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E T 26- 7 t T slittlr for C and W eleuaph Service. This trans-

mitter utilizes eight vacuum tubes of the UV-211, fifty.watt type, one function-
ing as the master oscillator, one as an aüaio oscillator to provide for IM 
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 kilocycles. CW and ICW telegraphy are obtained 
by turning the signal switch on the panel to the proper position. The front 
panel view is shown in Figure 1 with all controls and meters identified. A 
side view of the transmitter is shown in Figure 2. The schematic circuit 
diagram showing the fundamental arrangement in the E.T. 3626-B transmitter is 
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 circuits when it is 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. 
Loading of the antenna circuit is accomplished with a 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 circuit is placed on the left and the 
long-wave on the right. By again making reference to the schematic diagram 
it is seen that the exciter oscillatory circuit 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 cir-
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: 60Q1. 
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. 3626-13 when used with the average ship's antenna. 
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. e  
Wavelength 

_ 
Antenna 
Current 

Transfer 
. Switch 

Exciter Range Antenna 
Inductance 

. . t . 

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 LW 1250-1800 LW 
1800-2500 9.4 . .. . Up 1800-2500 LW 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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T 626 751m Ta itr or Ct and eraph Service. This trans-
mitter utilizes eight vacuum tubes of the Ul/m211, fifty.watt type, one function-
ing as the master oscillator, one as an audio 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 kilocycles. CW and ICW telegraphy are obtained 
by turning the signal switch on the panel to the proper position. The front 
panel view is shown in Figure 1 with all controls and meters identified. A 
side view of the transmitter is shown in Figure 2. The schematic circuit 
diagram showing the fundamental arrangement in the E.T. 3626-B transmitter is 
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 circuits when it is 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. 
Loading of the antenna circuit is accomplished with a tapped inductor equipped 
with a rotor coil to permit fine tuning adjustment by the varlometer 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 left and the 
long-wave on the right. By again making reference to the schematic diagram 
it is seen that the exciter oscillatory circuit 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 cir-
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: 6,0_,Qt, 
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. 

1 

_J 

, 

Wavelength Antenna Transfer Exciter Range Antenna 
Current . Switch Inductance 

. . 

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 LW 1250-1800 LW 
, 1800-2500 . 9.4 _ Up 1800-2500 LW 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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plate current. The keying relay is also provided with additional contacts 
giving break-in operation. While the key is up the receiving set is connected 
to the antenna and the relay is adjusted to have the break-in contacts closed 
before the keying contacts close, and also to have the break-in contacts open 
after the keying contacts open. 

The motor armature of the motor-generator set is provided with slip rings from 
which 77 volts, 60- cycle power is obtained for filament heating. A step-down 

transformer gives the requirer_9 filament input voltage with regulation through 
a rheostat. The d-c. generator for plate excitation is a two-pole, shunt--wound, 
separately excited machine delivering a potential of 1000 to 1200 volts d-c. 

Placing the E.T. 3626-8 into 0 eration: 1. 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 has been opened. 

2. 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 is next 
placed in the wavelength position desired, the short-wave range being on the 
left and the long-wave range on the right. 

6. The above wavelength adjustments are followed by placing either one of the 
antenna tuning switches in their proper position according to the range desired, 
the short-wave range switch is on the left and the long-wave switch on the right. 
The operator must be careful to place the exciter range switch in correct po-
sition corresponding to the exciter range switch for a given wavelength. 

7. The "test" button on the panel may be depressed in order to ascertain if 
maximum antenna current will be obtained for a certain wavelength which will 
be indicated by the antenna ammeter deflection. To obtain the best adjustment, 
turn the antenna tuning control until the antenna ammeter indicates a maximum 
current. This tuning adjustment is attached to the variometer rotor coil and 
consequently it may be manipulated for any particular wavelength; it resonates 
the radiating circuit with the closed circuit. 

8. When satisfactory radiation indication is secured after tuning the set as 
outlined above, the sending key may be operated for the transmission of messages. 

9. Before sending a message be sure the "CW ICW" switch is in proper position 
which, of curse, is governed by the type of receiver employed at the station 
with which communication is to be established. When the sending key is closed, 
and the "CW ICW" switch is thrown to the ICW position, the audio oscillator 
will generate one of three tone frequencies operating in conjunction with the 
master oscillator and radio anplifiers. The "tone frequency switch" located in 
the right hand side of the transmitter frame should not be touched while the 
motor-generator set is running as the d-c. voltage is on the circuits. 

10. When communication is completed the set is shut down by pressing the 
"stop" button on the operator's control panel. 
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Theory of Operation. Referring to the schematic diagram in Figure 3. only 
one coil system called the "exciter" circuit, involving the generation of 
oscillations, is shown since the circuit 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 is used as the master 
oscillator, coupled to a split inductance or " Hartley" type circuit to product 
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 .002 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 is 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 5000ohm grid leak re-
sistor ( 6) which acts to hold back a certain Iuantity of electrons on the grid 
when oscillating. The positive d-c. voltage is fed to the oscillator 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 oscillatory 
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 coil marked on the diagram 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-frequencies generally known as 
"parasitic" oscillations. 

The six amplifier grids are coupled to the master oscillator circuit 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 circuit 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 ke7ing circuits thus preventing high-
frequency losses. 

Inductive coupling Detween the closed and open circuits 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 
through the primary of ( 10) causing a rapid change in magnetism which acts on 
the secondary turns and, as a consequence, an alternating e.m.f. is induced 
in the latter coil which sets the antenna system into excitation. The large 
output power of the amplifier tubes is delivered to the antenna in this manner. 
The 6.0 mfd. condenser ( 20) furnishes a low reactance path around the generator 
for the radio-frequency component. For a given plate voltage the amount 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 coil, than in the primary will increase power. The proper relation of 
turns is made at the time the sot is calibrated and does not require adjust-
ments by the operator. Loading the antenna is accomplished with a tapped 
inductance ( 16) provided with a rotor coil for fine-atuning 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 grids of the power amplifier tubes 
and are placed as close to the tube sockets as practicable. The function of 
these chokes is similar to choke ( 9) in the master oscillator grid circuit. 

The transmission of telegraph signals is 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 circuit contacts. The diagram shows the con-
nection of the grid 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 is attached to positive and negative of the d- c. generator and 
serves as a potentiometer. The amplifier grid return is through switch con-
tact ( 21A) when CW transmission is employed. It should be particularly obm 
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). Acm 
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 sending key is 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 is 
20,000 ohms. It consists, however, of two separate resistors joined in series. 
When the key is depressed, as for sending, a short circuit is placed across 
part of the potentiometer resistance from which the bias is obtained. This 
short, of course, removes the bias, since no voltage drop can then be obtained. 
The 1.0 mfd, condenser is 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). 
TOW telegraphy is accomplished by modulating the output of the power ampli-
fiers with an audio-frequency current obtained from the audio oscillator cir-
cuit consisting of three capacitors labelled ( 23) and the secondary winding 
of the iron core transformer ( 22). The tube functioning in conjunction with 
this circuit is known as the audio oscillator tube, the first tube on the left 
in the schematic diagram. The production of an oscillating current in the 
audio-frequency range is 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 magnetic circuit. The grid of the audio oscillator con-
nects to one side of the secondary winding of ( 22) and receives its excitation 
from the alternating voltage of low frequency induced in this winding from the 
fluctuating plate current in the primary. The opposite end of the secondary is 
joined to the negative 1000 end of the potentiometer ( 18) at point "X". 
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In order to carry on 'CV/ telegraphy with this transmitter the "OW - ICW" switch 
on the panel is thrown to position marked " 1CW", thus closing switch (21) in 
the schematic diagram. The closing of this switch supplies power to the audio 
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 is 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 is depressed the output of the audio oscillator is ini-

presse(1 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 nudio rate the amplitude heights of the continuous oscillations will be 
forced to vary in exact accordance with the wave form of the audio energy. It 
is then said that the CW energy is modu]ated with the frequency of the audio 
oscillating circuit. The CW energy is 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 " ton 
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 capncitance. Tnree 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, overloading of the audio oscillator with d- c. current from 
the power-amplifier grids is prevented by resistor ( 13) which also acts as a 
grid leak resistance for the amplifiers in addition to resistor ( 15). 

The grid return of all tubes terminates at a tapped point on the filament 
balancing resistor shown in the diagram. The insertion of this small amount 
of resistance in the grid circuit requires the use of the . 5 led. by-pass con-
denser ( 24) in order to provide a path of loN reactance to the radio-frequency 
energy. While the audio oscillator functions normally during ICW transmission, 
a negative bias of correct value is maintained upon its grid by the 5.0 mfd. 
grid condenser and 3000%ohm leak resistor marked ( 25) on the diagram. During 
CW operation the audio oscillator ceases to function because switches ( 21) 
and ( 21A) are open, and at this time the grid leak circuit for the power ampli-
fier tubes is through grid leak resistor ( 15), r.f. choke ( 14) and switch 
(21A) which is then closed and thence to the negative 1000%volt side of 
potentiometer resistor ( 18) indicated on the diagram at point "X". 

The instruments on the transmitter panel are labelled on the schematic dia-
gram as follows: Al is the antenna current ammeter ( 0-15 amps.) which is 
necessary to ascertain when resonance is established between the closed and 
open circuits on any of the transmitting waves while adjusting the antenna 
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variometer controls; A2 is the plate current ammeter (0-5 amps.) which records 
the amount of direct current flowing from the d-c. generator to the plates 
of all eight tubes; V1 isthe plate voltmeter equipped with a 0-1500 volt scale 
and used in conjunction with the multiplier resistance to indicate the positive 
plate potential applied to the plates, and V2 is the filament voltmeter with 
a range of Om15 volts used to indicate the input e.m.f. applied to the fila-
ment terminals which provides the correct filament temperature. The radio.. 
frequency chokes 1, 8 and 14 are 400 turn duolateral wound coils. 

IP01.;>1es and Emergency Meases. It will be found that a majority of the 
suggestions contained in the following paragraphs are applicable to various 
types of vacuum tube transmitters. 

Dgferjazt.bulu.. Should any of the tubes become inoperative and no spares 
are available, the transmitter may still be operated with three or four ampli-
fier tubes in place of the usual six. The plate voltage should be reduced to 
prevent overheating of the plates of the tubes. Care must be taken that the 
tube plates do not exceed a dull red. The master oscillatór tube, ( the front 
left hand tube), must always be used. In transmission cannot be accomplished 
without the left hand rear tube which is the audio oscillator, because this 
transmitter is not equipped with a chopper. 

Plate Radio Fre uenc Choke Coil Burned Out. Should the master oscillator 
p ate e o e, mar ed n gure , 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 circuit. This provides an immediate remedy, but it 
will 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 available. 

O 

Shorted Plate orGridEocking 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 connecting leads. 

Filament Voltmeter Inoperative. The filament rheostat should be adjusted until 
the tubes begin to heat or the antenna current drops quickly. When this effect 
is observed the rheostat should be adjusted slowly in the opposite direction 
until the temperature of the tubes becomes normal and the -antenna is not rising 
✓apidly. 

No  Indication  on the Antenna Ammeter. The antenna circuit may not be in reson-
ance or the trouble may be due to loose connections. Examine the antenna vatio-
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 is possible, therefore it is suggested that the generator 
field rheostat be adjusted to its usual position and the tubes watched closely 
to prevent overheating of the plates. In the case of a burned out plate ammeter 
a 150%watt 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 Sli,p2alngs on the Motor  Armature. The filament 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 cebrect, 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 
pressed, look for an open main switch on the starter panel or a defective 

main fuse. The operator should ascertain if there is line voltage at trie 
main switch and if it is 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 oil 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-
cuited. Also look for defective brush or insufficient brush tension on the 
motor slip rings, or loose connections. 

Tubes Oerhpating. It is possible that a low voltage bias caused by a de-
fective potentiometer resistance will not block the tubes sufficiently. Or, 
the bias voltage may be partially short-circuited by an amplifier tube which 
has become soft, this condition being generally evidenced by the troublesame 
tube showing 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 
master oscillator tube may be defective, that is, oscillations are not being 
generated in the oscillator's tuned circuit. In order to localize the possible 
reason for this trouble remove the six amplifier tubes from their sockets, but 
keep the master oscillator and audio oscillator tubes in place. When the key 
is now depressed the oscillator tube will heat excessively if the tube or cir-
cuit is defective. However, if the amplifier plates exceed a dull red glow 
with the key down and the antenna in resonance it may be assumed that an in-
correct number of plate turns is used or the :antenna coupling transformer is 
defective. 

Audio Oscillator Circuit Fails to Operate. For the location of this trouble 
look at all connections on the CW ICW switch, audio transformer ( 22) and 
condensers and switch ( 23) indicated on the diagram in Figure 3. The audio 
oscillator tube may be defective and the remedy in this event is obvious. 
One of the three condensers ( 23) may have broken down. Should the plate 
current rise excessively when the key is pressed while the audio oscillator 
seems to function properly the trouble may be due to either a shorted amplifier 
grid leak or audio oscillator grid leak, both of which have a rating of 3000 ohms. 
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2menuLIJALJLalmm iLm.ppecautions. Never clean commutators with the motor 
generator set running as the high voltage is dangerous. Do not change tubes, 
make adjustments, or come into contact with the wiring while the set is in 
operation. 
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E.T. 3626 Telegraph Transmitter 750 efatts. The front view of this transmitter 
is shown In Figure 4 rerr,"="71731r-T4frielgure 5. The motor generator and 
operator's control panel are illustrated in Figure 6. Transmission on two 
wavelength bands are provided through the use of a transfer switch and two 
independent sets of tuning elements. These bands are 600 to 1250 meters and 
1250 to 2500 meters. Interrupted continuous wave transmission is obtained 
by a chopper system which causes the radiated signal to have the characteristic 
tone of a 500%cycle spark transmitter. 

A total of eight UV-211 fifty.pwatt tubes are utilized in this equipment. Six 
tubes connected in parallel are used as power-amplifiers which feed their out-
put into the antenna system through a coupling transformer. One tube is em-
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ployed as the master oscillator or exciter. Facing the panel the master oscil-
lator is the left hand front tube; it utilizes the split inductance or "Hartleyn 
method of feed-back to produce oscillations. Another tube located directly in 
back of the master oscillator, i.e., in the left hand rear corner of the tube 
rack, is used as a rectifier. This tube charges a 1.0 mfd. condenser to a 
potential of approximately 250 volts. Power for this circuit is obtained from 
the 77qevolt, 30-cycle filament supply and passes through a small transformer 
which steps up the voltage to 250 volts and the tube rectifies this voltage for 
introduction to the keying circuit. While the sending key is up a negative 
potential of 250 volts is applied to the grid circuits of the master oscillator 
and the power amplifiers to stop oscillation and insure continued blocking of 
the plate current. The grid bias voltage is automatically controlled by the 
manipulation of the hand key which in turn actuates a relay with two pairs of 
contacts. The relay contacts are arranged in such a manner to first open the 
grid circuit, stopping oscillation, and immediately after permitting the negam 
tive 250•volt bias to be applied while the key is up as previously mentioned. 
A second relay device provides break-in operation by connecting the receiving 
set to the antenna when the key is up. 

The motor armature of the motor-generator is provided with two slip rings 
from which the a-c. power is obtained for filament heating. The filament 
transformer receives the 77 volts, 30 cycles, single phase power through a 
rheostat and steps down this voltage to the value required by the filaments, 
i.e., 10 volts. The power for plate excitation is delivered by a two-pole 
compound wound generator giving a d-c. potential of 1000 to 1200 volts. 

The fundamental oscillator, power amplifier, and tuning circuits in this 
transmitter are quite similar to those in the E.T. 3626mB equipment. The 
theory of operation and other information relating to the main circuits may 
be fully understood by making reference to the discussions on transmitter 
E.T. 3626-B given in previous paragraphs. The principal change that has been 
made is in the method employed for obtaining the 250.-volt grid negative bias. 
In the E.T. 3626mB it is obtained from the voltage divider or potentiometer 
connected across the positive and negative 1000 volts of the generator, whereas, 
in the E.T. 3626 this potential bias is furnished by one tube which functions 
as a rectifier as explained in the foregoing Paragraph. 

Since this transmitter does not contain an audio oscillator circuit it re-
quires the use of a chopper system in order to provide ICW transmission. The 
motor driven chopper commutator interrupts the tube grid circuits at a 500% 
cycle rate, approximately, to give tone modulation or modulated CV! signals. 
However, in commercial service signals of this type are called ICW. The 
choppèr is placed in operation by the "CW ICW" switch on the front of the 
panel. It should be noted that the antenna current will be somewhat less than 
when straight CW is used. 

E.T. 3626mA  750•Watt Transmitter. This transmitter uses a total of eight 
tubes of the Ul7m211 type. Six of these tubes are connected in parallel and 
operate as power amplifiers while the remaining two, also connected in parallel, 
are the master oscillators. The front and rear tubes at the extreme left of 
the tube rack are the oscillators. An audio oscillator circuit is not included 
hence a motor driven chopper is used to give In transmission. Keying is 
unimwave and the negative 250-.volt keying bias is supplied from a potentio-
meter. The circuit arrangement of the oscillator, power-amplifier and antenna 
circuits are similar to those in models E.T. 3626 and E.T. 3626-B. 

200•Watt Model E.T. 3627-A Transmitter, Figure 7 shows a front view of this 
continuous wave and interrupted continous wave vacuum tube transmitter. A 
rear view is shown in Figure 8 • The fundamental circuit of this transmitter 
is shown in Figure g e An adjustable positioning device for the master-oscil-
lator variometer permits any five frequencies within the 300 to 312 kilocycle 
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band to be selected and kept in a permanent adjustment. This provides a con-
venient arrangement, for in changing from a calling to a working frequency the 
operator is not required to make careful adjustments to locate an exact posi-
tion on the scale with the master-oscillator pointer. 

Theorz of 2peration . The theory of operation of the 200-watt E.T. 3627-A 
transmitter may be understood by referring to the schematic diagram in Figure 
9 . The frequency of the UV-211 master- oscillator tube is controlled by the 
variometer L4 which operates in a capacity-coupled ( Colpitt's oscillator) 
circuit. The grid alternating e.m.f. necessary for the promotion of con-
tinuous oscillations is obtained from the voltage drop across condenser C7. 
The values of capacitance of the three condensers Cl, C6 and C7, and the in-
ductance of variometer L4, are carefully selected because they represent the 
circuit constants and therefore determine the frequency range of the trans-
mitter. Condenser C5 is the usual plate-blocking condenser and serves to 
keep the d-c. plate voltage off the grid and oscillatory circuit of the 
master-oscillator tube. This condenser, of . 003 mfd. capacitance, provides a 
low reactance path for the radio- frequency component of the total plate cur-
rent., allowing it to flow into the oscillatory circuit for the requisite feed-
back of plate energy into the grid. Radio-frequency choke L3 keeps the plate 
high-frequency component from backing into the 10004- volt generator circuit. 
The grids of the two UV-211 power-amplifier tubes are directly connected and 
these grids are excited by rsdio energy through condenser C9 and resistance 
R4, at the frequency of the oscillatory circuit. Grid leak resistor R1 main-
tains the correct negative bias on the amplifiers, and radio-frequency choke 
L2 prevents losses of the high-frequencies through the grid leak circuit. The 
grid leak on the master oscillator tube is resi3tor R3. The high-frequency 
energy in the powr amplifier plate circuit feeds into the primary ( pri.) or 
plate coil of the antenna transformer. This coil is also called the " tank 
inductance". The antenna is set into excitation through the transfer of this 
high-frequency from the output of the radio amplifier tubes through the antenna 
transformer. The primary of this transformer carries the ICW and CW switch. 
It will be noticed that in the case of interrupted continuous waves the amount 
of inductance used will never be as great as for straight CW. This feature 
allows the radiated wave of the ICW variety to possess sharp characteristics. 
The frequency of the master- oscillator is repeated in the output of the power-
amplifiers, and the antenna circuit is adjusted for resonance to this frequency 
by the four taps and variometer on the antenna loading inductor Ll. 

