again making reference to the schematic diagram
it i1s seen that the exciter oscillatory circult or frequency-determining cir-
cuit consists of the inductor labelled 3 and the condensers 4, The inductor
is also provided with a rotor coil which permits the variometer principle to
be employed for changing the frequency. The plate and grid of the oscillator
tube are connected to the tuned circuit by leads P and G through by-pass con-
densers 2 and 7 respectively. The filament is attached to the oscillator cilr-
cuit through lead F. As previously stated, in the actual transmitter two of
these inductors are supplied with the transfer switch to place either in the
circuit, depending on the frequency desired.

Two control knobs on the panel, each marked "range switch", permit both the
short-wave and long-wave ranges to be divided into two parts, namely: 600

to 900 meters and 900 to 1250 meters for the short-wave and 1250 to 1800 and -
1800 to 2500 meters for the long-wave, «“
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The following gives the approximate relation between antenna current and
wavelength for the E,T. 3626-B when used with the average ship's antenna.

Wavelength | Antenna | Transfer Exciter Range Antenna ?
Current 1 - Switch ’ Inductance
— -+ —_— — e e e e
600-900 10.1 Down 600-900 SW 600-900 Sw
900~1250 10,0 Down 900-1250 SW 900=-1250 SW
1250-1800 9.8 Up 1250-1800 IW 1250-1800 LW
1800-2500 | 9.4 Up 1800-2500 IW 1800-2500 LW

A key relay operated by power from a 110 V, d-c. supply, through a resistance
and hand key, controls the grid circuits of both the master oscillator and
amplifier tubes, While the key is up a negative bias of 250 volts is applied
to all grids, tms stopping oscillation and insuring continued blocking of the
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plate current;\‘ihe keying relay 1s also provided with additional contacts

giving bresk-in operation. While the key is up the receiving set is connected
to the antenna and the relay is adjusted to have the bresk-in contacts closed

before the keying contacts close, and also to have the break-in contscts open
after the keying contacts open.

The motor armature of the motor-generator set is provided with slip rings fro
m
which 77 volts, 60~cycle power is obtained for fllament heating. i steg-dqwn

transformer gives the required filament input voltage with regulation through

a rheostat., The d-c. generstor for plate excitetion is a two-pole,shunt~wound,
separately excited machine delivering a potential of 1000 to 1200 volts d-c,

Pl&CiZE the E.T. 3626-B into O@ration: l. Before starting the motor-genera-
tor set turn the filament and generator field rheostats to minimum voltage
positions and close the main line switch if it hgs been opened,

€., To start the motor generator set press the "start™ button located on the
the operator's control unit and adjust the filament voltage to 10 volts by
means of the rheostat which is also mounted in this unit.

3¢« The plate voltmeter should be observed while making adjustment of the
generator field rheostat until a reading of 1000 volts is obtained. The plate
current ammeter should read about 1.2 to 1.4 amperes.

4, The transfer switch should be thrown up if transmission is desired on the
long-wave range between 1250 and 2500 meters, or down for the short-wave range
between 600 to 1250 meters.,

5. The exciter tuning and range switch on the lower part of the panel 1s next
placed 1n the wavele th position desired, the short-wave r being on the
left and the lo -wave r @ the right.

6. T above wavele th adjustments are followed by placi either one of the

te a t 1ing switches in their proper position according to the range desired,
the short-wave ra e switch 1s on the left = the lo -wave switch on the right,
T operator st care 1 to place the exciter ra e switch in correct po-
gition correspo 1 to the exciter r switch for a given wavele agth,

7. The "test" tt t he 1y depressed order to ascertain if
maximum antenna c nt will obtained for a certain wavele th which will
indicated by the tenna armeter deflecti . To obtain the best adjustment,
t nt ante a tuni control til ¢t te =a ter 1 1icates a maximum
¢c rent, is t 1 adjust nt 1s attac 4 to t vari ter rotor coil and
c 8eq ntly it be manil ated for any rtli 1lar wavele th; it resonates
t radiati circuit with t closed circuit,
8.

n satisfactory radiation i1 1ication 1is secured after t the set as
outlined above, t se key vy rated for the transmission of messages.,

9, fore se 1 a ssage sure t  "CW - ICW" switch is in proper position
which, of ¢ se, 1s gover 4 by the t of receiver employed at the station
with which co icati is to establis A4, n the sendi key is closed,
a t " - ICW" switch is t own to the ICW position, the a 1o oscillator
will generate o of t ee tone eq les oeerati in conj ction with the
ster oscillator radio amplifiers, The "to f q ncy switch" located in
t right side of the trans tter frame should not be t hed while the
motor-generator set 1s runni as the d-c., volt e is on the circuits.