Key Relay. A rapid change-over from send to receive is provided by the magnetical-
ly operated break-in relay which is shown mounted on the front of the panel in 
Figure 7• This relay is designated as K2 in the schematic diagram. Modern 
radio traffic conditions require this feature to be provided in the transmitter, 
keying speeds up to 40 words a minute are pos3ible with the relay, it being 
equivalent to a double-pole, single-throw relay. The low side of the antenna 
contains one pair of contacts connected in series and during the transmitting 
periods they serve to short circuit the input to the radio receiver. In order 
to prevent sparking at the antenna contact and also to reduce the disturbance 
from clicks in the radio receiver, the second pair of contacts key the trans-
mitter proper and are adjusted to close slightly after and open slightly before 
the antenna circuit contacts. 

Keying Circuit. The explanation of the fundamental keying circuit will be 
understood by reference to the schematic diagram where it is seen that the 
negative lead from the 1000%volt generator connects to one of the key contacts 
on the break-in relay. The negative plate circuit is completed through the 
upper right contact to the mid-tap on the filament heating transformer T2. 
The grid return leads of both the power amplifiemand master oscillator are 
returned to this negative side of the plate circuit through grid leak resistors 
R1 and R3, respectively. Both the negative plate circuit and the grid circuit 
are broken by the keying actionlwith the result that a high negative potential 
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is impressed upon the grids of the tubes whenever the contacts open. The relay 
contacts will interrupta large current with minimum sparking. 

lAgend and Function of_Qamponent Parts of E.T. 3627-A  Transmitter Fl tire.. 9. 

A-1 Antenna ammeter ( 0-10 amperes) is used to indicate resonance between the 
tank inductance, or plate coil Pri and antenna system. 

A-2 Plate ammeter ( 0-2 amperes) indicates direct current drawn from the Oita 
generator by the three tubes. 

C-1 Master oscillator plate condenser, . 003 mfd. is used for plate excitation 
of this tube. 

C-2 Filter condenser, 1 mfd, acts to smooth out any ripples in the dome. from 
the 1000-volt generator due to commutation. 

C-3 Filament by-pass condensers, . 5 mfd. each, furnish a low reactance path 
for the radio-frequency oscillations from grid to filament. Without these 
condensers the filament heating coils on the iron core transformer T2 would 
form the only path which would obviously impede the flow. 

C-4 Key condenser, .015 mfd. functions to absorb and dissipate transients of 
potential surges set up while keying. This condition is manifested by arcing. 

C-5 Master oscillator plate blocking condenser, . 003 mfd., permits the high-
frequency oscillating component of the plate current to flow through readily, 
but prevents the d-c. component of the plate supply from being impressed on 
the oscillator grid or passing to the a-c. tuned circuit. 

C-6 Master oscillator plate condenser, . 002 mfd., functions similarly to Cl 
and forms a part of the oscillatory circuit. 

C-7 Master oscillator grid condenser, . 002 mfd., is the grid input or excita-
tion condenser and from across its plates is obtained the requisite voltage 
drop to be applied between grid and filament for maintaining the master oscil-
lator and associated circuits in a state of generating continuous oscillations. 

C-8 Chopper condenser, . 003 mfd., used in conjunction with resistor R9 helps 
to smooth out any uneveness in the chopper note in order to produce a clear 
and distinct tone in the telephone receivers. 

C-9 Power amplifier grid condenser, . 003 mfd., permits the high-frequencies 
generated in the master oscillator circuit to pass through and excite the grids 
of the two radio-frequency power tubes. 

F-1 Plate fuse rated at 2 amperes ( not shown) 

F-2 Receiver antenna fuse, . 5 ampere ( not shown). 

K-1 Hand key used for interrupting the stream of radio oscillations generated 
in the transmitter into dots and dashes for the dispatch of radio telegraphic 
messages. 

K-2 Break-in relay ( Key relay) permits a rapid changeover from send to re-
ceive, it being magnetically operated by the hand key. 

L-1 Antenna variometer and fourebtap inductance used for loading the antenna 
in order to establish resonance with the tank circuit. 

lem%2 Power amplifier grid leak radio-frequency choke. To prevent losses in 
the grid leak circuit of the high frequencies flowing from the master oscil-
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lator through amplifier feed resistance R4 and condenser C9. These radio 
frequencies are intended to build up a high value of excitation voltage on 

the amplifier grids. 

L-3 Master oscillator plate choke is in series with the positive lead of the 
1000•volt generator and functions to prevent losses by blocking out the radio 
oscillations from this circuit. These oscillations will flow readily through 

the low reactance path of C5. 

L-4 Master oscillator variometer permits any five frequencies within the 
312 to 500%kllocycle range to be selected. 

R-1 Power amplifier grid resistance, 500 ohms, furnisnes correct grid bias 
for stable operation of the two UV-211 tubes. 

R-3 Master oscillator grid resistance, 7500 ohms, maintains grid at correct 

bias or negative potential. 

R-4 Power amplifier feed resistance, 150 ohms, used to maintain the radio-
frequency voltage supplied to the power amplifier grids from the master oscil-

lator at a normal value. 

R-5 Filament rheostat, 20 ohms, permits a close control of filament terminal 
e.m.f. of all tubes for working the filaments at their rated temperature. 

R-6 Master oscillator parasitic resistor, 15 ohms, ( not shown) is used to 
suppress the generation of ultra high-frequencies caused by the plate-to-egrid 
capacity of vacuum tubes and coupling leads which give such a circuit a definite 

oscillation period. 

R-7 Plate field rheostat, 250 ohms, allows a fine control of the positive 
voltage applied to the plates of all tubes. 

R-8 Power amplifier parasitic resistor, 15 ohms, ( not shown) functions similar-

ly to R6. 

R-9 Chopper resistor, 50 ohms, works in conjunction with CB to smooth out any 

uneveness in I.O.W. energy. 

Rm10 Key relay resistor, 400 ohms, ( not shown). 

S-1 Antenna inductance switch permits convenient change of wavelength from 
calling wave to communicating ( working) wave. 

Tml Antenna transformer consists of tank inductance ( plate coil) Fri and antenna 
coil S, and is used to provide magnetic coupling between the closed and open 
oscillatory circuits for the transfer of radio power. The tapped tank induct-
ance connects to CW and In switch allowing the proper selection of inductance 
for either form of transmission. 

T-2 Filament transformer, . 125 K.V.A., is a mid-tapped step-down iron core 
transformer which receives power from a 40•cycle supply from collector rings 
attached to the windings of the motor, and delivers an alternating current of 
10 volts, when regulated, for heating the filaments resulting in an adequate 

electron emission. 

V-1 Filament voltmeter, 0-15 volts a- c. should read 10 volts after completing 
the voltage adjustment by means of the filament rheostat R5. 

Vm2 Plate voltmeter, 0-1500 volts d-c. indicates the positive plate potential 
applied to each of the three plates. 
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Y-1 Choppor motor lm rated at 1/Wth horse power and i lriven rr(ml ilu V. 
supply. When ICW transmission la desired the signal switch 10110111 1.ti lesonl in 
ICW position cloning one pair of contacts which starts thr cloq)rmr f), fr h 

fl 

opening a second pair which removem the short circuit malntainmi e l.n 

chopper during CW tranamiasion. A brush resting on the chopper wIlet,1 
nately maktim contact with a copper and fibre aegmentm thus causing the 
circuits of the master oscillator and power amplifiera to be broken ut 
rate of approximately 1000 times a second to radiate a wave having the 
characteristics of the note produced by a 500-cycle spark transmitter. 

Vacuum Tubes. Facing the transmitter panel, the tube at the left 13 the mbster 
oscillator and the remaining two tubes tu the right are the power ampliflt,rs, 
both being connected in parallel. In the schematic diagram, Figure y , this 
'ardor is reversed, where it may be seen that the master oscillator is crawn at 
the right and the two power amplifier toward the left. 
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The evaluations given in the rollawing table will enable the operator to as-
certain the practical relation between the operating wavelengths and the cur-
rents in the various circuits. The positions of the antenna variometer pointer 
on the scale, indicated in degrees, and the antenna inductance switch, are also 
given. 
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When the E.T. 3627-A was used with an antenna having a capacitance of 0.0008 
mfd. and resistance of four ohms the following resulbswere observed, both for 
CW and ICW transmission. 

Wavelength Antenna current. 
Amperes 

CW 600 
ICW 600 
CW 800 
ICW 800 
CW 960 
ICW 960 

V35#8 

7.1 
4.75 
7.1 
4.6 
7.25 
4.6 

Plate current 
in Amperes 

0.59 
O. 39 
O. 6 
O. 39 
O. 61 
0.41 

Reading on 
Position of-
Antenna 
Inductance 
Switch. 

55 degrees 
55 degrees 
41 degrees 
41 degrees 
102 degrees 
102 degrees 

Scales 
Position of 
Antenna 
Variometer 
Switch. 

1 
1 
2 
2 
2 
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A different set of results was obtained with the transmitter working into an 
antenna possessing the following characteristics, namely, a capacitance of 
0.0004 mfd. and resistance of four ohms. 

• 

CW 600 
ICW 600 
CW 800 
ICW 800 
CW 960 
ICW 960 

6.1 
4.0 
6.4 
4.0 
6.25 
3.5 

0.5 
0.33 
0.5 
O. 32 
O. 55 
O. 32 

45 degrees 
45 degrees 
70 degrees 
70 degrees 
79 degrees 
79 degrees 

2 
2 
3 
3 
4 
4 

2-KW. Model E.T. 3638 Tele ra h Transmitter • A front and rear view of this 
transmitter nre shown in Figure 10 and 11, respectively, and the schematic 
diagram in Figure 12. An inspection of the diagram shows that the general 
arrangement of the master oscillator ( M.O.) and power amplifier circuits are 
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somewhat similar to those employed in the E.T. 3627-A transmitter. The E.T. 
3638 equipment, however, utilizes four vacuum tubes connected in parallel as 
intermediate power amplifiers ( I.P.A.) and an "antenna loading inductance" 
in order to increase the frequency range of the transmitter. A ship's an-
tenna with a low capacitance requires the use of an external loading induct-
ance in order to permit transmission on the higher wavelengths. A photograph 
of the external loading inductance is illustrated in Figure 13. When this 
transmitter is used on an antenna with the proper characteristics it will cover 
a continuous wavelength band of 600 to 2400 meters, or a frequency range of 
125 to 500 kilocycles. 

The transmitter employs seven vacuum tubes, one 50-watt UV-211 es a master 
oscillator, four similar tubes arranged in parallel as intermediate amplifiers, 
and the remaining two tubes, type UV-851, as main power amplifiers. The two 
UV-85I tubes are shown in the front panel view protected by the screen door. 
These main amplifiers are rated at le-kw., require a plate potential of 2000 
volts d- c. obtained by adjusting the plate rheostat, and the filaments each 
draw 15.5 amperes a-c. when supplied with the specified terminal voltage of 
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Y-1 Chopper motor is rated at 1/both horse power and is driven from 110 V. d-c. 
supply. When ICW transmission is desired tilt, signal switch should be placed in 
ICW position closing one pair of contacts which starts the chopper motor find 
opening a second pair which removes the short circuit maintained around the 
chopper during CW transmission. A brush resting on the chopper wheel alter-
nately makes contact with a copper and fibre segments thus causing the grid 
circuits of the master oscillator and power amplifiers to be broken at the 
rate of approximately 1000 times a second to radiate a wave having the general 
characteristics of the note produced by a 500-cycle spark transmitter. 

Vacuum Tubes. Facing the transmitter panel, the tube at the left is the master 
oscillator and the remaining two tubes to the right are the power amplifiers, 
both being connected in parallel. In the schematic diagram, Figure 9 , this 
order is reversed, where it may be seen that the master oscillator is drawn at 
the right and the two power amplifier toward the left. 
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The evaluations given in the following table will enable the operator to as-
certain the practical relation between the operating wavelengths and the cur-
rents in the various circuits. The positions of the antenna variometer pointer 
on the scale, indicated in degrees, and the antenna inductance switch, are also 
given. 
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Master Oscillator 

Band Switch 

Fiiament Rheostat 

Filament Switch 

When the E.T. 3627-A was used with an antenna having a capacitance of 0.0008 
mfd. and resistance of four ohms the following resultswere observed, both for 
CW and 1CW transmission. 

Wavelength Antenna current. 
Amperes 

Plate current. 
in Amperes 

Reading on Scales 
Position of 
Antenna 
Inductance 
Switch. 

Position of 
Antenna 
Variometer 
Switch. 

CW 600 
ICW 600 
CW 800 
ICY! 800 
CW 960 
ICW 960 

7.1 
4.75 
7.1 
4.6 
7.25 
4 e 6 

V35#8 

0.59 
O. 39 
O. 6 
O. 39 
O. 61 
0.41 

55 degrees 
55 degrees 
41 degrees 
41 degrees 

102 degrees 
102 degrees 

1 
1 
2 
2 
2 
2 

0 1" 9.40 

.11. 
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A different set of results was obtained with the transmitter working into an 
antenna possessing the following characteristics, namely, a capacitance of 
0.0004 mfd. and resistance of four ohms. 

1 CW 600 
ICW 600 
CW 800 
ICW 800 
CW 960 
ICW 960 

6.1 
4.0 
6.4 
4.0 
6.25 
3.5 

O. 5 
0.33 
0.5 
O. 32 
O. 55 
O. 32 

45 degrees 
45 degrees 
70 degrees 
70 degrees 
79 degrees 
79 degrees 

2 
2 
3 
3 
4 
4 

2-KW. Model E.T. 3638 Tele ra h Transmitter. A front and rear view of this 
transmitter are shown in Figure 10 and lip respectively, and the schematic 
diagram in Fip:ure 12. An inspection of the diagram shows that the general 
arrangement of the master oscillator ( M.O.) and power amplifier circuits are 

2 

«M. 

ANTENNk-toms4 
IN 

DEk0 END 
SwITCN 

TANK,' 
iwOUCTOK 

P. A 
Iwo uv-8S1 

c13 

 It  

ONE--
WI- 211 

1.P.A. 
FOUR 

UV- 211 

«M. 

POTENTIONIETER 

rweettieve- 

Mi 

COLPITTS 
OSCILLATOR 

cs 
18 

OSCILLATOR 
vA111041ETER 

+2000 +1000 •••• 

O. C. PLATE VOLTAGE 

#-11-sw• 

o 45 
-125 + 126 
O C RiÁS VOLTAGe 

RG ho 

aft» 

Rio 

FiLAMENT 
-0---7RANSFORMER 

o 
176V. A.C. 

800%.0 

Figure 12 

somewhat similar to those employed in the E.T. 3627-A transmitter. The E.T. 
3638 equipment, however, utilizes four vacuum tubes connected in parallel as 
intermediate pcwer amplifiers ( I.P.A.) and an "antenna loading inductance" 
in order to increase the frequency range of the transmitter. A ship's an-
tenna with a low capacitance requires the use of an external loading induct-
ance in order to permit transmission on the higher wavelengths. A photograph 
of the external loading inductance is illustrated in Figure 13. When this 
transmitter is used on an antenna with the proper characteristics it will cover 
a continuous wavelength band of 600 to 2400 meters, or a frequency range of 
125 to 500 kilocycles. 

The transmitter employs seven vacuum tubes, one 50-watt UV-211 es a master 
oscillator, four similar tubes arranged in parallel as intermediate amplifiers, 
and the remaining two tubes, type UV-851, as main power amplifiers. The two 
UV-85I tubes are shown in the front panel view protected by the screen door. 
These main amplifiers are rated at 1.-kw., require a plate potential of 2000 
volts d-c. obtained by adjusting the plate rheostat, and the filaments each 
draw 15.5 amperes a-c. when sumlied with the specified terminal voltage of 

V35#8 



Figure 11 ---P-Rear View of 210V. Model E.T.3638 
Telegraph Transmitter 
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Fig. 1.--Rear View of Type IP--501 Receiver 
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Type IP-501 Receiver. The Type IP-501 receiver is designed for operation 
as a regenerative detector circuit to receive the signals sent out by spark 
stations, and for regenerative beat reception to respond to continuous wave 

(C.W.) signals. 

The vacuum tube detector is mounted on the panel with the tuning apparatus, 
a rear view of which is illustrated in Figure 1. The complete circuit 
diagram is shown in Figure 2. A front view of the panel showing the tuning 
controls, filament voltmeter and filament rheostat control, is illustrated 
in Figure 3. A schematic diagram of the IP-501 is shown in Figure 3A. 

A crystal detector may be connected to the two binding posts marked " Crystal" 
for the reception of spark signals or modulated C.W., and the four-pole 
double-throw switch permits a quick changeover from crystal to vacuum tube 
operation. When the switch handle is in the center position, marked " Send," 
the receiving circuits are disconnected from the detector which should be the 
adjustment when signals are being transmitted. 

The wavelength range of the receiver is from 300 meters to 8000 meters. 

External loading inductance coils may be inserted in the primary, secondary 
and tickler circuits to reach the maximum range of the receiver. The " long 
wave loading unit" is shown mounted over the main receiver cabinet in Figure 
4, while the schematic wiring diagram of this same unit is shown in Figure 5. 
The binding posts on both panels are placed exactly opposite to allow con-
venient and accurate connection between the circuits. When the loading coils 
are used the metal straps attached to the three pairs of binding posts on the 
receiver panel must be removed. Connection between the lower antenna post of 
the loading unit and the antenna post of the receiver is required. 

A three-position rotary switch on the loading unit panel connects the circuit 
to a law, medium and high wavelength range. When the switch is in "Low" 
position all of the loading coils are short‘mcircuited and the receiver is 
then in a condition for the regular adjustments which are carried out when 
additional inductance is not used. In "Medium" position the primary and 
tickler coils are added to the circuit while only a portion of the secondary 
loading inductance is cut in. On the " High" position all of the loading coils 
are added to the respective circuits. 

The coupling between the primary and secondary loading coils is variable, 
with a lock provided to hold the adjustment. The tickler coil coupling is 
also variable and likewise provided with a lock. 

The receiver is an inductively coupled type having independent primary and 
secondary circuits which must be in tune with the wavelength of the signals desired. 
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To the right of the main receiver cabinet in Figure 4 is shown the two-step 
audio amplifier unit. Five. volt tubes of the 201-A type are employed in the 
detector and amplifier circuits, the filaments teing energized by a Covolt 
storage battery. The receiver and amplifier units are electrically connected 
by attaching a jumper wire from each " telephone" binding post to each " input" 
binding post, the corresponding binding posts of the two instruments being 
exactly opposite. separate filament rheostat controls are provided for each 
tube, and each plate circuit is equipped with a phone jack, to allow for 
✓eception of signals directly from the detector, or after the signals have 
passed through one or two stages of amplification. 

The amplifier unit is provided elth terminals for connecting the 6,--volt "A" 
battery, the " C" battery to furnish a negative bias to the grid circuits, 
and the " P" battery to supply the positive plate potentials. The e.m.f. of 
the " B " battery may range froc 90 to 135 volts, and the potential of the " C" 
battery should be between 4.5 and 9 volts depending upon the amount of "B" 
✓oltage used. The main receiver unit is also provied with battery terminals 
for the detector tube only. Leads can be connected to the filament posts from 
the storage battery supplying the amplifier. The "F" battery may be tapped at 
the 45-volt terminal and a lead carried to the "positive plate battery" tind-
ing post. 
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A small protective spark gap is mounted on the extreme left of the receiver 
panel directly in the center, and a thin card should be slipped in between the 
two angle-shaped posts occasionally as a test to make sure that the gap is not 

short-circuited. 

Antenna Circuit or Primary Circuit. The antenna or open oscillatory circuit 
consists of the antenna, the primary cylindrical loading coil, the primary 
inductance bank-wound on threaded tubing, the antenna inductance switch, the 
variable air type condenser, and the ground conductor. 

The primary inductance is tapped and made variable in six steps with con-
nections to the rotary control switch indicated on the panel from A to F. 
This switch is equipped with an arrangement for dead-ending the unused portions 
of the inductance. The diagram shows how the end switch automatically connects 
and opens, or entirely disconnects and short-circuits the sections of in-
ductance when the five switch blades make different contact with the studs. 

The primary inductance is mounted at an angle to the main secondary inductance 
with a heavy sheet metal shield placecrbetween the coils to neutralize electro-
static coupling effects. The coupling between the circuits is purely electro-
magnetic as provided by a movable coupling coil which is part of the total 
inductance of the secondary. 

By the switch arrangement for short-circuiting the unused sections of the 
inductance, interference is minimized. If the unused turns were allowed to 
remain in the circuit the self-capacity ( distributed capacity) and inductance 
of these turns would of themselves form an oscillatory circuit and there 
would be a loss of high-frequency current. At the same time the resulting 
magnetic field would react upon the main inductance to change its self-in-
ductance. This would tend to destroy the resonant setting of the circuit and 
broaden the tuning. 

The primary condenser remains in series with the antenna circuit at all 
times. It has a capacity of between 0.00008 mfd. and 0.0045 infd. being also 
of the self-balanced type with suitable gearing to provide a vernier motion. 
When the condenser is rotated between 0 and 180 degrees a very fine variation 
in capacity is obtainable by means of the vernier control. When the inductance 
switch is moved, a mechanism attached to it moves a pointer to successive circles 
which are engraved on the condenser dial, and the wavelength calibrations may 
then be marked on the dial for future identification. 

Secondary or Cosed Circuit. The secondary oscillatory circuit consists of 
the secondary inductance, also bank-wound, on a form of threaded bakelite 
dilecto tubing. Also the secondary variable air type condenser shunted be-
tween one end of the inductance and he inductance switch, and the small coil 
inserted within the primary tubing which provides the coupling between both 
circuits. The secondary loading inductance in the " long-wave unit" becomes a 
part of this circuit, providing this long-wave unit is used. 

The secondary inductance is tapped and made variable in six steps, the sections 
being added to the circuit in progressive order when the secondary inductance 
switch is rotated from point 1 to point 6. This switch also is equipped with 
the automatic arrangement for cutting out and short-circuiting the unused 
sections of the coil. The capacitance of the secondary condenser is rated 
from about 0.00006 mfd. to 0.0032 mfd. and it is also equipped with vernier 
control. The condenser dial is engraved with rows of concentric circles across 
which the pointer moves when the inductance switch is rotated, similar to the 
mechanical arrangement of the primary condenser. 

Loupling the Primary and Secondary. The transfer of radio-frequency oscil-
lations from the primary to the secondary is obtained by the mutual inductance 
between a movable coupling coil, which is part of the secondary inductance, 
and the low wavelength end of the primary inductance. The photograph shows 
he movable coil mounted within and toward one end of the primary inductance. 

10 98,4 Vol.36#15 
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The variable magnetic coupling between the two circuits enables the primary 
and secondary to be adjusted individually to a given wavelength, thus afford-
ing sharp tuning to one wavelength. 

When the windings of the two coils are parallel the coupling is maximum and 
it is then that the induced signal oscillations reach their highest current 
strength, but under these conditions selectivity is reduced. If the coupling 

Fig. 3---Front View of IP-501 Receiver 
Fig. 4--View of "Long Wave Loading Unit" 
Mounted on Top of Main Receiver Cabinet 

coil is rotated to occupy a position where its windings are in a plane at 
right angles to the primary turns then the coupling is loosest or at minimum 
(zero). The coupling coil may be rotated a few degrees beyond this point of 
zero coupling where the respective windings are at an angle of 90 degrees to 
what is called a small reverse coupling. By utilizing reverse coupling it is 
possible in practice to secure a point of minimum coupling between the primary 
and secondary circuits on all wavelengths within the range of the receiver. 
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Fig. 3A--Schematic Circuit Diagram of IP-501 Receiver 

Capacity coupling between the circuits is neutralized by means of the small 
reverse coupling which has the effect of sharpening the tuning considerably, 
and thereby reducing interference. As we have previously explained the ca-
pacity coupling between the circuits is entirely eliminated by enclosing the 
elements forming the primary and secondary in separate heavy sheet copper 
boxes. The metal sheets act as a shield in blocking and absorbing static 
energy and are grounded as indicated by the diagram. The coupling between the 
circuits is purely electromagnetic and depends upon the degree of coupling as 
determined by the angular relationship existing between the movable secondary 
coil and the primary inductance. 
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O o e eat o. The tickler coil is carected 
n ser es w th the • etector tube plate circuit and is mounted at the short 

wavelength end of the secondary inductance. The tickler inductance, sometimes 
4npen as the rotor, is wound on a ball-shaped form, small enough in diameter 
to rotate within the tubing on which the secondary turns are wound. The coil 
is mounted on a shaft controlled by the rotary switch knob on the panel marked 
"Tickler," with the scale graduated from 0 to 180 degrees. 

The inductive relation between the tickler and secondary being controllable, 
and being dependent upon the relative position of the two windings, allows a 
close regulation of the amount of energy which feeds back, or is transferred 
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Fig. 5-- Schematic Wiring Diagram of "Long Wave Loading Unit." 

back, from the plate circuit to the grid circuit. The action of the tickler 
coil is briefly as follows: When signal oscillations are induced into the 
secondary circuit from the primary, the grid is charged with an alternating 
voltage which causes the plate current to pulsate at a similar frequency. 
The rise and fall of plate current in the tickler coil induces an alternating 
e.m.f. In the secondary because of the mutual inductance existing between the 
two circuits. The mutual inductance is variable by changing the angular 
positions between the coils when the tickler is rotated. 

The signal energy is now re- introduced into the grid circuit. The e.m.f. In-
duced in the secondary charges the grid with an alternating e.m.f. causing 
the plate current to again rise and fall, but at a much greater value, for we 
know that a small grid voltage variation will be repeated in the plate circuit 
with correspondingly large plete current pulsations. This is due to the in-
herent amplification characteristics of the vacuum tube. 

The functionof the tickler coil may be classified according to the two pro-
cesses that take place, namely; 

First, to provide for amplification of the signal by transferring part of the 
the power in the plate current alternations produced by the incoming oscilla-

°.11:14 
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tions back into the grid circuit. This process is called " regenerative am-
plification" and the circuit will respond efficiently, when in this condition, 
to damped waves of the spark transmitter, or modulated continuous waves ( C.W.) 

If a regenerative detector is set into self- oscillation when damped oscil-
lations such as those generated by spark transmitters are being received, 
only partial beats are formed by the combining of the two sets of oscillaticris. 
Although amplification is secured, complete beat formations, such as are pro-
duced from continuous wave signals, cannot be obtained because of the damping 
and discontinuity of the spark wave. The normal note of the spark transmitter 
is distorted, and a beat note of a rough quality is heard. 

When spark signals are to be received, the coupling should be carefully ad-
justed to the verge of oscillation; i.e., only close enough to re-enforce the 
plate current alternations through the feed-back action, but not sufficiently 
great to set the tube into oscillation. In other words, the circuit should be 
operated as a regenerative amplifier, and not as a regenerative beat receiver. 

Secondly, if the tickler coupling is increased to a point where the plate 
energy transferred to the grid is greater than the energy which is lost in the 
grid circuit due to its oppositions, such as resistance, etc., then the tube 
will become retroactive, and generate oscillations of radio-frequency. If the 
frequency of frié-ie focally generated oscillations is slightly different from 
the signal frequency the two alternating currents will combine or heterodyne 
to produce a "beat current," which will set up vibrations in the telephone 
diaphragms. This process is known as "regenerative beat reception and enables 
the receiver not only to carry out the function of regenerative amplification, 
but permits reception of continuous wave signals. 

The explanations and suggestions relating to primary and secondary coupling and 
proportions of inductance and capacity used to secure selective tuning, which 
have been discussed in previous lessons, are equally applicable to this circuit. 

The buzzer circuit consists of the push button switch, ( the buzzer mounted at 
the left of the panel) an external battery of about three volts connected to 
the binding posts marked "Buzzer Battery," and a small coil of inductance 
coupled to the antenna lead as shown in the diagram. When the current flowing 
in the buzzer circuit is interrupted at each make and break of the circuit, as 
by the opening and closing of the contact points, the induced e.m.f. bf self-
inductance excites the circuit carrying the buzzer inductance, causing the 
latter coil to radiate groups of damped oscillations sufficiently strong to 
affect the antenna circuit. 

Each impulse causes the antenna or primary circuit to oscillate at its ovin 
natural frequency, which of course depends upon the tuning adjustments, and a 
buzz or note will be heard in the receivers. The buzzer may then be used to 
adjust a crystal, if one is used as in the case of an emergency, or it will 
serve to indicate when the vacuum tube is oscillating, in which case a low 
hissing sound will be heard. 

The " stopping" or telephone condenser is a mica condenser, variable in five 
steps by the rotary control switch mounted on the panel. When the correct 
capacity is found the groups of damped oscillations from a spark transmitter 
will discharge through the telephones with a large cumulative effect. 

The grid condenser cf 0.00025 mfd. capacity and the grid leak resistance 
shunted across the condenser allows the excess accumulation of electrons 
stored up on the grid during a group of oscillations to leak off and restore 
the grid to its normal negative potential. The function of the grid condenser 
is to place a negative potential bias on the grid to produce a large audio-
frequency average variation of plate current, resulting in a greater de-
flection of the telephone diaphragm. 

Vol.36#15 roe's .%  
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The impedance or iron core reactance coil shown in the diagram is connected in 
series with the telephone windings and it acts to build up the e.m.f. of self-
induction caused by the audio variation of current passing through the tele-
phone circuit, thus giving a strong signal. However, with very high resistance 
telephone receivers it is possible to àccomplish this result without the re-
actance coil, but such head- sets possessing the proper impedance are not 

always available. 

A small fixed condenser acting as a "by-pass" condenser is shown in the 
diagram to the right of the variable stopping condenser. By following out 
the continuity of the circuit it can be seen that when the four-pole double-
throw control switch is in the " Crystal" position the fixed condenser 8nd 
stopping condenser are connected in series and shunted across the reactance 

coil. Refer to Figure 2. 

Let us observe the circuit arrangement when the control switch is moved to the 
"Tubjposition. Both condensers are still connected in shunt with the re-
actance coil, but from the common point, which joins them in series, another 
lead is carried to the filament circuit. This places the condensers across 
all of the external impedance in the plate circuit represented by the reactance 
coil and the magnet windings of the receivers. The function of the condensers 
is to provide a low reactance path for the high-frequency alternating component 
of the plate current to flow through and dissipate this energy. By removing 
this oscillating energy, or high-frequency alternating component immediately 
after the incoming signal oscillations have acted upon the detector tube, it 
allows only the direct current, carrying the audio-frequency variations, to 
pass through either the telephone receivers, or a two-stage audio amplifier 

unit. 

If, however, there is no means provided for the dissipation of the high-
frequency component it will pass through the path formed by the distributed 
capacity of the windings. Under such conditions these parasitic currents, 
which they now become, may be carried along with the audio-frequency currents 
and perhaps mar the perfect reproduction of the originel signal wave, or 

create disturbances in the audio circuits. 

Practical Operation of the IF- 501 Receiver 

(1) When the vacuum tube detector is employed move the control switch to the 
right, to "Tube," ( sometimes marked "Audion.") 

(2) The rheostat should be in the " Off" position before operation ( 1) is per-
formed. Now increase the filament current by moving the control handle in the 
direction marked " Increase" until the filament voltmeter indicator is on 5 volts. 

(3) For short wave work set the secondary inductance pointer at division 2, 
and for long waves at division 4, and for the reception of Spark signals the 
Tickler should be set at about 120 degrees. In any event the tube should not 
be oscillating, but in a condition for regenerative amplification when receiv-

ing spark or modulated C.W.signals. 

(4) To pick up a signal, increase the coupling and adjust the Antenna In-
ductance in steps and for every change swing the Antenna Condenser entirely 
across the scale. After the signal is heard, loosen the coupling, and tune 
the secondary circuit to resonance with the primary by means of the Secondary 

Inductance and Secondary Condenser. 

(5) Adjust the telephone condenser until maximum signal is heard, bearing in 
mind that the 41shest selectivity on spark signals is obtained by using a 
minimum amq3Ant _of capacitTin this condenser. 

(6) Note, that for "Stand-B-7 r adjustment, or pick-up work, the coupling 
between primary and secondary should be close, but for selectivity the coupl-
lng should be reduced to a point consistent with satisfactory reception. 

Vol. 36#15 
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Operation For ÇonUnuous Wave (C,W.) Recepfjon 

(1) Throw the control switch to "Tube" and increase the filament current 
until the voltmeter reads 5.0 volts. 

(2) Adjust the Tickler coupling control to about 45 degrees and set the 
stopping or telephone condenser at point 3 or 4 cutting in about half of its 
capacity. - 

(3) The tube should now generate oscillations, which can be easily determined 
when a clicking sound is heard in the receivers while applying the following 
tests: 

(a) When the push button marked " Oscl'n Test" is depressed the tickler 
coil is shorted and consequently no inductilre feed-back action will 
take place; hence, every time the button is pressed the oscillations 
will cease, being manifested by the phone click. 

(b) When the antenna circuit is brought into resonance with the secondary 
by tuning with a medium amount of inductance coupling between the circuit. 

(c) When the tickler coupling is tightened ( periodic click). 

(d) If the tube is oscillating and the test buzzer is operated, a soft 
hissing sound will be heard. 

(4) Set the coupling control, marked " Coupling," at about 80 degrees. 

(5) Adjust the Antenna Inductance and vary the Antenna Condenser until the 
antenna system is in resonance with.the desired signal wave, following the 
general procedure for tuning in spark signals. However, in C.W. reception 
the signal is often tuned in and out with a small variation in capacity and 
therefore the condenser should be rotated very slowly. For every change in 
the capacity of- the primary or antenna condenser, the secondary condenser 
should be slow2y rotated back and forth and each time the point is reached 
when the secondary is tuned to resonance with the primary it will be marked by 
a slight click heard in the phones. Continue varying the primary capacity 
slowly and for every change swing the secondary condenser back and forth past 
the resonant point until the characteristic C.W. note of the station is tuned 
in. The pitch of the note can be altered to suit the individual ear, but in 
practice it is found that the best note, one that is not too highly pitched, 
is heard at a setting slightly above or below the resonant point. 

(6) Loosen the tickler coupling as much as possible to obtain selective re-
ception of C.W. signals and also use the loosest ( minimum) inductive coupling 
between the primary and secondary. 

A7) Failure to obtain oscillations may be due to insufficient tickler coupl-
ing or the polarity of the "B battery connection may be reversed. 

%de 

e 1P 501A Receiver. This receiver, the 
ron y ew o w c is shown in Fig. 6, 

comprises an inductively coupled tuner, a 
vacuum tube detector, and two- stage ampli-
fier. Except for tne compact grouping of 
these components in one cabinet, this re-
ceiver differs only slightly from the well 
known IP 501 receiver. 

Fig. 6--Front View of the IP-501A 

Type Receiver 
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Model AR-8500 Radio l¡eceiver 1—Several important features not heretofore avail-
able are provided by this receiver, designed primarily for marine application. 
A frequency range of 15 K.C. to 17,500 K.C. may be covered by the use of plug-
in ()oils. In addition the receiver is provided with a built-in or fixed coil 
system which may be quickly connected in circuit by operating a switch and 
which provides coverage of the band from 230 to 520 K.C. ( 1304 to 577 meters). 
Variable mu pentode tubes are used permitting nigh sensitivity and considerable 
freedom from interference. A single control for the tuning elements of the 

receiver is provided. 

The receiver should be installed so that the various controls on the front panel 
are within convenient reach. Sufficient space should be available above the 
receiver to permit access to the tube door and removal of the coil assembly. 

The A and B battery leads to the receiver should preferably be run in lead covm-
ered or sheilded wiring and the shield thoroughly grounded so that supply cir-
cuits will not pick up excessive interference from the local radio transmitter. 

The B supply should consist of a 135-volt battery made up of three heavy duty 
45-volt units. A tap from this battery at 22-1/2 volts and a second tap at 45 
volts are required. The total drain from the 135-volt battery is approximately 

7 milliamperes. 

A 6-volt storage battery should be used for the A supply. The drain on this 
battery will be 1.2 amperes. The negative terminal of the 6-evolt battery and 
the negative terminal of the 135-volt battery are common and should be con-
nected to a good ground. This connection will then ground the chassis of the 

receiver. 

Unless there is considerable vibration it is not necessary to use any form of 
shock mounting as the receiver tubes are nona-microphonic. 

A total of four pentode tubes are used in the receiver consisting of 3 RCA Ra-
diotrons 239,and I RCA Radiotron 238. The arrangement of these tubes in the 
circuit is as follows: One 239 as radio frequency amplifier; one 239 as re-' 
generative detector; one 239 as first audio amplifier, one 238 as second audio 
amplifier. These tubes are indirectly heated cathode or heater type tubes, 
the heater operating at 6 volts and .3 amperes per tube. The heater or fila-
ment will function satisfactorily with an A supply voltage ranging from 5.5 to 
8.5 volts. This allows for a variation in the charge and discharge cycles of 
the storage battery and makes it unnecessary to use a filament rheostat in the 
receiver. 

The receiver is designed to cover a frequency range of 17,500 to 15 K.C. ( 17.1 
to 20,000 meters). For average marine service the following coils may be sup-
plied: 

Con 
A 

H ( built-spin fixed coils) 

Frequency-K.C. 
Inrd=r5oo  
8200-12900 
5500-8900 
230-520 
11.0-230 
55-110 
30-55 
15-30 

Wavelenç h4deters 
27.27-17.14 
36.59-23.3 
54.45-33.71 
1304-577 
2727-1304 
5455-2727 

10000-5455 
20000-10000 

Coils E,F and G are not listedabove, thee coils being reserved for any spe-
cial frequency bands which may be desired. 

The combination or a tuned radio frequency amplifier, screen grid detector and 
pentode audio amplifiers permits a hie degree of sensitivity to be obtained. 

1101.36#1: 
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In the high frequency range of the receiver an input of 1 to 2 microvolts* will 
provide a good headphone signal s In the intermediate frequency part of the 
range where modulated signals are frequently used the receiver will provide a 
readable output with a 60% modulated signal having a value of 2 microvolts. At 
the low frequency portion of the range satisfactory C.W. reception may be ob-
tained with signals having a level of only 2 to 4 microvolts. Since the noise 
level due to static, induction, etc., is usually greater than the input values 
mentioned above, it will be evident that the receiver provides ample sensitivity, 

The selectivity characteristics of the receiver may be determined by consider-
ing the following typical examples. Assume the receiver is adjusted to 500 K.C. 
with critical regeneration to receive a 3 microvolt modulated signal. An inter-
fering signal 10 K.C. lower than the desired signal must have a field strength 
approximately 50 times greater than the desired signal before it begins to pro-
duce barely audible interference. Under the same conditions as above, but with 
the interfering sigrull 20 K.C. lower, it must have a field strength 400 times 
greater than the desired signal. 

At 125 K.C. with the receiver adjusted for best regeneration and with a 1 micro-
volt input, an interfering signal removed only b K.C. must have a field strength 
200 times greater than the desired signal before it produces audible interfer-

ence. 

At 8250 K.C. receiving a modulated signal, an interfering signal 20 K.C. off 
resonance must be approximately ô times stronger than the desired signal before 
it produces audible interference. At 40 K.C. off resonance the interfering sig-
nal must be approximately 20 times as strong cs the desired signal to produce 

noticeable interference. 

All of the above data is based on an adjustment where the detector is not oscil-
lating. In the ease of an oscillating detector such as is necessary for C.W. 
reception the selectivity will, in general, be even better than that indicated 

above. 

The component units of the AR-8500 receiver are mounted on a cast aluminum 
chassis to which is attached the main front panel. This complete assembly is 
then arranged to fit in metal box which completes the shielding. The four 
vacuum tubes are mounted on the upper right section of the chassis and are ac-
cessible through a door in the top of the cabinet. Small removable shields are 
provided for the radio frequency amplifier and the detector tubes. Each plug-
in coil assembly consists of 2 coils mounted on a common plate and are arranged 
to plug into a shielded compartment built on the center of the chassis. To 
the left of the shielded compartment for the coils there is mounted a four-
section variable condenser so arranged that more or less capacity is automat-
ically connected in the circuit when the various coils are plugged in. In 
order to minimize difficulties from noisy contacts long connection plugs are 
used to carry the circuits from the plug-in coils to the chassis. These con-
nectors introduce some friction and a coil ejector is provided in the handle of 
each coil assembly. To remove a coil the round button above the handle should 
be held down while the coil is raised by pulling up on the handle. 

The fixed coils (coils H) for the six-hundred meter band are built in a shielded 
compartment on the under side of the chassis. To connect these coils in circuit 
it is simply necessary to pull out the switch handle at the left of the regener-
ation dial. When this switch is pushed toward the panel it will connect in cir-
cuit whatever plug-in coil is in the top of the receiver. By means of this ar-

lefhe microvolt is used in measuring radio field intensity which is the effective 
(root-mean- square) value of the electromagnetic field intensity at a point due 
to the passage of radio waves of a special frequency. The electric field in-
tensity is usually expressed in terms of microvolts per meter or millivolts per 
meter. 