10, n c jcation is ¢ pleted t set 1s s t a4 by pressiig the
"stop" tton on t operator's control nel,
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Theory of Operation, Referring to the schematic diagram in Figure &, only
one coil system called the "exciter" circuit, involving the generation of
oscillations, is shown since the circuilt is fundamentally alike for the two
wavelength bands, Only one antenna variometer (16) is shown for the same
reason although two such coils are in the actual set,

Looking at the set from the front, the left hand tube 1is used as the master
oscillator, coupled to a split inductance or "Hartley' type circuit to produce
oscillations, In the diagram this tube is the second one from the right with
its oscillating circuit (exciter circuit) consisting of variable inductance
(3) and two fixed condensers (4). The capacitance of these condensers is

.004 mfd, and HL02 mfd, respectively and function in conjunction with the long
and short-wave exciter, The feed-back voltage built up across inductance (3)
between the taps marked G and F 1s used to excite the oscillator grid through
the coupling condenser (7). This condenser blocks the d-c. grid current from
the oscillating circuit. The loss of high-frequency energy in the grid leak
and keying circuit is prevented by the choke (3). The correct negative grid
bias for the oscillator is obtained by the use of the 5000~ohm grid leak re-
sistor (6) which acts to hold back a certain quantity of electrons on the grid
when oscillating. The positive d-c. voltage 1s fed to the osclllator plate
through a choke (1) which prevents the radio-frequency from backing up in the
power supply circuit. The plate blocking condenser (2) has a capacitance of.
,004 mfd., it being inserted in the plate lead P connecting to the osclllatory
circuit to furnish a low reactance path for the high-frequency a-c. component
of the fluctuating plate current, The d-c. component is blocked by this con-
denser and flows through choke (1) and to the generator, The inductance (3)
is varied by means of the rotating coll marked on the dlagram with a long
arrow, while the actual control knob on the transmitter panel is labelled
either "short-wave" or "long-wave exciter tuning". The neutralizing condenser
(5) has a capacitance of .,00014 mfd., it being designed to prevent any re-
action effects due to coupling between the amplifier-circuit and the master
oscillator - a condition always present because of the self-capacity (grid

to plate capacity) of the amplifiers., Choke (9) in the oscillator grid is
used to prevent the production of ultra-high-frequenclies generally known as /

"parasitic" oscillations,

The six amplifier grids are coupled to the master oscillator circult through
condenser (12; and receive their excitation from the adjustable lead G on the
inductance (3). A .004 mfd. condenser (12) serves to by-pass the high-fre-
quency oscillations while at the same time it blocks the d-c. bias voltage of
the amplifiers obtained through the use of the grid leak resistor (15)., This
100~ohm resistor operates to hold an adequate number of electrons on the
amplifier grids thus furnishing the correct negative bias when the oscillations
produced in the master oscillator circult are being increased in power by the
amplifiers., This condition obtains when the transmitting key is down.

The amplifier plates receive their excitation from the 1000~volt generator

through the plate coil of the antenna coupling transformer (10). The choke
(14) builds up a high reactance to radio-frequencies and blocks the flow of
this energy through the grid leak and keying clrcults thus preventing high-
frequency losses. '

Inductive coupling petween the closed and open circults is provided by antenna

transformer (10). Two such transformers are included@ in the transmitter, the

long-wave on the left side and the short-wave on the right side, The radio-

frequency component of the plate current of the six amplifier tubes passes

thro h the primary of (10) causi a rapid change in magnetism which acts on

the secondary t ns and, as a consequence, an alternating e.m.f. 1s 1 uced

in the latter coil which sets the tenna system into exclitatlon. The large
tput power of the plifier tubes is dellvered to the antenna in this er.