•$• 
V01.3605 
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rangement the operator may instantly change from the 600-meter band to the 2400-
meter band in case coil I is plugged in, or he may change to the 36-meter band 
if coil C is plugged in. 

On the front panel there is provided a vernier tuning control which is a cable 
drive for the main tuning condenser, a trimmer condenser, regeneration control, 
and volume control. There is also a band selector switch to the left of the 
regeneration dial as explained in the preceding paragraph. The antenna and 
ground posts are mounted to the left of the panel. The ground post is not con-
nected to the frame of the receiver so that whenever desired a doublet* re-
celving antenna may be used. This will be found to be of value in reducing local 
interference for short wave reception. Tne volume control is a voltage divider 
used to apply a negative voltage to the control grid of the radio frequency am-
plifier. Volume control obtained in this manner permits a wide range to be 
covered and at the same time affords considerable freedom from overload and 
cross modulation effects due to the variable mu feature of the R.F. amplifier 
tube. 

duffle 

Fig. 8-=Front Panel View of 
AR--8500 Radio Receiver 

Fig. 9--Rear Chassis View of Model 
AR--8500 Radio Receiver 

The " on-off" switch in the center of the panel controls the 6-volt heater cir-
cuit and the volume control potentiometer. It requires approximately 20 sec-
onds for the heaters to bring the cathodes of the tubes up to the normal oper-
ating temperature and for this reason the switch should not be turned to the 
"off" position while transmitting. 

The telepnone jacks are provided in the right-hand section of the panel, the 
jack marked "High" being connected to the second stage of audio amplification, 
while the jack marked "Low" is connected to the first stage. The output im-
pedance for the High jack is 600 ohms and in general it is recommended that 
low resistance ( 120 ohms D.C.) phones be used. For installations where a loud 
speaker is used it is recommended that the speaker be plugged into the High 
jack and 2200-ohm phones used which may then be plugged into the Low jack or 
the High jack. 

All control knobs on the panel are arranged to rotate in the same relative 
direction. Turning the tuning knob to the right ( clockwise ) increases wave--
length and decreases frequency. Turning the regeneration control clockwise 
increases regeneration. The trimmer condenser and volume control operate in 
the same manner. It will be observed that the low numbers on the tuning and 
regeneration dials correspond to the low frequencies and the higher numbers 
to the high freauencies. 

XII doublet antenna is an antenna consisting of two elevated conductors substan-
tially in the same straight line, of substantially equal length, with the power 
delivered at the center. 

Vol. 36#15 
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The complete circuit diagram of AR-8500 is shown in Figure 7 and the front and 
rear views of the Receiver are presented in Figures 8 and 9. The input coil 
for the grid of the R.F. amplifier contains a coupling coil and a tuned grid 
coil. The coupling coil is designed for each frequencyband so that the coup-
ling increases with wavelength. The plate circuit of the B.F. amplifier is 
also tuned and is coupled through a condenser to the grid of the detector. The 
range selector switch, Item 39, controls the various circuits for the plug-in 
coils and the fixed coils. A tickler coil is coupled to an amplifier plate coil 
and regeneration or detector oscillation is controlled by means of variable 
condenser, Item 3. Particular care has been directed in the design of this 
part of the circuit with the result that smooth regeneration is obtained and 
the use of excessive regeneration will not cause undesirable howling in the 
headphones. The audio voltage built up in the detector plate circuit appears 
across a 50,000-ohm resistor, Item 10, and is then coupled through a low pass 
filter network to the grid of the first audio amplifier. 

Resistance coupling is used between the plate circuit of the first audio stage 
and the grid circuit of the second audio stage. The output from the 238 second-
stage amplifier is connected to the "High" telephone jack through an output 
transformer, Item 32. The output of the first audio stage is connected to the 
"Low" jack through a coupling condenser, Item 27. No D.C. voltages exist on 
either phone jack. 

While the general operation of the Receiver is quite similar to that usually 
employed in regenerative receivers, there are certain points in the AR-8500 
which deserve special attention. 

Careful adjustment of the amplifier trimmer condenser and the regeneration con-
denser will be found to produce excellent performance when receiving weak sig-
nals under conditions of interference. In any receiver used for C.W. work with 
an oscillating detector it is necessary, of course, for the detector to be ad-
justed to a frequency differing by 500 or 1000 cycles from that of the B.F. 
amplifier. In other words the detector circuit is never tuned to exactly the 
frequency of the incoming signal, for if this were done zero beat* reception 
would result. Consequently the AR-8500 has been provided with a trimmer con-
denser for the amplifier grid so that this circuit may always be tuned exactly 
to the desired signal while the detector is tuned slightly off to produce an 
audible beat note. 

It will be found that the best setting for the regeneration condenser is influ-
enced by the adjustment of the trimmer condenser. The rule to follow is always 
to use sufficient regeneration so that the amplifier trimmer condenser may be 
tuned through maximum without causing the detector to stop oscillating or drop 
into zero beat. When searching for a signal the correct adjustment of the re-
generation control and the trimmer condenser may be checked easily by noting 
the increase in noise level es the trimmer condenser is turned through resonance. 

On the front panel of the Receiver to the left of the regeneration knob will be 
observed a small switch marked G4-1). This switch controls a resistor in the 
cathode circuit of the detector and provides in the " G" position grid leak de-
tection and in the ttpt, position grid bias detection for small input signals. 
In general for maximum sensitivity this switch may be left in the " G" position. 
When operating on intermediate or low frequencies under conditions of interfer-
ence it will be found that the selectivity is improved by throwing this switch 
to the ttptt position. When used in the 7?" or grid bias position the damping 
effect of the detector grid circuit on the preceding tuned circuit is reduced 
and the selectivity thereby improved. 

Reasonable care should be exercised in removing or replacing the plug-in coils 
so that they are not damaged by rough handling. When removing a coil it should 

PC----75.--Fe-EW-ZerFEcurs when two frequencies, such as the incoming and the locally 
generated, are of the same frequency, resulting in no beat frequency. 

Vol. 38#15 



GROUND ...•••••13. 

•«M» 

• 

1 

1.- R.F. Amplifier Coil 2.- Detector coil 

3.- R.F. Amplifier Grid Tuning Condenser 

4.- R.F. Amplifier Plate Tuning Condenser 

5.- Regeneration Condenser 

6.- R.F. Amplifier Cathode By-Pass Cond, 

R.F. AMP 

58 

.01 M 

I • 7IF. 
UFO. 7 

I6 HE' Os mFD. 

•••II•I•Me. 

«1111. 
•  1 

eZ, 

1\4 

1 frAFD IMFD, 

37 37 
•I•MIN0 
•IM1 

20 

=.00015 
o 10 MFD 

«imam 

«MOO 

• 

10 
MFD 

MO 
odmFD 

•••• 

IMO 

DETECTOR 

.01 WO. 

9 
.01 
AMD. 

3 `4 

12 

1.5r AUDIO 

L4FD. 

25 

.00025 

.ffe 

I I" 

24 

M•••• 

13 

2ND AUDIO 

.01 MFP. 

 It • 
15 

101 
28 29 

»mu. 
•••• 

1002 WO. 

17 

/00 00 
ewww 

22   
50,000 50,000 

 wwwor  

200 26 
MFD 

anniumb 

••••• 

26 

/1/611 2frio AVOW 
 ommumcv 

35 

  34  

COW Isr 
AUDIO 

••MeM•I• 

MM. 

• 

  46.n. 

36 31 

2 

TOP OF SOCk'ETS 

LET. 1ST AUDIO 

00 

OP C 
SC SP 
o 

2ND AUDIO 

Fig. 10--Cirouit Diagram 

of Model AR--8b01 
Short Wave Receiver 

11.- Grid By-Pass condonser --First Audio 

12.- Grid coupling condenser -- First Audio 
13.- cathode By-Pass condenser --First Audio 

14.- phone coupling condenser 

15.- coupling condenser 

7em R.F. Amplifier screen-Grid By-Pess Cowl, 16.- cathode ny-Pass Condenser --Second Audio 
8.- Detector Control-Grid Condenser 17.- Plate By-Pi ss Condenser --:-;econd Audio 

9.- Detector screen-Grid By-Pass Condenser 1164 •- 
10.- Detector plate By-Pass Condenser 20.-

Filter condensers. 19.- R.F. Cathode Res 

R.F. Screen-Grid Res.21.1.Det, Grid Leak 

+22i 

-6 - 8 
+6 o 

+90 

18  u1m8 

?WI 

22e- R.F. Plat.° Resistor 
23em 
24.-

26.-

27.-

28.-
29. 

30.-30.-

freD. 

Detector 



1? 

be lifted vertically until completely out the cabinet. When inserting a 
coil it should be held so that the name l_late is toward the front panel. Dowel 
pins are provided so that the coil cannot be inserted in the wrong position. 

Looking down through the tube door the three tubes in a row are Type 239. The 
fourth tube to the right is the 238 second audio amplifier tube. The shields 
over the R.F. and detector tubes should always be replaced when tubes are 
changed and care taken not to ground the control grid connection at the top of 

the tube. 

Due to variations in tubes it will sometimes be found that better control of 
regeneration is obtained with a selected tube. If it is found that insuffi-
cient regeneration is obtained over the range of any one coil or if the regen-
eretlon is excessive, changing detector tubes will correct the trouble. 

Model AR-8501 Radio Receiver --The following instructions cover a short wave 
receiver designed primarily for marine applications. Several important features 
not heretofore available are provided by this receiver. A frequency range of 
5 to 18 megacycles* ( 60 to 16.6 meters) is covered by the use of three pairs of 
plug- 111 coils wound on Isolantite forms. Special coils to cover other frequency 
bands may also be furnished if ordered. Variable mu pentode tubes are used, 
permitting high sensitivity end considerable freedom from interference. A 
single control for the tuning elements of the receiver is provided. 

The receiver should be installed so that the various controls on the front panel 
are within convenient reach for the operator. The input binding posts are lo-
cated in the receiver at the extreme left end and may be connected to a suita-
ble doublet or a conventional antenna and ground. It is preferable? to use a 
doublet with the lead-in portion inside the radio room shielded, and this shield 
brought down and clamped to the receiver case by means of a metal clamp located 
neer the input binding posts. 

The A and B battery leads should preferably be run in shielded cable and the 
shield thoroughly grounded. Five conductors are required for the power supply, 
consisting of plus 6, minus 6, minus B, plus 22-1/2 and plus 90 volts. The 
receiver terminal board is located in a horizontal position in the rear right 
corner of the chassis and is readily accessible. 

The B supply should consist of a heavy duty 9C- volt battery with B tap at 221 
vols. The total drain from this battery is approximately 2 milliamperes. 

A 6- volt storeee battery should be used for the A supply. The drain on tnis 
battery is 2 amperes. The minus 6- volt supply should be well grounded. 

The receiver cabinet is furnished normally with four Lord rubber shock mounts. 

A total of 4 tubes are used in the receiver, consisting of 3 RCA Radiotrons 58 
and 1 RCA Radiotron 56. The arrangement of these tubes in the circuit is as 
follows: One 58 as radio frequency amplifier. 

One 58 as regenerative detector. 
One 58 es first audio amplifier. 
One 56 as second audio amplifier. 

These tubes are the indirect heated cathode type, each heater requiring 2.5 
volts and 1 ampere. The 4 heaters are connected 2 in series and 2 in parai-
lei, requiring a supply of 5 volts and 2 amperes. A small fixed resistor is 
mounted underneath the chassis to provide a 1.-- volt drop, thereby permitting a 
6-volt storage battery to be used. Due to ample emission from the cathodes 
and the very small plate current required by the receiver no regulation of the 
filament circuit is necessary over the normal charge and discharge cyoles of 
the storaee battery. 

1COne megacycle equals 1,000 kilocycles. 

Vol.36#15 
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Normally 3 pairs of plug-in coils are supplied to cover the following fre-
quency bands: 

Coil Frequency---M.C. 
12-18 
9-14 
5-9 

Wavelength--Meters 

33.3-21.4 
60-33.3 

For reception of the marine high frequencies at present used by coastal sta-
tions, it is recommended that the coils be used as follows: 

Use Coil " C" for 5, 6 and 8 megacycle reception. 
Use Coil "B n for 11 and 12 megacycle reception. 
Use Coil "A" for 16 megacycle reception. 

The circuit diagram of this receiver is shown in Figure 10, and the front cab-
inet and rear chassis views appear in Figures 11 and 1E. The input circuit 
for the grid of the R.F. amplifier contains a coupling coil and a tuned grid 
coil. The coupling coil is designed for each frequency band so that the coup-
ling increases as the longer wave coils are placed in circuit. The plate cir-
cuit of the R.F. amplifier is tuned and is coupled through a condenser to the 
grid of the detector. A tickler coil coupled to the amplifier plate coil per-
mits regeneration, which is controlled by means of a variable condenser. Par-
ticular care has been directed in the design of this part of the circuit to 

Fig. 11--Front Cabinet View or Fig. 12--Chassis View of Model 
Model AR--9501 Radio Receiver AR--6501 Radio Receiver 

obtain smooth regeneration with freedom from backlash. The audio voltaee built 
up in the detector plate circuit appears across two 50,000-ohm resistor; con-
nected in series, Item 26, and is then coupled through a low pass filter net-
work to the grid of the first audio amplifier. 

Resistance coupling is used between the plate circuit of the first audio stage 
and the grid circuit of the second audio stage. The plate circuit of the sec-
ond audio tube is connected through the telephone receivers to plus 30 volts. 
The tip of the second stage telephone jack connects to plus 90 volts and the 
sleeve of this jack connects to the plate of the tube. The polarity of the 
cords from the headphones should be arranged with this point in mind so that 
the second stage plate current passes througn the phones in the correct direc-
tion. 2,2CC-ohm headphones should be used with this receiver for best results. 

A trimmer condenser is provided on the panel ana is connected in parallel to 
the R.F. tuning condenser so that exact line-up may be maintained between the 
two tuned circuits. 

Volume control is accomplished by means of a 10,000-ohm variable resistor con-
nected in the cathode of the R.F. amplifier. As this resistance is cut in cir-
cuit it increases the negative grid bias on the R.F. amplifier, thereby reduc-
ing amplification. 

Shields are provided for the R.F. and detector tubes. These shields should be 
kept in place for best results. 

A time interval of approximately 20 seconds is required for the cathodes to 
reach their normal operating temperature. The filament switch, therefore, 
should not be turned off during transmission. 

Vol. 36#15 
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Wavelength is increased by a clockwise motion of the tuning dial, which corres-
ponds to a counter clockwise motion of the Vernier driving knob. Regeneration 
increases in a clockwise direction and volume increases in a like direction. 
Higher numbers on the tuning dial correspond to higher frequencies. 

The top door of the cabinet which provides access to the tubes and coils swings 
through a radius of 8". When the receiver is mounted on shock supports the 
height is increased approximately 1-1/4". The weight of the receiver is approx-

mately 20 pounds. 

A four- compartment coil box is provided so that two pairs of coils may be 
stowed. This coil box is designed so that it may be mounted on the bulkhead, 
on the right end of the receiver cabinet or on the lid so that the four coils 

face the operator. 

A card -holder for a calibration chart is provided on the front panel. The var-
ious marine frequencies should be recorded and the various dial settings en-
tered on this chart. 

EXAMINATION QUESTIONS 

1. Draw a schematic diagram of the type IF-501 commerical receiver and label 

the parts. 

2. In concise tabulated form write all of the steps necessary to place the 
IP-501 receiver in practical operation to receive a C.W. signal. 

3. In brief, how should the receiver be adjusted first to tune in a spark 
signal, and second, to tune in a C.W. signal? 

4. ( a) How is the tickler coil connected and in general what positipn should 
it occupy to provide maximum " feed-back" of plate energy? ( b) If the circuit 
failed to oscillate what might be the probable cause or causes? 
(e) Suppose you are on a radio watch and your receiver is tuned to pick up a 
distant spark station and the signals came in with considerable distortion. 
Whet do you think would be accountable for this condition and how would you 
remedy it'? 

5. ( a) Are there any practical considerations in regard to the amounts of in-
ductance and capacity to be used in the tuned circuits when manipulating the 
control knobs to tune in a signal? ( b) Is it of any particular advantage to 
know the theoretical operation of a tuned circuit in order to be capable of 
adjusting such a circuit to the best advantage in commercial operating? 
Explain briefly. 

6. ( a) Is it always necessary to employ extreme close coupling between 
primary and secondary to obtain a good readable signal? Why? ( b) When is the 
series antenna condenser used and haw may it be cut out of the circuit? 

7. Give some general advice in regard ta tuning a commercial receiver to a 
certain incoming signal. ( Be brief in your reply, but answer this question as 
though you were instructing a fellow-operator in the best practical methods 
necessary to accomplish this important assignment). 

8. ( a) What is meant by " stand-by" adjustment? ( b) How is coupling altered? 
(c) What causes the "double-click" heard in the phones and how does this test 
for critical coupling? 

9. Draw a schematic diagram of the Model AR-8500 Radio Receiver. 

10. In what respect does the AR-8501 Radio Receiver differ from the AR-8500? 
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SELF RECTIFYING TYPE TUBE TRANSMITTER 

ilEQ.P•T.  3628 Tube_Transmitter• Vacuum tube transmitters are rapidly re-
placing spark and arc sets because of two reasons: 

1. They are capable of covering much greater distances with less 
power. 

2. They emit a sharper ( less interfering) wave than either the 
spark or arc. 

The E.T. 3628 is one of the standard transmitters now in use on many ships 
and in a few coastal stations. A vast amount of radio transmitting apparatus 
has been installed on ships since the birth of radio communication and while 
the advancement in radio has progressed, there was a limitation set, naturally, 
in the discard of older types to accommodate the more efficient newer types. 
Towards the relief of such an expensive change the Radio Corporation of America 
designed the E.T. 3628 tube set which utilizes much of the apparatus used in 
the old standard P-8 spark transmitter that we have just recently studied. 
The .E.T. 3628 is often referred to as the "Converted P-8". In this lesson we 
show the changes made and if the student will stii-4r this assignment with the 
lesson on spark transmitters the instruction will be clear. 

All connections to the motor-generator and automatic starter are the same as 
for the P-8 spark set. The method of Keying, (by breaking the primary cir-
cuit of the power transformer) is exactly the same as used with the Pm8 in-
stallation. Power regulation by means of generator field and motor field 
rheostats is the sabre. The connections to the wattmeter and antenna ammeter 
are also the same as used with the P-8 spark set. Instructions and diagrams 
given in the lesson on spark transmitters should be followed so far as any 
of the above mentioned circuits are concerned. 

The conversion of the P-8 spark transmitter is made by removing the following 
parts: The quenched gap panel, airduct, primary condenser rack, coupling shaft 
and scale, rotary gap disc and muffler, change-over switch and adjusting handle, 
and all upper contact studs on the wave-changer panel. Also the primary re-
actance is permanently cut out and the primary inductance ( pancake coil) is 
removed and replaced with the drum wound helix type called the " tank induct-
ance", as shown in the photograph, Figure 1. 

The tube cradle holding the two UV-204-A's is then installed and protected by 
a panel screen as shown in Figure 2. The filament by-pass condensers are 
mounted on the rear of the panel in a position directly in back of the fila-
ment voltmeter as shown in Figure 3. A large board holding the choke coil 
and condenser assembly is put in the place formerly occupied by the spark con-
denser rack. On this board are the grid leak resistor of 4,000 ohms, grid ref. 
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choke and the large plate excitation condenser on either side of which are 
mounted the two smaller plate blocking condensers. The two plate r.f. chokes 
are secured to the bottom of the board toward the rear. 

The primary wave-changer panel is drilled for two additional contact studs 
and five flexible leads are connected, thus providing for a five-wave position 
holder. The circuit is the conventional Colpitt's oscillator type using flex-
ible inductance leads making five wavelengths available as indicated in the 

schematic diagram of Figure 4. 

The open oscillatory circuit of the E.T. 3628 is substantially the same as 
the P-8 except that the secondary inductance has only one variable tap which, 
after calibration, remains in a fixed position for all wavelengths. The 
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spark transformer is replaced with a mid-tapped transformer. A filament volt-
meter is mounted on the panel whereas the filament rheostat which controls 
the output of the a-c. rotary converter is usually placed on or near the 
operator's table. The mid-point of the filament transformer and mid-point 
of the plate transformer are joined with a heavy No. 12 gauge lead-covered 
wire which is connected to the ground. 

Theory of Operation. Self-rectif in Tube Transmitter. The self-rectifying 
circuits may UU-71771nd into the o ow ng tw5 c asses: 

1. Those employing one tube and utilizing only one-half of the a-c. 
cycle. 

2. Those using both halves of the a-c. cycle by employing two tubes 
arranged symmetrically so that each tube operates alternately 
during the positive alternations of the a- c. cycle. The latter 
type is utilized in the E.T. 3628 described in subsequent para-
graphs. 
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Tunin. The transmitting key is depressed and the power adjusted to ¡is-kw. 
w Ile watching the tubes tor heating and sparking. If any one of the tube 
plates heat up badly, shut down the motor.-generator and check over all con-
nections, ascertaining if they are made to proper points and if they are clean 
and bright. This applies particularly to the wave-change switch arms. If 
trouble still persists, check through each unit of the transmitter. When 
clean, place the wave- changer switch on the first position and measure the 
wavelength with a wavemeter coupled to the tank inductance. Vary the clip on 
this coil until the desired wave is found. Then resonate the open circuit 
in the usual manner, using about two turns in the secondary inductance. The 
resonance point indicated by maximum antenna current is much sharper than is 
the case with a spark set and may be passed over unnoticed if the tuning is 
not done slowly and carefully. 

The Number of Turns in the Secondaw Inductance. Care must be taken not to 
include too many friFils, resulting in too clem-67F-Coupling, in order to avoid 
the undersirable effect of " split" tuning. When this condition obtains 
radiation may be law, and the wavelength will " swing" sharply from one value 
to another without warning or visual indication to the transmitting operator 
as the radiation is the same in both frequencies. The receiving operator, 
however, gets only the dots and dashes transmitted on the wavelength to 
which he is tuned and does not hear the others. There are two indications 
of split tuning to be watched for by the observer as outlined below. If the 
radiation increases evenly as the ATI ( aerial tuning inductance) is brought 
slowly up to the resonance point by turning the handle and radiation decreases 
evenly as the ATI is moved past this point, then the set is radiating on 
one wave. If, however, radiation falls off suddenly and sharply as trie criti-
cal point is passed, it is an indication that two waves are being emitted 
and that the coupling is too close. A change in coupling is obtained by 
altering the number of turns used on the secondary inductance by going over 
the ribbon wire inch by inch with the clip very carefully, until a suitable 
point is found. Coupling is not changed by varying the distance between the 
two inductances as in the case of the spark transmitter. Another method of 
detecting split tuning is to note the point on the ATI scale at which reson-
ance is reached. Move the ATI slider along the wire perhaps two or three 
turns past this point. Then bring it back to resonance. If the second 
resonance point differs from the first, reduce coupling until they agree. 
Antenna current of 10 to 12 amperes may be expected with average conditions 
on likw. power input. The power input must not be allowed to exceed 14-kw. 
The safety gaps on the transformer secondary terminals should have 3/16" 
clearance. Make all calibration adjustments on low power, i to i kw. 

Suggestions. The three choke coils have similar characteristics and are inter-
changeable. If trouble develops in either plate choke coil remove the choke 
in the grid leak circuit and install it in place of the defective plate choke. 
The grid leak choke terminals may be jumped as this choke may be dispensed 
with for emergency operation. Emergency choke coils may be made up of two 
400-turn honeycomb coils in series, or their equivalent. 

If the antenna has not already been reinsulated with standard porcelain insula-
tors, this should be done as the old hard rubber straps and rods are not sat-
isfactory for CW. One porcelain insulator should be used in each halyard and 
rod insulators in the spreader guys. If a two-wire antenna is used, one por-
celain insulator should be placed in each end of each wire, which will make 
it unnecessary to use any insulation in the bridles or guys. 

Go over all connections periodically. It is of the utmost importance that 
the resistance of the antenna and ground system be reduced to a minimum. If 
the antenna wire is not in.good condition it should be renewed and all con-
nections made thoroughly tight. Instances of swinging signals from E.T. 3628 
transmitters have been traced to faulty antenna construction, unnoticed on 
spark transmitterse but showing up very badly with CW transmitters. The antenna 
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should be secured as rigidly as possible to eliminate capacity changes and 
consequent swinging of signals. If the regular standard deck insulator is 
not in first class condition, it should be replaced with a porcelain type deck 
insulator. The ground connection should be given special attention. It is 
suggested that at least three ground leads be run to different points in the 
hull or bulk-head, making sure that there is a direct metal connection be-
tween the bulk-head to which the ground lead is attached and the hull of the 
ship. Full advantage should be taken of all conduit pipe, heating system 
piping, and so on, utilizing these to supplement other ground points. 

In any emergency due to failure of the motor-generator set or component parts 
the Converted P-8 transmitter can be operated from the  120--volt  storage battery 
bank by placing the six-pole dótinéfrow &iv-Itch, located in the charging 
panel, in the "discharge" position which is to the operator's right when facing 

the charging panel. 

Communication could be carried on with this transmitter in the event of either 
one or both oscillator tubes becoming damaged and spares unobtainable. A 
cAálliege tube could be re=ved from the rack and the set operated with the 
remaining tube functioning as a half-wave oscillator. In case both tubeF were 
reum to be destroyed the circuit could be easily altered to tali-e--the CAD= 
of a typical antenna spark2discherge, where the antenna system is excited 
through direct connection to the outside terminals of the plate transformer 
secondary; the whole being connected across a small open gap. In order to 
accomplish this changeover, the vacuum tube circuit is completely removed 
from the plate transformer by disconnecting all three leads, the two attached 
to the outside ends and the one coming from the mid-tap. The safety gap re-
mains connected across the secondary to serve in the capacity of a plain-
antenna spark discharger. The antenna is attached to one end of the trans-
former and the ground to the opposite end. The mid-tap is left free. Each 
time the transformer voltage builds up sufficiently high to overcome the 
resistance of the gap a spark discharge takes place causing radio-frequency 

oscillations to traverse the open radiative system. However, the distance 
between the electrodes of the safety gap must be adjusted so that a spark dis-
charge will occur at the "peak" voltage of the transformer secondary output. 

Placl_nz the E.T. 3628 Into Operation. Before starting the 2-kw. motor-genera-
tor be surethaf the motor án1 generator field rheostat controls on the panel 
are at lowest points and also adjust the filament rheostat resistance for 
minimum voltage. To start the set close the main line d-c. switch on the 
panel and direct current will then flow to the motor field windings. Next 
press the automatic starter button or throw the antenna change-over switch 
to the transmitting position. The direct current line is now closed through 
the starting solenoid, marked on the photograph in Figure 2, causing the 
plunger bar of the automatic starter to raise. The plunger bar moves up 
slowly, short-circuiting each one of the motor armature starting resistances 
in succession as it touches the finger contacts. This operation is necessary 
in order to prevent an excessive current flow through the armature when start-
ing. The starting resistances compensato for the lack of sufficient counter 
e.m.f. until the armature attains full speed. The direct current line to the 
motor armature coil is closed, however, only when the bar touches the first 
finger and at this moment the armature will begin rotation. From this point 
on, the armature continues increasing in speed until the bar reaches its 
uppermost position, after which the speed remains constant. The motor speed 
may be changed by moving the slider of the field rheostat up or down, as the 
case may be. When the bar makes contact with the last finger on the right, 
current flows to the generator field through the lcw power resistor ( shunted 
by a SPDT switch and the field rheostat). These latter devices regulate the 
a-c. output of the generator. The rotary converter used for filament exclta-
tion is set into operation when the antenna change-over switch (" sendmrecoive" 
switch) is placed in transmitting position. Adjust the filament rheostat 
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until the filament voltmeter reads 10 volts. Now close the a-c. main line 
switch and place the wave-changer switch on the desired wave. This should be 
followed by depressing the transmitting key and at the same time turn the 
aerial inductance handle which controls the sliding contact, until a maximum 
deflection is recorded on the radiation ammeter scale. This method for fine 
tuning permits the best conditions of resonance, between the closed and open 
oscillation circuits, to be obtained. It is advisable to repeat this adjust-
ment when operating on any of the five wavelengths. Do not change the wave-
lengths while the key is depressed. When the maximum antenna current is ob-
tained and with the wave-changer on the desired wave, the key may be operated 
for the transmission of messages. The set is stopped by pressing the push 
button " starto-stop" switch. 

As previously mentioned the power is regulated by the generator field rheostat 
and in no case should the wattmeter be permitted to read higher than likw. 
The singleffl-pole switch shunted across the low power resistor should be open 
when communication is established with nearby coastal stations in order to 
minimize interference. 

The main line d-c. switch should be open when the set is not in operation 
because the motor fields are permanently connected across the line when this 
switch is closed. With the d-c. switch closed, current feeds to these coils 
continuously regardless of whether the motor generator set is running or idle. 

FUNCTION OF PARTS 

The antenna radio-frequency ammeter indicates maximum deflection when circuit 
resonance is eztablished with the tank oscillatory circuit. 

The loadin.-5- inductances permit the antenna to be resonated with the closed 
circuit at the five wavelengths available. 

The aerial tuning inductance is a continuously variable inductance having a 
sliding clip which can be moved by rotating the topmost handle on the front 
of the panel. The inductance can be increased or decreased inch by inch 
permitting a critical resonant adjustment to be obtained on all waves. 

The priraary inductance, called " tank inductance" or " plate coil", is used 
for obtaining the correct amount of inductance for a certain capacitance in 
the excitation condensers to promote the generation of continuous oscilla-
tions. Also, the tank inductance, being mutually related to the secondary 
inductance, functions to transfer part of its energy by electromagnetic in-
duction to the open antenna circuit, thus setting the latter into excitation. 

A plate excitation condenser of . 002 mfd, capacity is connected in series 
with the grid excitation condenser and tank inductance forming the closed 
oscillatory circuit. The plate condenser couples the output circuit or 
plate to the input or grid. 

The grid excitation condenser of . 014 mfd. capacity supplies the grids of 
the oscilliator tubes with a radio-frequency alternating voltage obtained 
froT U.e radio oscillations flowing in the tank circuit. This is known as 
the " feed-tack voltage". It is seen from the diagram that the voltage drop 
impressed between grid and filament of the tubes is obtained through the two 
leads connected across only a portion of the total primary capacitance, i.e., 
the portion represented by the grid excitation condenser. This is a con-
ventional Colpitt's oscillator circuit. The total capacity of the tank cir-
cuit is represented by both the grid and plate excitation condensers in 
series. Tuning, this circuit to any required frequency is accomplished by 
varying the flexible leads on the primary inductance for any of the wavelength 
positions as designated. 
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The plate blocking condensers, of . 001 mfd. capacity each, prevent the plate 
d-c. voltage supplied by the plate transformer from being applied directly 
to the grids of the tubes. These condensers are intended not only to isolate 
the d- c. circuit from the oscillating a-c. circuit, but they must offer a low 
reactance to the high-frequency component of the plate current and thereby 
serve as.a by-pass path for this oscillating energy from the plates to the 
tank circuit. The plate supply system or power transformer secondary would 
be short-circuited if these condensers break down. The plate current flows 
through the plate r.f. chokes and the transformer secondary. 

The plate radio-frequency choke coils keep the high-frequency current from 
backing into the power transformer circuit which would result in severe 
losses of energy. In this way the maximum flow of radio energy is maintained 
in the tank circuit. 

It will be noticed that the radio-frequency chokes are not single-layer wound 
coils, but have a special form of winding. This construction was found neces-
sary in order to prevent trouble due to burned-out chokes. The burning cur-
rents were frequencies of some even multiple of the fundamental or operating 
frequency of the transmitter. Because of the special winding, the chokes 
possess a greater amount of inductance and less distributed capacitance than 
the ordinary single- layer wound coil. To damage these special type chokes 
would require frequencies other than those that might possibly be generated 
in the circuïts in which they are contained. 

A filament heating transformer steps down the a-c. voltage to about 13 volts, 
no load. The filament rheostat permits the adjustment of the filament voltage. 

A filament a-c. rotary converter receives d-c. power from the 110q-volt d-c. 
line and delivers alternating current at 60 cycles to the primary of the 
filament transformer. 

The grid leak resistance of 4000 ohms, connected in common to the grids of 
both oscillators, maintains the correct negative bias for stable operation. 

A grid r.f. choke prevents losses through the grid leak circuit, i.e., high-
frequencies which flow from the grid excitation condenser. The largest 
amount of this energy fed back from the plate circuit is necessary for build-
ing up a maximum alternating voltage on the grids to promote the generation 
of continuous oscillations. Also the grid choke will prevent ultra high-
frequency or parasitic oscillations from being generated. The frequency of 
such oscillations, if allowed to occur, is governed by the plate to grid 
capacity of the two tubes in series and the inductance of the connecting leads. 

The filament by-pass condensers allow the radios-frequencies to flow between 
the filament and tank circuit without opposition. Without these condensers 
the only other path provided would be through the windings of the filament 
heating secondary. These windings naturally would offer a high inductive 
reactance due to their turns and the presence of the iron core. 

The plate power transformer is of the closed core type, and receives a low 
voltage 50q•cycle current from its secondary, the opposite ends of which are 
connectne to the plates of the oscillator tubes. Each tube alternately 
receives a positive and a negative voltage during successive cycles. Only 
the tube receiving a positive voltage at any particular time is active in 
permitting the flow of plate current. -The plate voltage continually changes 
in strength at the low frequency ( 500 cycles) causing the generated contin-
uous oscillations to vary, their amplitude in like manner. This is called 
"Une or modulated" C,IPied The primary -Eircuit of the plate power transformer 
includes the transmltting key, wattmeter, and a- c. generator. 
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The hand transmitting key closes the generator a-c. circuit and energizes the 
plate transformer which in turn supplies the plate potentials necessary to 
set the vacuum tube circuit into oscillation. 

The circuits or the motor-generator, automatic starter, and type “I" antenna 
switch are similar to those described in the lesson on spark transmitters, 

A five•position wave-changer switch changes the wavelength of the closed 
oscillatory circuit or tank circuit simultaneously with the open radiative 
circuit; both contact arms are connected mechanically as indicated by the 
dotted line in the schematic diagram, Figure 4. 

Tuning. Splitfmtuning jndications. Whenever calibration of the Converted 
P-8 is performed the power should be adjusted to about i kw. and the tubes 
constantly observed during the process for heating and sparking. A rough 
tuning adjustment is first taken by placing the wavechanger switch on the 
lowest wavelength position and, with a wavemeter held near the tank in-
ductance, measure the wavelength. ( Note: The theory of operation of a 
wavemeter is given at the end of this lesson). The wavemeter condenser 
should be moved very slowly in order not to pass the exact point of reso-
nance. The tank inductance is provided with only one clip which should be 
varied until the desired wavelength is obtained. This procedure is to be 
followed by resonating the antenna circuit to the primary or tank circuit. 
The adjustment is to be considered satisfactory when a maximum reading is 
obtained an the antenna ammeter. When tuning the antenna circuit care must 
be taken not to include too many turns on the secondary coil. It will be 
found that about two turns gives a sufficient amount of inductance for the 
proper transfer of power, and yet will not result in too close coupling be-
tween the primary and secondary circuits, a condition that usually produces 
an effect called " split tuning". It is essential that a transmitter be 
cleared of such an undesirable condition, providing it exists, because the 
frequency of the emitted signal will " swing" sharply from one frequency to 
another. The operator at the distant receiving station could only intercept 
the signals upon the frequency to which his receiver circuit is tuned and the 
other frequency, when the signal swings, could not be heard. 

In order to detect the presence of split tuning the following two tests 
should be employed. First, the transmitter is in correct adjustment ( i.e., 
only one frequency or wave is being radiated) when the antenna ammeter 
reading increases steadily while the open circuit is brought to resonance 
by turning the handle on the front of the panel marked "aerial tuning in-
ductance", and if after the resonance point is passed the ammeter reading 
is again seen to decrease steadily. On the other hand, it may be accepted 
that two frequencies or waves are being radiated ( i.e. split tuning) if 
the ammeter reading drops suddenly after the critical point or highest 
reading is passed. It may be assumed that the split tuning effect is due 
to tight coupling and this trouble may be corrected by changing the coupling. 
This is accomplished by altering the amount of secondary inductance used by 
very carefulli going over the ribbon wire inch by inch with the clip until 
a suitable point is found and not by varying the distance between the two 
coils, they being in fixed mechanical relation to each other. The person 
performing the calibration must not touch any wiring or clips when the 
transmitting circuit is active. Second, another test for determining split 
tuning is to mark the resonant point on the aerial inductance scale while 
the handle is turned in one direction, and after passing the resonant point 
by two or three turns of the handle, reverse the direction and return to 

resonance and again mark the scale. If the two marks do not coincide the 
coupling should be reduced until they do. 

After the calibration is completed on law power, the power can then be in-
creased to normAl and an antenna current of about 10 amperes is usually 
obtainable. In order to provide adequate protection to the transmitter 
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apparatus the clearance between the safety gaps on the plate transformer 
secondary are to be set at 1/16th inch. 

Practical Suggestlom. The connections in the transmitter and power units 
should be gone over occasionally and at such times the antenna and ground 
system should also be inspected. While ordinary faults in an antenna system 
used with a spark transmitter do not lower the efficiency to any appreciable 
extent they do become troublesome with a C.W. transmitter. In order to 
maintain the resistance of the antenna at a minimum the ground lead should 
make a clean metal connection with the hull of the ship. Two or three ground 
leads are generally required and these may be easily traced to their actual 
locations whether they be made on the hull, bulk-head, conduit pipe or heat-
ing system piping. 

The old herd rubber straps and rods which insulate the antenna are generally 
replaced with porcelain insulators whenever C.W. operation is to be employed. 
The porcelain insulators inserted in each end of the one or two wires forming 
the horizontal elevated portion of the antenna, those in each halyard, and 
the porcelain deck insulator should all be carefully examined for cracks 
or chips in their surfaces which would allow the insulators to absorb 
moisture. 

In the transmitter proper all of the three r.f. chokes have similar character-
istics and are interchangeable. If trouble develops in either plate choke 
coil remove the choke in the grid leak circuit and install it in•place of the 
defective plate choke. The grid leak choke terminals may be jumped as this 
choke can be dispensed with for emergency operation. Emergency choke coils 
may be made of two 400-turn honeycomb coils in series, or their equivalent. 

Maintenance. The filament rotary converter should be kept oiled and commu-
tators clean. All parts of the transmitter must be protected from water and 
spray and kept clean and dry at all times. The bakelite panel and rods and 
the treated maple boards used in the set should, in particular, be wiped off 
with a dry cloth every day. Should the transmitter accidentally get wet, it 
should not be started until it has been wiped off and the insulation and choke 
coils have become thoroughly dry. The bearings of the 2 kw. motor-generator 
should be kept oiled and the commutators clean and free of sparking. 

Should it become necessary to change tubes, this should be done carefully to 
prevent breakage. Tubes taken from the set should be immediately placed in 
the containers from which spare tubes were removed. 

Troubles and Remedies. The circuit used is very stable and can be relied 
upon to operate satisfactorily under all conditions where the apparatus is 
not defective, except two conditions, as follows: 

1. The oscillations will not start when the key Is closed if there 
is a poor connection in the tank circuit or an intermittent 
breaking down of the tank circuit insulation either to ground 
or in the condensers. 

2. When the antenna coupling is too tight the maximum antenna 
current cannot be obtained as the tank circuit will shift 
frequency when approaching resonance of the antenna circuit. 

When the antenna is small, or the resistance very low, it will be found that 
the maximum output may not load the tubes to their full rating and, under 
these circumstances, no attempt should be made to increase the loading by 
over-voltage or change in circuits other than careful tuning and use of 
proper value of coupling. 

The coupling is varied by means of changing the number of turns in the 
secondary inductance instead of by varying the distance between the primary 
and secondary coil. 
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Signals from these transmitters may swing slightly in rough weather due to 
the rolling of the ship, changing the antenna capacity. The antenna should 
be pulled taut to minimize this as much as possible. However, should ex-
cessive swinging be complained of, it will probably be because the secondary 
circuit is too closely coupled to the primary. The coupling should be loosened 
by decreasing the number of turns used in the secondary of the oscillation 
transformer. Usually not more than two or three turns are required on this 
coil for proper coupling. Any change in the number of turns used in the 
secondary coil must be compensated for by a corresponding change in the aerial 
inductance to bring the set back into resonance. 