The 6,0 d. condenser (20) f nishes a low reactance path aro 4 the generator

for the radio-frequency component, For a given plate voltage the ount of
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power transferred to the antenna is controlled by the ratio of turns in trans-
former (10), For example, a larger number of turns used in the secondary, or
antenna coll, than in the primary will increase power, The proper relation of
turns 1s made at the time the set 1s callibrated and does not require adjust-
ments by the operator. Loading the antenna 1s accomplished with a tapped
inductance (16) provided with a rotor coll for fines~tuning the antenna by

the variometer method, It has been previously stated that two such devices
are included in the transmitter and controlled by knobs on the front of the

panel,

Small choke coils (11) are connected in the grlds of the power amplifier tubes
and are placed as close to the tube sockets as practicable, The function of
these chokes 1s similar to choke (9) in the master oscillator grid circuit.

The transmission of telegraph signals 1s by the keying relay (17) controlled
by the hand key, the latter being energized from the 110-~volt d-c. supply.
The auxiliary contacts on relay (17) are shown in the antenna circuit at (17a).
Break-in operation is provided by the closing of the auxiliary contacts pre-
ceding the closing of the grid clrcult contacts, The dlagram shows the con=-
nection of the grlid return from all tubes to the negative 1000 volts at point
marked "X" and the filament circuit to the tapped point on resistor (18).
This resistor 1is attached to positive and negative of the d-c., generator and
serves as a potentiometer, The amplifier grid return 1s through switch con-
tact (21A) when CW transmlssion 1s employed, It should be particularly ob-
served that the negative 1000 volts is not grounded, but as previously men-
tioned the ground is formed at the tapped point on potentiometer (18)., Ac~-
cording to the principles explained by Ohm's Law we know that a drop in volt-
age of a definite amount will result in the windings of this resistance when
current flows through. The amount of the voltage, in this instance called
"bias voltage", depends upon the strength of the current and the resistance
of the unit (18) measured in ohms., Hence, when the sendling key 1is up radio
energy cannot be radiated because the large negative bias obtained from (18)
is applied to the grids and oscillation stops. Subsequently a current of low
value passing through potentiometer (18) from the d-c., generator places a
holding bias on the grids. The total resistance of the potentiometer 1s
20,000 ohms, It consgista, however, of two separate reslstors jolned 1in seriles,
When the key 1s depressed, as for sending, a short circult 1s placed across
part of the potentiometer resistance from which the blas 1ls obtained. This
short, of course, removes the blas, since no voltage drop can then be obtalned.
The 1.0 mfd., condenser 1s an arc absorption unit connected in shunt with the
contact points of key relay (17). Large potential surges, due to keying the
circuit, are absorbed and dissipated by the 6.0 mfd, condenser (20).

ICW telegraphy 1s accomplished by modulating the output of the power ampli-
fiers with an audio~-frequency current obtained from the audio oscillator cir-
cult consisting of three capacitors labelled (23) and the secondary winding

of the iron core transformer (22). The tube functioning in conjunction with
this circuit 1is known as the audioc oscillator tube, the first tube on the left
in the schematic dlagram, The production of an oscillating current in the
audio=-frequency range 1s possible through the feed~back of power from the plate
or primary winding of (22) to the grid or secondary which action takes place
due to the changing magnetic flux permeating the iron core which always accom-
panies any variation in the strength of the plate current. The plate and grid
circuits are made resonant to a low frequency current by employing large con-
densers of high capacitance and building up the inductive reactance of the
circuit through the use of windings composed of a large number of turns to-
gether with an iron magnetiec circuit. The grid of the audio osclillator con-
nects to one side of the secondary winding of (22) and receives its excitation
from the alternating voltage of low frequency induced 1n thls winding from the
fluctuating plate current in the primary. The opposite end of the secondary 1s

joined to the negative 1000 end of the potentiometer (18) at point "X".
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In order to carry on ICW telegraphy with this transmitter the "CW - ICW" switch
on the panel is thrown to position marked "ICW", thus closing switch (21) in
the schematic diagram. The closing of this switch supplies power to the audilo
oscillator tube plate from the d-c. generator, while at the same time switch
(21A) opens and removes the short circuit around resistor (13) and the second-
ary winding of transformer (22). The audio oscillator grid return 1s com-
pleted at point "X" which provides this tube with a blocking bias for keying
similar to the conditions existing in the grids of the other tubes in the
transmitter when the sending key is up. An inspection of the diagram shows
that when switch (21A) is open the grid leak current of the six power-amplifier
tubes must flow through resistor (13) and the secondary of transformer (22).
Because of this interrelation between the radio and audio circuits the low
frequency a-c. voltage induced across the secondary by the fluctuating plate
current in the primary is effectively applied on the grids of all the radio
power-amplifiers because these tubes are arranged in parallel, i.e., all of

the grids are connected to one common junction which leads to condenser 12,

and also to grid leak circuit consisting of choke (14) and leak resistor (15).