Burned Out Filament Converter, Filament Transformer or Filament Rheostat. 
Disconnect all of these units and connect filament terminals directly to a 
five-cell lead-acid storage battery which will supply approximately the right 
filament voltage. Leads formerly connected to the mid-tap of the filament 
transformer should be connected to the negative side of the storage battery. 
The regular filament rheostat cannot be used with a storage battery as it 
will not carry the heavy current flowing directly in the filament circuit. 
However, the voltage of a five-cell storage battery should be so close to 
normal that no regulation will be required. 

Burned  Out Grid Leak. The resistance of the grid leak used on this trans-
mitter is 4000 ohms. Should the grid leak become burned out with no spare 
available, a suitable resistance could be made up from material available 
on board ship by using a piece of rubber hose about a foot long, filled with 
salt water and plugged at both ends with wires extending through the plugs 
at both endc and making contact with the salt water in the hose. A little 
experimenting with the length of hose to be used should result in obtaining 
the proper value of resistance for satisfactory operation. Any suitable 
resistance having a value between 2,000 and 10,000 ohms may be used. 

Another method which may be utilized in case a suitable material may not be 
found on board is that of the ordinary lead pencil - sharpening both ends to 
get the necessary contact with the lead. It can be shortened if necessary 
to approach the required resistanca. This is, of course, an emergency measure. 

Filament Converter Fails to Start. In some cases the filament converter may 
not start immediately when the circuit is closed if maximum resistance is cut 
in with the filament rheostat. In such cases the armature of the converter 
should be turned over immediately by hand. 

Troutle  in One Side of Circuit Which Cannot tE Repaired at Sea Due to Lack of 
Féré=-• Spare tubes, a spare plate choke, spare grid leak and spare trans-
former secondary sections should be aboard at all times. If these spares are 
available and the set is properly cared for it should be possible to keep it 
always operating at maximum efficiency. It should be borne in mind, however, 
that, if necessary, this set may be operated at reduced power with only one 
good tube, one good plate choke and one good plate transformer. Should there 
be available only one good tube, one good plate choke, one good plate blocking 
condenser, or only one-half of the secondary of the plate transformer, the 
defective part should be removed from the circuit and the lead to the plate 
transformer on that side disconnected. The set may then be operated at reduced 
power on one tube with about half the normal radiation. If only one tube is 
used, care should be exercised to reduce the filament voltage to normal. 

In the event of irreparable damage, making it impossible to use even one side 
of the circuit, a " plain aerial" spark transmitter for emergency use only may 
be made by removing all connections from the three secondary terminals of the 
plate transformer and connecting the antenna to one outside secondary terminal 
of this transformer and the ground to the other outside secondary terminal. 
The safety gaps on the secondary terminals will then serve as a spark gap, as 
previously stated in this lesson. Necessary changes may be quickly made by 
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disconnecting the flexible lead from the secondary of the oscillation trans-
former, lengthening this lead as much as necessary and connecting it to one 
side of the power transformer. The other side of the power transformer should 
then be connected to the piece of copper tubing leading from the secondary of 
the oscillation transformer to the thermo unit of the radiation ammeter. This 
will tune the circuit and permit of reading the radiation on the radiation 
ammeter. It is very improbable that it will ever be necessary to resort to 
the use of the plain aerial circuit and such circuit should never be used 
unless the vessel is in distress and the transmitter damaged so that it cannot 
be made to function normally. 

NOTE: Porcelain, micalex, or glass antenna and deck insulators should be used 
with this type of transmitter. If other forms of insulation are used there is 
likely to be an excessive drop in radiation during wet weather. 

The UV-204A tubes used in this transmitter are provided with an X-L or thori-
ated filament, the characteristics of which are low power consumption and high 
electron emission at low operating teffiperature. This low temperature very 
considerably increases the life of the tabes. 

The UV-204A tube has a nominal power rating of 250 watts output. The current 
required for filament heating is 3.85 amperes per tilbe. The filament voltage 
must never exceed 11 volts. Satisfactory operation should be possible at all 
times with the filament voltage adjusted to between 9 and 10 volts. 

In case of severe overload resulting in overheating of the tube, the electron 
emission may decrease and oscillations may not start when the key is closed. 
Unless the overload has liberated a large amount of gas, the activity of the 
filament may be restored by operating at rated filament voltage for 10 minutes 
or longer with the plate voltage off. 

In the case of all tubes equipped with thoriated filaments, the end of the 
useful life of the tube is usually reached before the filament burns out. 
A tube may have lost its emission and be useless even though the filament 
lights and it is not otherwise defective. If a tube cannot be reactivated 
by the method described above within a reasonable length of time, it should 
be replaced by one of the spare tubes. 

Wavemeter . The wavemeter is one of the most important measuring instruments 
in the radio field, and is used to calibrate a transmitter or receiving cir-
cuit to a definite frequency or wavelength, its principle of operation de-
pending upon the phenomenom of resonance. Some wavemeters are designed to 
transmita radio-frequency energy which can be detected in a receiver, and the 
receiver may be calibrated from the known frequency of the wavemeter. Trans-
mitters radiate their own energy, and a wavemeter held in close inductive 
relation to the transmitter oscillation transformer will have the energy 
impressed upon its circuit. 

A suitable meter will indicate, by a maximum current deflection of its needle, 
when the wavemeter circuit is adjusted to resonance. This is done, usually, 
by varying the capacity of the air condenser. The condenser scale is marked 
in divisions, either directly in wavelength, frequency, or in degrees. If 
the condenser scale divisions are marked in degrees, a graph or chart will 
accompany the meter. The curves on the graph are so drawn that for any degree 
of setting of the condenser the corresponding frequency, or wavelength in 
meters, may be read. 

The wavemeter consists essentially of variable condenser with its dial cali-
brated, and an inductance, called an "exploring coil", previously calibrated 
from a knownstandard of inductance. The meter which indicates the maximum 
current in this oscillatory circuit, comprising inductance and capacity, must 
be so arranged that the meter movement will not in any way impede the radio-
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frequency currents that flaw. Therefore, there are two standard types in 
use, as follows: 

The first type is the hot-wire meter consisting of a straight wire along which 
the currents flow. Since the heat dissipation increases and decreases with 
an increase or decrease of current the wire will expand and contract, and a 
small spool or bobbin is turned by any change in length of the hot wire. 
The spool is connected to the needle and a movement is imparted to the latter, 
causing it to deflect across the scale. Usually the divisions on the scale 
do not indicate the actual current flow, but are arbitrary divisions for 
comparative reading. The divisions are not uniform in length, but become 
gradually greater as the current intensity increases. This follows the our-
rent square law of alternating currents. 

The second type in common use is the thermo couple. The oscillatory circuit 
is brought to a junction which is composed of two dissimilar metals, for 
example, bismuth and antimony, and current which flows across this junction 
will produce an e.m.f. much the same as though the junction were heated by 
a flame. A galvanometer connected to the junction will indicate the value 
of the current. This meter is constructed similar to a d-c. ammeter, in 
that its electromagnetic winding acts upon a permanent magnet to give move-
ment to the needle. The radio-frequency currents only pass across the 
junction and not through the meter windings. The meter scale is generally 
calibrated in divisions from 0 to 100, each of equal length because the 
deflection depends upon the magnitude of the e.m.f. produced at the junction. 
The value of the direct current is directly proportional to the e.m.f, 

Most wavemeters are supplied with several inductances or exploring coils, 
only one of which can be used at a time, to cover a definite band of fre-
quencies. The different coils are designed so that the frequencies they 
cover overlap at the upper and lower limits in order to provide a continu-
ous frequency range. 

MAIN DIAGRAM LEGenmem-FIGURE 4  

1. D.C. supply, ship's generator. 
2. Fuses. 
3. Polarity reversing switch. 
4. Main circuit contact of 

underload circuit breaker. 
5. Main circuit contact of 

underload circuit breaker. 
6. Circuit breaker overload 

electro-magnet. 
7. Charging resistors. 
8. Charging resistors. 
9. Bank of 30 lead-acid storage cens. 

10. Bank of 30 lead-acid storage cells. 
11. Ampere-hour meter. 
12. Trickle-charge lamp. 
13. Trickle-charge lamp. 
14. Lowe-voltage release coil. 
15. Low-voltage release coil. 
16. Limiting resistor. 
17. Low-voltage release coil. 
18. Voltmeter. 
19. Voltage multiplier. 
20. Voltmeter switch. 
21. Voltmeter plug receptacle. 
22. Voltmeter plug receptacle. 
23. Voltmeter plug. 
24. Six-pole charge-discharge switch. 

24e. Fuses. 
25. Transmitter panel D.C. supply 

switch. 
26. Filament rotary converter. 

(D.C. end). 
27. Filament rotary converter voltage 

regulator rheostat. 
28. A.G. end of filament rotary 

converter. 
29. Filament lighting transformer. 
30. Filament by-pass condenser (.5 mfd.) 
31. Filament by-pass condenser (. 5 red.) 
32. Filament voltmeter. 
33. Automatic starter solenoid coil. 
34. Solenoid coil protective resistor. 
35. Short-circuiting contacts for 

protective resistor. 
36. Solenoid contact of overload relay. 
37. Movable contact of overload relay. 
38. Starting button switch. 
39. Starting resistors and contact 

fingers. 
40. Contact bar. 
41. Flexible connedtion. 
42. Motor armature. 
43. Protective condenser ( 1 mfd.). 
44. Protective condenser ( 1 led.). 
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45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
5-7. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 

73. 

74. 

75. 
76. 
77. 
78. 

79. 

80. 

Overload relay coil. 
Holding coil. 
Holding coil contact. 
Holding coil limiting resistor. 
Dynamic brake resistance. 
Dynamic brake contact. 
Generator 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 rheostat. 
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 choke coil. 
Plate'choke coil. 
U.V. 204-A radiotron. 
U.V. 204-A radiotron. 
Plate blocking condenser 

(.001 mild.). 
Plate blocking condenser 

(.001 mfd.). 
Plate coupling condenser 

(.002 mfd.). 
Grid coupling condenser (. 014 'ed.) 
Grid choke coil. 
Grid bias resistor, 4000 ohms. 
Wave chancing switch (" tank" 

circuit). 
Primary or " tank" circuit in-
ductance of aerial transformer. 

Secondary inductance of aerial 
transformer. 

80a. Ground. 
81. Aerial ammeter and thermo-couple 
82. Aerial load coil. 
83. Wave changing switch ( secondary 

circuit). 
84. Aerial load coil. 
85. Aerial tuning inductance. 
85a. Aerial tuning inductance switch. 
86. Aerial change-over switch. 
A. Aerial connection. 

B. 
C. 
D. 
E. 
F. 

87 e 
88. 
8E. 
89. 

90. 
91. 
92. 

Receiver connection. 
Transmitter connection 
Motor starter contacts. 
Generator field contacts. 
Key contacts. 
Lightning switch 
Aerial. 
Aerial ground. 
Primary winding of receiving 

transformer. 
Primary inductance switch. 
Long wave attachment link. 
Primary series condenser 

(.0008-.0045 mfd.) 
93. Ground connection 
94. Grounding condenser. 
95. Buzzer tester. 
96. Buzzer push button switch. 
97. Buzzer battery. 
97a. Buzzer pick-up coil. 
98. Coupling of secondary inductance. 
99. Shield. 

100. Secondary inductance. 
101. Secondary inductance switch. 
102. Long wave attachment link. 
103. Coupling coil of secondary 

inductance. 
Tickler coil. 
Coupling coil of tickler 

inductance. 
Long wave attachment link. 
Oscillation test button switch. 
Detector tube U.X. 201-A. 
Filament rheostat. 
Grid leak and condenser. 
Plate to filament by-pass 

condenser. 
Secondary tuning condenser 

(.00006-.00032 mfd.). 
"A n battery ( filament). 
"8" battery ( plate). 
"C" battery ( grid). 
Detector jack. 
First stage coupling transformer. 
First stage amplifier tube 
U.X. 201-A. 

Filament rheostat. 
First stage amplifier jack. 
Second stage coupling transformen 
Second stage amplifier tube 
U.X. 201-A. 

Filament rheastat. 
Second stage amplifier jack. 

104. 
105. 

106. 
107. 
108. 
109. 
110. 
110a. 

112. 
113. 
113a. 
114. 
115. 
116. 

117. 
118. 
119. 
120. 

121. 
122. 

OPERATION OF APPARATUS 

The F.T. 3628 Transmitter. The transmitter may be operated from the ship's 

generator or, in an emergency, 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, 
disconnecting the storage batteries. 

V35#7 
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When the D.C. supply switch ( 25) on the transmitter is closed current will 
flow through the motor field ( 58). When aerial switch ( 86) or the starting 
button ( 38) is closed current will flow through the starting solenoid ( 33), 
through the protective resistor ( 34), through the lower contact of over-
load 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 
resistance ( 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 
protective resistance ( 34) is automatically cut in the circuit by the con-
tact ($5) which is operated mechanically. The bar now touches the generator 
field contact ( 51) and current flows through the generator field ( 55). The 
output 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 secondary ( 67) of 
the power transformer is center tapped ( mid-tapped) and is connected to the 
plates of the two U.V. 204-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. 
Condensers ( 74 and 75) couple the plate and grid circuits respectively, and 
with the tank inductance ( 79), constitute the oscillatory circuit. Coil 
(76) is e grid choke for preventing the flow of parasitic currents, i.e., 
ultra high frequencies. 

Switch ( 78) changes the wavelength of the tank circuit. It is mechanically 
connected to the secondary switch ( 83) thereby permitting the inductance of 
both circuits to be changed at the same time. The inductance of the secondary 
coil ( 80) remains fixed after the transmitter is tuned and it should not be 
charged. The thermo-coupled ammeter ( 81) measures the aerial current. Coils 
(62 and 84) are aerial load coils. Coil ( 85) is the aerial 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 U.V. 204-A radiotrons ( 70 and 71) receive their current 
supply from the step-down filament transformer ( 29). The condensers ( 30 and 
31) typass R.F. current around the transformer. 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 rheodtat ( 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 k.w., the foregoing adjust-
ment is for maximum outputs; lower outputs may be obtained by adjusting 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 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. 

re :RI' tie 
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The I.?. 501 Receiver. When the aerial switch ( 86) is thrown in the receiving 
position received signal energy will flow from contact ( B) to the primary in-
ductance switch ( 90), thence through inductance ( 89) through the antenna 
series condenser ( 92), and to ground ( 93). The variable coil ( 98), a part 
of the secondary inductance, is employed to provide coupling between the 
primary and secondary circuits. Condenser ( 94) is used to ground the fila-
ment side of the secondary. 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. 

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 operator to ascertain 
if the circuit is in a state of oscillation. A click indicates 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 em-
ployed by connecting it to binding posts on the panel provided for that pur-
pose, ( 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 pro-
vided. It is inductively coupled to the aerial by the pick-up coil ( 97A). 

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 should be tightened, raximum primary con-

denser capacity used, and minimum secondary condenser capacity and minimum 
tickler coupling. employed. These adjustments place the receiver in the 
"listen inn or " stand by" position. 

When tuning for spark signals or I.C.W. the primary and secondary inductance 
switches are turned until the desired signal is heard, and both inductance 
and capacity 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 tuned until the circuit is oscil-
lating. The links 91, 102 and 106 are provided so that extra inductances may 
be used for long waves ( a long wave attachment is usually provided for use 
with this receiver). 

Storage Batterj Charsiingdpg!tl, To charge the batteries switch ( 3) is closed 
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 under-
load coil ( 6), 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 too low when charging, the circuit breaker will 
trip thereby preventing the batteries from discharging. Current will also 
flow through the contacts ( 14 and 15) on the rear of the panel, through the 
limiting resistor ( 16), through the overload coil ( 17) and back to the nega-

tive line. 

If the supply voltage becomes too high when charging, the circuit breaker 
will trip because the current flowing through coil ( 17) will be strong enough 
to pull the iron lever downward. 
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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 circuit 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 discharge the battery the six-pole switch ( 24) is 
thrown to the right. This connects both banks ( 9 and 10) in series giving 

120 volts. 

EXAMINATION QUESTIONS 

1. What could be done in an emergency if the E.T.3628 
transmitter became temporarily inoperative? 

2. What causes swinging signals? 

3. Why are plate radio-frequenoy choke coils used? 

4. What are the advantages of vecuum tube transmitters 
as compared to other types? 

5. What is meant by the term " split- tuning"? 

6. Where are the ground connections usually made on 
shipboard? 

7. In this lesson there is a statement that reads, "The 
loading inductances permit the antenna to be reson-
ated with the closed circuit at the rive wavelengths 
available". What is meant by this statement? 

8. ( al of what is the closed oscillatory circuit composed? 
(b) nat is a " tank inductance"? ( o) How is the fila-
ment voltage obtained for the U.V.204A tubes? 

9. If the ship's generator should fall from what source of 
supply would the transmitter motor-generator receive 
its input? 

10. ( a) Why is a grid r.f. choke coil used? ( b) Why is a 
grid leak used? 

V35#7 
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VACUUM TUBE OSCILLATORS 

The vacuum tube is conceded to be the most important single fec-
tor which has contributed to make the art of radio attain its 
present proportions. In this lesson we will be concerned with the 
use of the vacuum tube es a generator of radio frequency energy 
or "R.F." oscillations. 

The vacuum tube is able to act as an oscillation generator due to 
its ability to amplify, that is, e voltage change on its input 
circuit ( grid- filament) will produce e larger change in voltage 
built up in its output circuit ( whatever is connected between the 
plate and the filament). In order for the tube to produce sus-
tained oscillations, certain conditions must be fulfilled. 

FIRST an " oscillatory" circuit must be provided to roughly fix 
the frequency of oscillation and whose energy storing capacity is 
sufficient to supply coil losses between impulses of plate current. 
Thus the coil and ccndenser combination is known as the " tank 
circuit", since energy is stored due to the high circulating cur-
rent. This gives the circuit a " flywheel" effect like a flywheel 
on a steam enpine or on an automobile engine since Impulses from 
the cylinders are not continuous, but occur periodically and it is 
the inertia of the flywheel that keeps the crankshaft turning be-
tween impulses. 

SECOND it is necessary tc feed beck energy from the output ( plate) 
circuit to the input ( grid7FIriFITT if the tube is to be e " self 
excited" oscillator. This is always accomplished by either electro-
magnetic or electrostatic coupling between the cutput end input 
circuits. 

THIRD the fed- back enerpy must be in the correct direction, that 
T7T-Tri the correct ease to make the tube oscillate. 

Let us first consider the circuit of e regenerative detector of 
radio frequency signals ( Figure 1) es used in certain types of 
receivers. 

Copyright 1934 by R.C.A. Institutes, Inc. 
Vol. 13#9 
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A radio wave sweeping by the antenna induces a voltage in the an-
tenna ( to induce a voltage in a conductor the conductor must move 
through a magnetic field or the field must change around a sta-
tionary conductor - the latter case applies to a receiving antenna). 
This induced antenna voltage which is alternating at radio fre-
quency ( the frequency of the radio wave that traveled across the 
antenna) causes an R.F. current to flow to ground through the an-
tenna or coupling coil La. The current in La sets up a varying flux 

••••••••• 

 II  

+C2 

R.F. CHOKE COIL 

"B" BAT. 

Fig. 1-- Regenerative detector 
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of magnetic lines of force some of which thread through Lg and in-
duce in Le a voltage usually larger than the voltage across Le 
since the turns in La ere less than those in Lg and the two coils 
form e redio frequency ( air core) "step-up" transformer. Since 
there is zero bias voltage between the grid and the filament of the 
tube with no signal input voltage an alternating ( et R.F.) grid vol-
tage will produce en alternating ( also at R.F.) plate current. This 
is shown by Figure 2 which indicates the plate end grid current of 
the tube at some particular plate voltage. 

-Eg 

4= 0 

Fig. 2--Mutual characteristic curve 

The plfite current ( In ) grid voltage ( Eg) curve ( Figure 2) Is some-
times called the muttiel characteristic curve since it concerns 
both plate end grid elements or the tube. Note that the curve lab-
eled I g atarte et Fg ---. 0 and occurs only in the region of plus _,  ..... 

values of grid voltage since the grid and plate only drew current 
when they ere positive with respect to the filament. 