When the sending key 1s depressed the output of the audio oscillator is im-
pressed upon the grids of the amplifiers, while these tubes are at the same
time continuing to step-up the strength of the continuous oscillations received
from the master oscillator. It follows that for any change in grid potential
at an audio rate the amplitude heights of the c¢ontinuous oscillations will be
forced to vary in exact accordance with the wave form of the audlo energy. It
is then said that the CW energy is modulated with the frequency of the audio
oscillating circuit. The CW energy 1is known as the "carrier" frequency and

it will be recalled that this frequency was generated in the circuits of the
master oscillator and amplified through the power tubes, Hence, an ICW signal
or better, a modulated wave signal, is transmitted which produces a signal in
the distant receiving set having a characteristic spark tone. The term "tone
modulation" may also be applied to this variety of telegraphic transmission.

The audio oscillator circuit can be adjusted to three different tone fre-
quencies by varying its capacitance, Three condensers marked (23) and a
switch making suitable connections is provided for this purpose. By proper
selection of condensers, two of which are rated at .5 mfd, each, the third at
1.0 mfd., the tube grid bias can be made to vary at a 500, 700, or 1000 cycle
rate, approximately.

When operating ICW, overloadil of the audio oscillator with d-c. current from
the power- plifier grids 1is prevented by resistor (13) which also acts as a
grid leak resistance for the plifiers addition to resistor (15).

The grid ret n of all tubes te 1 tes at a tapped point on the filament
balancing resistor shown in the diagr . T insertion of t s small o ¢

of resistance in the grid circuit requires the use of t s de. by-pass con-
denser (24) in order to ovide a path of low reactance to t radio=-frequency
energy. 1le the audio oscillator tions normally d 1 ICW tr smission,

a negative bias of correct value is intained upon its grid by t 5.0 4.
grid condenser and 3000<~0 le resistor rked (25) on the diagram. D ing
CW operation t a 10 oscillator ceases to ction because switc s (21)

d (21A) are open, d at thist e t rid leak circuit for the power pli-
fier tubes is thr gh grid leak resistor 15), r.f. choke (14) and switch
(21A) which is then closed and t nce to the negative 1 ~volt slide of
potenti  ter resistor (18) indicated on the diagr at point "X",

The instruments on t transmitter panel are labelled on the sc matic dia-
&r as foll s: Al is the antenna ¢ rent ammeter (0-15 amps.) which is
necessary to ascertain when res ance is establis d between t closed =
open circuits on any of the transmitting waves while adjusti ¢t tenna
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variometer controls; A2 1s the plate current ammeter (0-5 amps.) which fecords
the amount of direct current flowing from the d-c. generator to the plates

of all elght tubes; V1 isthe plate voltmeter equipped with a 0~1500 volt scale
and used in conjunction with the maltiplier resistance to indicate the positive
plate potential applied to the plates, and V2 is the filament voltmeter with

a range of 0-15 volts used to indicate the input e.m.f'. applied to the fila-
ment terminals which provides the correct f4lament temperature. The radio-
frequency chokes 1, 8 and 14 are 400 turn duolateral wound coils,

bles and E cy Measures. It will be found that a majority of the

sugrgestions contained in the following paragraphs are applicable to various
types of vacuum tube transmitters,

Defective Tybeg. Should any of the tubes become inoperative and no spares

are avallable, the transmitter may still be operated with three or four ampli-
fier tubes in place of the ususl six. The plate voltage should be reduced to
prevent overheating of the plates of the tubes. Care must be taken that the
tube plates donot exceed a dull red. The master oscillator tube, (the front
left hand tube), must always be used. ICW transmission eannot be asccomplished
without the left hand rear tube which is the audio osclllator, because this
transmitter is not equipped with a chopper,