Vol. L'9 
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When an alternating signal voltage appears on L, ( Fig. 1) the grid is 
plus with respect to the filament for half of the cycle and minus for 
the other half. This is shown in Figure 3. 

rp 
1 
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ALTERNATING 
PLATE 
CURRENT 

I 
'ALTERNATING SIGNAL 

VOLTAGE ( 1 CYCLE) 

E 

Fig. 3--Grld-voltage, plate- current characteristic curves 

A continuous wave ( CW) signal impressed on the grid would effect 
plate current as shown by Figure 4. Since the operating point of 
the tube changes when Ig flows through Rgi. the IR drop on Ftgi. biases 
the grid negative with respect to the filament. 

AVERAGE I DROPS-' 

Fig. 4--Continuous wave characteristic 

This would produce only a " click" In the telephones when the trans-
mitter was turned on end another " click" when turned off. A mod-
uleted CW signal, which is a wave whose amplitudes ere being chime-
ed et the modulation frequency would produce a result es shown in 
Figure 5. 

This would produce a tone in the telephones eoual to the frequency 
of the pulses of DC through the telephones, that is, the modula-
tion freouency, whatever that might be. 

Vol. 13//9 



It should be quite apparent from Figures :5, 4, and 5 that there is 
present in the plate circuit of the tube an alternating current at 
the frequency of the signal voltage impressed on the grid by coil 

L ( Figure 1). If this current is choked out of the telephones and is 
made to flow through a coil Ln coupled to Lg (Figure 1) before its re-
turn to filament it will proddce a new voltage in Lg which will reinforce 
the signal voltage present in Lg and therefore produce a larger plate 
current wave then was present before this plate circuit energy was 
returned to the grid circuit. Such ection is called regeneration  
which of course produces stronger signals in the telephones end is 
also known as regenerative amplification. 

L and C1 ( Figure 1) are tuned to the rrequency of the incoming signal 
and it is of course well known that by tuning Lg by C1 to the desired 

frequency of some particular signal that signal will produce more 
circulating current flowing in Lg Cl and therefore more voltage 

c-- 
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PULSES OF CURRENT 
THRU TELEPHONES 

Fig. 5--Modulated OW characteristic 

across Le and Ci than a signal having a slightly different fre-
quency, In other words we et selectivity and amplification by tun-
ing, the circuit. Such a tuned circuit is known as a " parallel res-
onant" circuit since L and C1 are in parallel and tuned to reson-

ance, which means that the inductive reactance (XL ) of L, is equal 
to the capacitive reactance (Xe ) C. ) of C It can also be %hown that 1 
the impedance of such a circuit between grid end filament is equal 
to L/Cli, where L, C, and R are constants of the tuned circuit Lg 

Cla Referring to the fundamental oscillatory circuit, having only 
a coil and condenser, if the condenser C is charged by a DC volt-
age and then connected to the ends of a coil L the condenser will 
discharge through the coil and a current will flow from the (---) 
to the ( 4-) terminal of the condenser through the coil. This cur-
rent sets up a magnetic field around the coil. When the condenser 
is discharged current stops flowing and the magnetic field col-
lapses, which induces a voltage in the coil of the opposite polar-
ity and the condenser is then charged in the reverse direction. The 
condenser then discharges again and this process would continue in-
definitely were it not for the presence of one thing, the resistance 
(R) of the LC circuit. The resistance " damps out" oscillations and 
each successive reversal builds up a smaller voltage until all oscil-
lation ceases. 

vor:14 Vol.13#9 



Any LC circuit can be mrlde to oscillate if the effective resistance 
is zero. When additional voltage la present in the grid coil Lv 
(Figure 1) due to regeneration, more circulating current flowu 
around the Lg C1 circuit. This circuit originally had El certain AC 
resistance since no circuit is physic/Illy possible that does not 
have resistance. It is true that coila may be constructed or large 
wire, apace wound and a good quality of insulation used for the 
coil form, all of which makes the AC resistance smaller, hut or 
course never equal to zero. Since more current is now flowing in the 
grld circuit due to the increased voltage from regeneration it may 
be considered that the Resistance of the circuit has been decreased. 
Ohms Lew states that current in a circuit may be increased-ETéiîEtir 
increasing the volta e applied or by decreesinem the resistance of 
the circuit. It s ou be quite apparent then that it regeneration 
is increased sufficiently the resistance of the Lg C1 circuit will 
be decreased to zero or may even become a "negative" resistance, 
which means that oscillations will build up and be sustained. 

 MANNAN  R 
TIC  Lg 

Lp Rp 
 AAMVVW PLATE 

GRI 

FILAMENT 

Fig. 6--Schematic of resonant parallel circuit 

The change of resistance of the tuned circuit can also be shown 
mathematically as well as by the above reasoning. 

Let R=AC resistance of the Lg Ci circuit. 
Lp=Self inductance of the plate coil. 
M =Mutual inductance of the plate and grid coils. 
iet)=2/rf. 

Rp=AC plate resistance of the tube. 

Figure 1 is reproduced in the " equivalent circuit" form in Figure 6. 

By an analysis of a resonant parallel circuit the total impedance 
of the grid-filament circuit is Lir/cili when considered alone. How-
ever, coil Lp is coupled to Lig an from coupled circuit theory the 
"coupled- in" reeptanoe of the plate circuit to the grid circuit 
is equal to (04114  • Therefore the expression for grid-filament 

impedance will be 

Cl ( R .4/2 M2 ) 
Bp 

Thetsign before the M meaning the mutual inductance Is positive 
or negative depending on whether the turna of Lp ere aiding or op-
posing the turns of Le If M is (+) the total resistance of the 
tuned circuit Lel is inoreased and regeneration cannot be acoomm-
plished, in fao degeneration" oocura. If however, M is made (---) 
by connecting it properly the total resistance of the circuit Lg 
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Ci is made less and regeneraticAq Ateins. Now if regeneration is 
increased to e point where -- co' Am2  is greater than R of the 

RD 
tuned circuit Lg Ci then oscillat1on will result which will roughly 
be at the resonant frequency of Lg Cl. There are three ways of de-
termining when resonance exists in a parallel circuit, namely: ( 1) 
When maximum circulating ( tnnk) current flows. ( 2) When minimum line 
current flows. (3) When the capacitive reactance Xc equals the 
inductive reactance 4.• 

The above methods of determining resonance are not exact end 
none of the three give the same result, but the difference in fre-
quency by the three methods is such a small fraction of one per cent 
that practically the answer is the same. Of course for calculation 
purposes the third method is used. The other two are used in actual 
transmitting circuits, particularly the second. The third method of 
determining the frequency of a parallel ( or series) circuit results 
in one of the most important equations in the theory of radio cir-
cuits and is derived as follows: 

If 4= XL (for resonance) 
then since Xer„ and XL -4== 27rfL 2/rfL   

21775—  rirr C 

• 

and ( 2TrrL1 ( 2nrfC)== 1 
or ( 2 7r) 4 e2 LC= 1 
from which f  1  

(2 ) 2 LC 

And abstracting the square root of both sides of the equation, 

f=  1  
277-irtre 

Where f= cycles per second 
Linductance of coil in henries 
c=. capacity of condenser in farads 

2nr:76.28 

The practical form of this equation is, 

f=  159.2  

Where f 72= kilocycles per second ( kc) 
L inductance in microheneies (,4Avh) 
C:= capacity in microfarads ( A4e) 

In the actual oscillator circuit the L and C of the above equation 
must respectively include the inductance of the connecting leads 
and the stray capacities of wiring etc„ as well as the Inter- elec-
trode oapacitiee of the vacuum tube itself. 

In receiving continuous wave signals it is necessary to use either 
the heterodyne method, a separate oscillator coupled to the detector 
or the autodyne method, an oscillating detector. The latter is the 
more common and la the circuit shown in Figure 1. There are many 
ways of controlllne regeneration and oscillation for the eutodyne 
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detector which are outside the scope of this lesson. In Figure 1 
however, control of oscillation ie effected by condenser C2 usually 
known es the " throttle" condenser since by changing its reactance 
more or less alternating plate current ( at the signal frequency) 
is allowed to flow through Ln which controls the amount of negative 
resistance coupled into the grid circuit end hence gives the oper-
ator control over the strength of regeneration or oscillation de-
pending on whether the received signal is of e modulated character 
or just a continuous wave. 

The circuit under discussion ( Figure 1) is known ea the " Tickler 
Feedback Circuit", the piste coil Lp being the " tickler" coll. This 
circuit may be used for transmission, in fact an oscillating detect-
or if coupled to the antenna acts as a low power transmitter and 
modern receivers using an autodyne detector incorporate a stage of 
tuned radio frequency amplification using a screen grid tube to 
stop the radiation from the receiver since this is e very obnox-
ious form of "men made" interference. 

There are many forms of oscillator circuitsebut the most import-
ant and the ones with which you should become familiar are set 
forth in the remainder of this lesson. It is truthfully said that 
the vacuum tube is the heart of the present day radio art and like-
wise the oscillator circuit is the foundation of all radio trans-
mitters since it is the source of radio frequency energy. 

THE HARTLEY OSCILLATOR CIRCUIT 

You will note the similarity of Figure 7 to that of Figure 1 which 
was used to explain regeneration and oscillation. The coils Le end 
L are no longer separated but are one continuous winding with 

 1 

Figure 7--Schematic of Hartley oscillatory circuit 

tap connected to filament, and the condenser C approximately tunes 
the total inductance, Lg4-1,p+ 2M, to the oscillation frequency. 
Instead of C2 being the regeneration and strength of oscillation 
control it is moved to position as shown and is called e "plate 
blocking" condenser since it blocks the positive DC from flowing 
to filament end minus B thus shorting the high voltage supply. 

The action of the circuit in Figure 7 is identical to the action 
of Figure 1 with the exception that Figure 7 is that of a strong 
oscillation generator while Figure 1 is of e regenerative or osc-
illating detector which is most sensitive to continuous waves when 
the regeneration condenser C2 is set just above the oscillating 
point. 

Assuming that the tube filament is "on" and proper adjustment of 
circuit constants has been mode, when plate voltage is applied, e 
surge of plate current will flow from mb--B through the tube from film 
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ament to plate, through the coil Lp and beck toi-B. This initial 
"transient" current will be rather high since there is no bliss vol-
tage built up across the grid leek Re. es yet. Since the initial 
flow of plate current represents e transient condition, e voltage 
will be induced in L due to the changing flux lines from Lio cut-

ting through coil Lg. AS the current through Lp increases the vol-
tage across Le will also increase end will be 180° out of phase 
with the voltage set up across Lp, that is, if the plate end of 

Lp is then so is the grid end of Lg. This causes the plate of 
grid condenser Cg connected to Lg to also be — end the other plate 
which connects to the grid of the tube to be+ or meaning that It 
has a deficiency of electrons. Since the grid of the tube is con-
nected to the+ plate of Cg it will be charged and will attract 
electrons from the filemera which will neutralize the 4-- charge on 
the grid side of Cp. The electrons from the filament continue to 
pile up on the condenser plate, but ere allowed to leek off beck to 

ANTENNA 

GROUND 

Figure 8--Schematic of an inductively coupled 
oscillator circuit 

filament through the grid leak ReL. which then constitutes e flow 
of grid current end develops a vórtege across ReL, with the polar-
ity of this grid leak being-no- et the grid end end+ at the filament 
end of the grid leek. This voltage biases the grid negative with 
respect to the filament end the plate current will then decrease. 
It should be clear then that the total current flowing through Lp 
is composed of two components, a steady DC which may be considered 
to have an alternating component superimposed on it. The alternat-
ing component induced in Lg acts just like the signal voltage in-
duced in Lg from the antenna coil Le in Figure 1 and due to the 
emplificetion of the tube * larger alternating voltage will be 
built up on Lio which again induces more voltnpe in Lc and energy 
is thus fed b&ck from the plate to the grid circuit Rnd 
tions nre built up if the resintance of the LC circuit in decreased 
to e zero or negative value. Since LC le e parallel resonant cir-
cuit, a large R.F. " tank" current flows around the LC circuit end 
e smeller amount of H.F. "line" current flows. The circulating 
current or " tank" current flowing around the LC circuit times the 
R.F. voltage set up across the cir:UUTT—Fepresents the fly- wheel 
on an engine and even though plate current impulses occur only 
during e fraction of the R.F. oycle the circulating current or 
tank circuit volt-amperes represent a constant " tank" of R.F. 
energy. 

Ullice power is required to excite or "drive" en 'antenna or the 
grid circuit of an amplifier tube the oscilletor must be cep-
bble of furnishing this power. The simplest radio transmitter is 
shown by Figure ü which indicates en oacillator circuit inductively 
coupled to an antenna for purposes or radiation of radio energy. 
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The antenne resistance is coupled into the LC tank circuit by 4. 
This increbses the series resistance of the Lc circuit end hence 
more feedback is required so the total series resistance of LC 
with the antenna coupled may be reduced to the neoesebry value for 
oscillations to exist. The ratio of volt timperees in the tank cir-
cuit to the watts dissipated in the coupled.-ln resistance or the 
"load" must be at least 10 or 12 for good operation. Ustiully this 
ratio is wade even higher. 

The voltage and current relations in e " self excited" oscillator 
such es hes been described are such that the grid bias developed 
by the rectified grid current flowing through the grid leek is more 
than enough to reduce the plate current to zero except for only e 
smell portion of e cycle ( usually about 1/4 to 1/6 of e cycle) and 
hence plate current flows in impulses end the tube is operated Ls 
"Class C" which wakes for high efficiency of conversion of DC 
power to R.F. power, the express purpose of en oscillator circuit. 
The efficiency of conversion in properly adjusted oscillator cir-
cuits is at least 540 end sometimes as high as 80%. 

Usually the peak velue of alternating (R.F.) plate voltage built 
up across that part of the tank circuit connected between plate 
and filament ( that is, coil Lp in Figure 7) is 70 or 80% of the 
DC voltage applied to the plate of the tube. 

The plate circuit of e vacuum tube in en oscillating circuit acts 
like a synchronous switch that is closed for e short interval dur-
ing each cycle in exactly the proper phase to maintain oscillations 
in the resonant LC circuit. The opening and closing of this fic-
titious switch is accomplished by the alternating voltage applied 
to the grid, and the portion of the cycle over which the " switch" 
remains closed depends on the amount of the grid bias. 

In an effibiently adjusted oscillator circuit the plate current 
impulses ere far from being of the "half sine wave" shape end in 
fact are celled square topped waves. Such e wave is rull of "har-
monics" end use is made of this feet in actual transmitters. 

If the oscillator in e transmitter functions on 2000 kc the ° se--
illator coil will have present across its terminals voltages ( of 
smaller amplitudes) representing harmonic frequencies of the fun«, 
damental, that is 4000 kc --- the second harmonic, 6000 kc the 
third harmonic, etc each harmonic being consecutively weaker. If 
the plate circuit of en amplifier tube coupled to the oscillator 
circuit is tuned to one of these harmonics the amplifier tube will 
amplify this harmonic end the amplifier la called e "doubler" or 
"tripler", etc, depending on whether the second, third, etc, har-
monic is amplified. The strength of the harmonics is always greet-
er the more square topped the plate current wave is, therefore 
large bias on the tube produces harmonics better than et low bias. 

SERIES AND SHUNT FEED  

There are two ways in which themém DC plate voltage can be applied 
to the tube. If the DC plate current from the high voltage source 
flows throu the tuning coil ( as in Figute 7 end Figure 8) then 
the circu t s said to be e series fed one while if the + DC is 
fed to the plate through an R.F. choke coil end is blocked away 
from the tuning coil by e plate blocking condenser the circuit is 
known as a shunt fed one. Both methods ere used in modern trans-
mitters. Wh-iii7"Fe'sTunt method is used it is very important that 
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the R.F. choke coil be so constructed that its own " natural period" 
the frequency to which the distributed capacity between turns and 
the inductance of the coil tunes - will be different from the 
oscillator frequency. Since the coil with its distributed cepecity 
forms e parallel resonant circuit similar to the " tank" circuit 
a high circulating current would flow in the choke coil which would 
rob energy from the tank circuit es well es heat and very likely 
damage the choke,e since it is usually wound with small wire to 
conserve space and only the DC from the high voltage supply flows 
through it - a matter of a few milliamperes usually. While the 

re--I -NATURAL PERIOD OF COIL 

xL(omesis) 

xc(oHms) 

OSCILLATOR ( OR R.F.AMP.) 
FREQUENCY. 

FREQUENCY 

WAVELENGTH 

Figure 9A Relative reactance values of a choke coil 
on each side of its natural period 

choke will offer a high reactance to the flow of the R.F. cur-
rent if its natural period is either above or below the oscillator 
frequency it is considered good practice to have the natural per-
iod of the choke at a higher frequency than the oscillator since it 
then offers inductive reactance to the oscillator plate circuit 
rather than capacitative reactance which would act as a by-pass 
condenser from plate to ground. The relative reactance values of 
a choke coil on each side of its natural period are shown in Fig-
ure 9A which also indicates the best point of operation. 

THE COLPITTS OSCILLATOR CIRCUIT 

The Colpitts oscillator circuit, Figure 9B, is no less important than 
the Hartley. When the plate supply voltage is applied to the tube a 

Figure 0913.---The Colpitts oscillator circuit 

transient condition of plate current exists which impresses e 
varying voltage drop across the plete-filement elements of the 
tube and the plate condenser Cp of the oscillatory circuit. The 
voltage across Cp causes e circulating current to flow in the tank 
circuit end therefore a voltee approximately 180° out of phase 
with that across Cp is developed across Cg and the grid-filament 
oiroult from which point the action of the tube is the same as any 
self excited oscillator. Any oscillator " starts" oscillating due 
to transient currents when turned "on". 
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You will note that this type of circuit requires that the plete 
be nhunt-red, sinum there in no filament or " zero R.F. potentibl" 

tep taken off the coil through which to feed the -+ B current am 
lu the Hartley circuit end a plate choke coil would be necessary 
if the 1-13 connected to either end of the coil, both ends being at 
R.F. potential. Since e choke must be used it might as well con-
nect to the plate end +DC. It can be blocked from the coil by condenm 
ser C,. Also there is no choice between connectlnp the grid leak 
"acrots" the grid condenser, or from the grid to filament as there 
is in the shunt- fed Hartley, since in the Colpitts circuit the 
coil has no DC path to filament for rectified grid current, and the 
grid to filament connection for the grid leak must be used. 

THE TUNED-GRID  TUNED--PLATE OSCILLATOR CIRCUIT 

The two previous circuits described depend for their operation 
on the fact that tank or circulating current flows through both 
grid end plate portions of the coil-condenser ( oscillatory) cir-
cult. The T.G.T.P., often called the "Armstrong" circuit, how-

Cgp OF TUBE 
r- -41 --

Jté 

Figure 1O'--'Tuned-grid, tuned- plate oscillator circuit 

ever depends on feedback taking place through the grid-plate cap-
acity of the tube itself since there is prteticully no coupling 
between the separate grid and plate tuned circuits. The grid-
plate capacity of the tube is shown by dotted lines in Figure 10. 
The plate could be shunt fed if desired,but series feed is more 
simple because an R.F. choke coil is not necessary - the lower 
or filament end of the plate tank circuit being et practically 
ground potential, C1 having low reactance et radio frequencies. 
The Armstrong circuit Is rarely used in commercial transmitters 
since two controls are necessary - one for each tank circuit,end 
it requires more care in adjustment. The operation of the T.G.T.P. 
circuit is explained on the theory that the input resistance of a 
vacuum tube depends on the type of plate load used. In this case the 
plate tank is tuned to a slightly higher frequency than the grid tank 
in order that the tube's input resistance will be negative and cancel 
out the positive series resistance of the grid tank, thus allowing 
oscillations to be sustained. Changing the setting of either the rrid 
or plate tuning condenser will cause the frequency generated to vary. 
It is quite apparent that in certain types of commercial transmitters 
where the operating frequency is being changed several times a day 
this would necessitate a waste of time in adjustment, besides the cost 
and mechanical complications of another tank circuit, whereas the Hart-
ley and Colpitts circuits require only one tank circuit and one tuning 
control. 
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THE ELECTRON-COUPLED OSCILLATOR CIRCUIT 

In the electron-coupled oscillator circuit the filament or cath-
ode must be above ground potential. Figure 11 accomplishes this 
by using an indirectly heated cathode tube. If ordinary filament 
type tubes are used in this circuit the filament must receive 
its current through heavy R.F. choke coils or if AC is used on the 
filament, the transformer may be a special one having more than the 
ordinary spacing between secondary and primary windings so that 
the capacity between windings is low. Another alternative is to 
use copper tubing for coil L1 and run the filament wires inside  
the tubing to the lower end of Li which is grounded. The filament 
wires may then connect to the filament transformer and the actual 
filament is maintained above ground potential. 