Plate Radio Frequency Choke Coil Burned t. Should the master oscillator
plate choke, merked in In Figure 7, burn out remove the defective plate choke
and replace it with grid choke (8) being careful to put in a temporary wire
Jumper to close the grid ecircuilt. This provides an immediate remedy, but 1t
wlill be observed that the efficiency of the master oscillator will be impaired,

A 400~turn honeycomb or duolateral coil may be used for the plate choke if
one is avallable,

Shorted Plate or Grid Blocking Condenser. This difficulty may be remedied by

removing the defective condenser and substituting one of the large condensers
in the other wavelength band. The substitute condenser can be easily mounted
in a temporary position by lengthening the commecting leads.

Filament Voltmeter Inoperative. The filament rheostat should be ad justed until
the tubes begin to heat or the antenna current drops quickly. When this effect

1s observed the rheostat should be adjusted slowly in the opposite direction

until the temperature of the tubes becomes normal snd the antenna is not rising
rapidly.

No Indicatlon on the Antenna Ammeter. The anterna circuit may not be in reson-
ance or the trouble may be due to loose connections, Examine the antenna verio-
meter and coupling transformer in the wavelength range that is inoperative.
Also, look for open switch blades in the transfer switch, If this trouble is
thought to be due to a burned out ammeter place a wire jumper between the meter
terminals and note the results, If this is found to be the seat of the trouble
without an ammeter reading the only alternative is to adjust the circuits in
accordance with the tuning record and observe the plate current ammeter for
final resonance.

Burned Out Plate Ammeter or Voltmeter, If the voltmeter is burned out no

temporary repair 1s possible, therefore 1t is suggested that the genersator

field rheostat be adjusted to 1ts usual position and the tubes watched closely
to prevent overheating of the plates. In the case of a burned out plate ammeter
a 150swatt lamp can be connected to the meter terminals, and for normal opera-
tion the lamp should not exceed full brilliancy.

Burned Out Filament Transformer: Filament Rheostat in the a-c. Supply Dis-
continued From the Two Slip BEings on the Motor Armature. The filement cir-

cuit should be disconnected from the filament transformer secondary and then
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connected to the terminals of a storage battery as follows: Connect five
cells in series and then attach the filament terminals across the five cells.
The connecting leads should be capable of carrying 30 amperes, The cells
should be of the lead-acid type. A rheostat control will not be required
because the voltage of the five cells is practically cdrrect, i.e., 10 volts.

Burned Out Grid Leak, Should the grid leak of the power amplifier burn out
it may be replaced by an equal value of resistance approximately 4000 to
10,000 ohms, A satisfactory substitute may be made up with a rubber hose
about 10 inches long, filled with water and plugged at each end with a con-
necting wire passing through each plug and protruding a short distance in
the water to form suitable electrodes,

Motor Generator If the machine fails to start when the "start" button is

Pl i dihabuiy

pressed, look for an open wmain switch on the starter panel or a defective

main fuse., The operator should ascertain 1f there 1s line voltage at tne
main switch and if it 1s of the correct value. A test for line voltage may
be easily made by depressing the telegraph key which should cause the relay
key to work, providing the ship's power is on.

If the contactor in the automatic starter closes when the "start" button is
pressed, but the motor generator armature fails to rotate the trouble might be
due to a burned out starting resistance on the back of the starting panel,

or look for loose connections,

A frozen bearing will prevent any movement of the armature, To ascertain
this condition first open the main switch and, with the power off, turn the

armature over by hand and at the same time inspect the 0il wells and rings
to see that they have plenty of oil.

Tube Filaments do not Light. If the motor generator starts up satisfactorily,
but the filaments fail to light look for blown fuses on the terminal board

which might happen provided a tube filament has been previously short cir-
culted. Also look for defective brush or insufficient brush tension on the
motor slip rings, or loose connections,

Tubes Overheating. It is possible that a low voltage bias caused by a de-

e fective potentiometer resistance will not block the tubes sufficiently. Or,
the blas voltage may be partially short-circuited by an amplifier tube which
has become soft, this condition being generally evidenced by the troublesame
tube showling a blue haze and heating more than the other tubes.

If, on the other hand, the tubes only overload while the key is down the
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