Rge 

C4 
 11  
CG 

1 L2 C2 

Figure 1140-Electron- coupled oscillator circuit 

The L101 combination is the frequency determining portion of the 
circuit end L20 2 is the "work" circuit. Since the screen is main-
tained at ground B.F. potential by condenser C5 the coupling to 
the plate or work circuit depends on the electrons flowing through 
the screenehence the neme "Electron- Coupled". This circuit has a 
number of desirable characteristics one of which is the small ef-
fect of a change of load on the work circuit L2C2 on the frequency 
of oscillation. Thus when the following amplifier stages are keyed 
or modulated the changes in their load impedances do not reflect 
back and change the oscillator frequency nearly as much es in the 
ordinary self excited oscillator circuit. Another desirable char-
acteristic is that changes in frequency due to plate voltage and 
screen voltage variations are opposite to each other. Thus if 
proper plate and screen voltages are used as much as a 20% change 
in supply voltage will cause verylittle frequency shift. It will 
be noted that the work circuit L2C2 is coupled to the plate through 
capacity C6 and the plate is shunt- fed through choke L. If Ce is 
made as small as practicable, consistent with the desiYed outpn, 
the result of load variations on generated frequency will be very 
small. This type of circuit is finding favor as an oscillator in 
Master- Oscillator Power-Amplifier Transmitter circuits and as a 
heterodyne frequency meter in addition to its use as an oscillator 
in superheterodyne receivers. 
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THE DYNATRON OSCILLATOR 

To explain the "Dynatron" it is necessary to consider the curves 
on a four- element ( S.G.) vacuum tube such as the 222 or 224 type. The 
E,- In curves for various plate, screen and control grid voltages are 
selowfi in Figures 12 and 13 for the 224 tube. 
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Fig. 12--Plate-voltage, 
plate -current character-
istic of a screen- grid 
tube in the dynatron 
region with constant 
screen- grid voltage and 
three different values 
of control-grid voltage 
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In the range of plate voltage between 10 and 40 volts the plate 
current decreases with an increase in plate voltage. This is con-
trary to all Ohm's : ew theory and means that the plate resistance 
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of the tube is neetive. This phenomene is easily accounted for 
since when E is less then Esg the secondery electrons resulting 
from the primary electrons origineting et the filment and strik-
ing the plate are attracted by the more highly charged screen end 
a reversed current flows from plate to screen which is the sec-
ondary electron stream. In the dynetron region of the tube char-
acteristic an increase in plate current due to an increased plate 
voltage produces an increase in primary electrons flowing from 
filament to plate) but e still greeter flow of secondary electrons 
occurs between plate and screen end the net change in the plete 
current is less. 

Fie. 13- 4- Plate- voltage, 
plate- current character-
istic of a screen-grid 
tube in the dynatron 
region with fixed con-
trol- grid voltage and 
three different values 
of screen-grid voltage 
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Any device which possesses this negative resistance cherecteris-
tic can be used as en oscillation generator. The "Arc Transmit-
ter" is another example of the application of this phenomena to 
oscillation generators. The negative resistance of the arc be-
tween the carbon end copper electrodes cancels out the positive 
resistance of the antenna- ground oscillatory circuit and sus-
tained oscillations result. The dynatron has a tuned circuit con-
nected between plate end filament which will oscillate if the 
series resistance of the tuned circuit can be made zero. The 
circuit is shown in Figure 14 using a 224 tube. 

• 

The parallel impedance of the tuned circuit is L/CR, where P is 
the series resistance. If r, the negative resistance of the dyne-
tron is of such value ( 8000 to 16000 ohms) end Lin is of the 
same order,but somewhat more then r the circuit will oscillate. 
For e given tube negative resistance and values of L and C to 
resonate at a specific frequency the value of R will determine 

-C 

Figure 14--Tuned plate- filament circuit in a dynatron 

whether or not the circuit will oscillate. The dynatron will 
oscillate over a wide frequency band, of a few cycles to approx-
imately 20,000,000 cycles by merely changing the tuned circuit. 

Any resonant circuit wavemeter can be used as the tuned circuit 
and the sharpness of resonance will be improved since the posi-
tive resistance of the tuned circuit is almost cancelled out by the 
tube negative resistance. If telephone receivers ( or the primary 
of an A.F. transformer coupling to an A.F. amplifier) are con-
nected in the screen grid lead beats may be heard between any 
other oscillator and the dynatron at harmonics of the dynatron 
frequency as well as the fundamental, which makes for a wide fre-
quency monitoring band without changing the tuned circuit. 

METHODS OF OBTAINING CONSTANT FREQUENCY 

Oscillation generators readily fall into two classes, consider-
ing vacuum tube oscillators only which may be further subdivided 
as follows: 

(1) Electrically Controlled Oscillators. 
(e) Simple circuits. 
(b) Special stabilized circuits. 
(0) Long line frequency control. 

(2) Mechanically Controlled Oscillators. 
(e) Piezo crystal. 
(b) Magneto striation. 
(0) Tuning fork control. 

• 
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The first class includes the simple Hartley, Colpitts, T.G.T.P., etc., 
and possesses the advantage of a continuously adjustable frequency. 
The special stabilized circuits make use of extra coils and condensers, 
and the long line method of frequency control uses the constants of a 
long transmission line to control the stability of oscillations. 

The second class, or mechanically controlled oscillators, includes 
different types of mechanical vibrating systems of which the most 
satisfactory one to date is the quartz crystal. The magneto stric-
tion oscillator makes use of a rod of magneto strictive material 
which changes Its length at the frequency of an alternating mag-
netic field. This form of control is limited to velues between 
approximately 1000 and several hundred thousand cycles. The tun-
ing fork method uses a fork vibrating at audio frequency which is 
multiplied to radio frequencies. This method is very satisfactory 
for frequencies up to 1500 ko,e but is not considered practical 
above that value due to the puny frequency multiplication stages 
thbt would be necessary. 

CONSIDERATIONS OF FREQUENCY STIBILITY 

Frequency instability of all vacuum tube oscillators whether self 
controlled cr mechanically controlled may be attributed to mech-
anical variations affecting circuit constants ( including tube 
capacities) or electrical variations affecting the tube's dynamic 
characteristics or combinations of both. 

Mechanical variations are e result of vibration, temperature 
change and humidity change. These can be made negligible by el-
iminating vibration, by good mechanical design and construction, 
by use of suitable tubes, by maintaining temperature and humidity 
constant and by the use of comparatively large capacities in par-
allel with the tube capacities ( more familiarly known as the "High 
C" circuits). 

The principal causes of dynamic instability are those affecting the 
dynamic plate impedance of the tube. These are chiefly; variations 
in plate voltage, grid bias, over or under excitation and verie-
tions in filament supply voltage and plete load impedance. The 
latter is the moat important factor and may be incorporated in an 
equation stating frequency in terms of L, C, R, end rp the inter-
nal plate resistance of the tube as follows: 

te3e = ,, R 
rp 

WhereAJ= 271? in cycles/sec. 
R m series resistance of resonant circuit. 
C = total capacity. 
L:= inductance of tuned circuit. 
rp re4 plate resistance. 

It is obvious that the influence of a change in r, on frequency 
becomes less as the ratio of R to r,becomes less, therefore there 
are two reasons for usinF high C ciecuits, the paralleling of tube 
capacities by a large capacity to reduce frequency drift caused by 
changes in tube inter- electrode capacities and to make R, the load 
series resistance, small compared to the tube internal plate resist-
ance which makes the fraction R/r of small value. The use of a 
high C oscillator tank circuit foP frequency stability more than 
compensates for the slight loss in efficiency. 
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THE QUARTZ CRYSTA4 OSCILLATOR  

Even when all the precautions es discussed above ere taken the per-
formance is inferior to that of en oscillator using quartz cry-
stal stabilization and temperature control. For transmission on 
a fixed frequency and where high frequency stability is required 
the quartz oscillator is now standard practice. The familiar cirm 
cuit is shown in Figure 15. 

This circuit looks like the Armstrong T.G.T.P. except that the 
grid tank circuit is replaced by the quartz plate. Two types of 
quartz plate holders are used. In both types the crystal rests 
on e lower plate. If a light weight plate rests on the crystal 
slightly more power output is possible, but better preotice is to 
have a smell air gap between the upper plate end the crystal 
surface. 

Figure 15--Jchematic of quartz crystal oscillator circuit 

The frequency of the crystal oscillator is dependent upon the 
temperature of the crystal to e large degree and upon the temper-
eture of the associated circuits to a lesser degree. A constant 
plate voltage source is to be desired since voltage variations 
will effect frequency somewhat. Some precautions taken to main-
tain good frequency stability are: 

1. Use of low plate voltage so variations in supply voltage do not 
change the power loss in the crystal enough to change the crystal 
temperature appreciably. 

2. Tube impedenoes are made smell and their effect minimized by 
using grid leak bias and loading the oscillator tube lightly. 

3. The effect of filament voltage variations is minimized by us-
ing tubes with an electron emmission greatly in excess of that 
required. 

4. When used to control e transmitter, the crystal oscillator 
must be protected from feedback by proper shielding and a buffer 
amplifier tube to reduce effects of changing load on tube imped-
ance. Operating the amplifier tubes at a harmonic of the cry-
stal frequency is also desirable. 

Several circuits differing from Figure 15 are possible, but not 
es common. Figure 15 is merely a mechanical resonator ( the cry-
stal) connected between the grid and filament end a tuned cir-
cuit LC connected between plate and filament and tuned to a slight-
ly higher frequency than the crystal resonant frequency so es to 
offer inductive reactance to the plate of the tube - a condition 
necessary for oscillation. 

vol. 13#9 
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The oscillator, to repeat, is of course the most important pert 
of a transmitter end can be likened to the heir spring on the 
balance wheel of e watch or any timepiece. The watch will not 
run without it and if something is slightly out of adjustment 
will either gain or lose time. Similarly, a transmitter with the 
oscillator missing would be of no earthly use as a transmitter 
and if the oscillator is producing the wrong frequency ( more dev-
iation than the tolerances allow) it is worse than no transmitter 
and might better be "off the air". 

Vol.13#9 
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EXAMINATION  * UESTIONS 

1. Draw a schematic diagram of e Hartley circuit. 

2. Draw a schematic diagram of a Colpitts circuit. 

3. Explain the difference between the Hartley and the Colpitts 
circuits. 

4. Explain end draw diagrams illustrating two methods of feed-
ing positive DC to the plate of an R.F. tube 

5. Contrast the Armstrong end Quartz Crystal oscillator circuits. 

6. Explain how regeneration tends to cancel the series resistance 
of a parallel resonant circuit. 

7. State three ways of determining if resonance exists in a tuned 
tank circuit. 

8. If the inductance and capacitance were respectively . 15 milli--
henries and . 000169 microfarads, to what frequency would the 
"tank" circuit be tuned? 

9. How does feedback occur in self excited oscillator circuits? 

10. ( a) Name all the causes of frequency instability. 
(b) Why are self excited oscillators usually of the "High C" 

type? 
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THERMICNIC TUBES 

INTRODUCTION THE DIODE 

This lesson shall concern itself with the two- element thermionic 
tube, or diode. The student is more familiar with the name vac-
uum tube, but the term thermionic is more correct, since many of 
the tubes we shall consider do not have a vacuum in them, but 
instead, gas or vapor at low pressure, such as the mercury vapor 
tube. The word diode means that there are but two electrodes or 
elements in the tube, hence the prefix " di", meaning two. 

MATTER  ELECTRONS AND PROTONS 

It will be well for the student to review the nature of matter 
before studying this text. The following facts will enable him 
to appreciate what follows. Matter is made up of molecules; 
molecules, in turn, of atcms, and the latter of electrons and 
protons the fundamental building blocks of nature, as far as 
we know. Electrons each carry e negative charge of electricity, 
and protons a positive chtirge. Due to this, electrons repel 
each other, protons repel each other, but electrons and protons 
ettnict one another. This is in harmony with the well-known law 
that like charges repel; unlike, attract. 

Another point about these particles is that the proton has a 
mass about two thousand times that of the electron, so that the 
latter is the more active of the two and produces most of the 
effects we note about us. Thus, an atom is a kind of miniature 
solar system composed of equal numbers of protons and electrons. 
All the protons and some electrons form the core or nucleus 
of the atom, and the remainder of the electrons form rings 
around this nucleus or core. In eone hypothesis it is assumed 
that these outer electrons revolve in orbits about the nucleus, 
much as the plenets ---- including our earth revolve around the 
sun. These electrons are known as the orbital electrons, and 
account for the chemical behavior of the atom. 

HEAT AND THE FREE ELECTRONS 

We now digress for a moment to discuss heat. From a scientific 
viewpoint, heat is a random, haphazard motion or vibration of 
the molecules of the substance. The higher the temperature, the 
faster their motion, and at ordinary room temperature they ex-, 
ecute several billion vibrations per second. It is inevitable 
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that in doing so, these molecules should collide with one unoth-
er, and in mbny oases this results in the mure loosely held or-
bital electrons, which bre liter than the protons, being 
knocked out of their atoms. Previously the atom hbd as many 
electrons as protons, und was electrically neutral. When tin or-
bitul electron is dislodged, the atom hilt!' an excess proton, end 
therefore u positive charge. The dislodged electron la called a 
"free" electron, und the " bereaved" atom, u positive ion. ( Ion 
means carrier of a charge). 

In an ordinary piece of matter there ere billions of billions of 
molecules, and where such large numbers are involved, it is to 
be expected -- from the Lew of Probability -- that on the tverage 
a free electron finds itself surrounded by positively charged 
ftbereuved" atoms which have lost electrons. The free electron 
is thus attracted to these on all sides, and hence does not of 
necessity return to the atom it left, but may join with some 
other " bereaved" atom, or else wander about in the material, the 
pull in any one direction due to one incomplete atom being balanced, 
on the average, by a pull in the opposite direction due to some 
other incomplete atom. 

Of course this condition may last for only a fraction of u second, 
and then the free electron may happen too close to a "bereaved" 
atom and be absorbed by it. However -- as mentioned before 
where so many countless billions of molecules ere involved, we 
may expect to find at any moment the same number of free electrons 
as at any other moment, and this number depends upon the nature 
of the material ( electron and proton structure of the atom), and 
the temperature. The student should note that the free electrons 
are those that revolved in orbits about the nucleus. Those elec-
trons that are in the nucleus and form a kind of cernent or binder 
to hold the protons together, are not affected by heat or similar 
means. Until very recently no one could disintegrate the nucleus, 
whereas the orbital electrons could be removed in meny ways, such 
as by heat, electronic bombardment ( of which more will be said 
later under gaseous ionization) and ordinary chemictil reactions. 

THE ELECTRIC CURRENT 

Not all substances, however, have free electrons at ordinary temp--
eratures. Glass, for instance, has practically no free electrons, 
and every electron is locked up tightly in its atom. Copper, on 
the other hand, has many free electrons, as has silver, aluminum, 
and all other metals. Those substances which have free electrons 
are celled electrical conductors, for under the impress of an 
electromotive force or push, these free electrons can be made to 
move, and this movement constitutes an electric current. It is 
usually stated in the more modern text book that an electric cur-
rent is reelly the movement of electrons in the external circuit 
from the negative to the positive pole of the generator. While 
this is usually the case, it is possible to have an electric cur-
rent due to the motion of positive charges ( such as "bereaved" 
atoms) in the opposite direction. A small current of this nature 
occurs in an ionized gas, and in an electrolyte half of the cur-
rent flow is due to the motion of positive ions towards the nega-
tive electrode. But in ordinary conductors, such as metals, the 
current flow is due to the drift or motion of electrons, and this 
is due to the relative immobility of the protons, whose mass is 
so much greater than that of the electrons. This point is men-
tioned here to avoid tiny confusion in the student's mind in the 
future. 
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We proceed with the discussion. It was shown that in certain 
materials there are present electrons which are free to wander 
about in the material because the pull of any "bereaved" atom is 
balanced by that of another in the opposite direction. What hap-
pens when an electron tries to pass through the boundary surface 
of the materiel into the open? To answer this question, the 
student must first visualize the conditions existing in the atom 
as described above. We have numerous electrons knocked out of 
their orbits in atoms. Surrounding any one electron are numer-
ous incomplete or, as we termed it, --" bereaved" atoms, all 
trying to pull the electron ( end others in the vicinity) to them-
selves. As a result, each electron, being pulled about equally 
in all directions, is more or less free to move as it pleases 
within the material. In addition to all this we have the cease-
less vibration of the atoms as well es the electrons due to heat 
energy. Oooasionully an incomplete atom recovers an electron, or 
more than one 1f it has lost more than one. Occasionally an atom 
loses one or more electrons due to an impact with another atom, 
or even an electron. On the average, there are a certain pro-
portion of free electrons wandering about in the great open 
spaces of even the most solid material. 

Now imagine an electron buffeted about until it happens to reach 
the surface of the material. Ahead of it looms empty space or• 
else atoms that have their quota of electrons and require no 
more, ( depending upon whether the material is in a vacuum or sur-
rounded by an insulator respectively). Behind the electron are 
countless number of "bereaved" atoms that are trying to pull it 
towards themselves. It is obvious that the pull on the electron 
is now one-sided, that is, back into the materiel itself. Con-
sequently the electron cannot escape through the surface: the 
incomplete atoms behind it all co-operate in pulling it back. We 
therefore see that the electron is really a prisoner in the mat-
erial: as long as it remains within it, it is free to wander 
about as it pleases, but the moment it tries to leave the mater-
ial it is pulled back with an overwhelming force. 

In order to pull the electron out of the material we should re-
quire a correspondingly enormous force, of more than a million 
volts per centimeter. Such immense electromotive forces are not 
ordinarily available, and, as we shall see, other and more pract-
ical means are at hand to perform this task. The student will 
also perceive in due time why we wish to expel electrons from the 
material into space. He may -- at this point ---- wonder how an 
electric current ( circulation of electrons) can be established 
when the circuit is not made up entirely of one material. The 
explanation is as follows. 

If we place in contact with the above material another piece of 
material which has free electrons and consequently incomplete 
atoms from which these electrons came, then any free electrons, 
from either material, when it comes to the boundary surface of 
that material, finds ahead of it positively charged incomplete 
atoms in the other edjecent material. These positive ions help 
to pull the free electron forward and balance the pull of the 
positive ions behind the electron in the first material, so that 
the electron can pass through the boundary surface into the sec-
ond material without any difficulty. In this way an electric 
current can flow through switch contacts from commutators or slip 
rings to brushes, and similar parts of the circuit. It is only 
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when h portion of the path or circuit containt muteriul having 
no free electrons und no positively charged incomplute atoms, 
that the electrons cannot proceed forward, mud we have whut we 
call till °pun circuit. At this point it is well to emphasize the 
Important features or an ordinary conductive circuit, tamely, 
that such e circuit Is characterized not only by free electrons 
that are capable of moving, but also by positive lUnd (from 
whence these electrons came) and which ions tend to hold the 
electrons in the material against their repulsive effect upon 
each other. Otherwise the electrons would repel each other out 
or the circuit into free space or even into the insulation sur-
rounding the conductive material. It is thus evident that these 
incomplete atoms are just es important as the insulation in keep-
ing the electrons confined to the path which we cell e circuit: 
The incomplete positive ions hold the electrons within the con-
ductive materiel, the insulation, having no Incomplete atoms, ex-
erts no counter pull on the electrons to pull them out of the 
material, and also tends to keep the circuit apart from any other 
conductive material whose positively- charged incomplete atoms 
would come in contact with the above circuit end lure the free 
electrons out of it. If the student grasps the full sienificance 
of the above, he is in a better position to understend the action 
of the vacuum tube. 

THERMIONIC EMISSION 

Now let us examine what happens when a piece of conductive 
material is heated. The atoms are caused to vibrate more 1n 
tensely due to their greater thermal energy content, as are also 
the free electrons. Due to the random nature of their motion, it 
is evident that some of the atoms and electrons attain higher 
velocities at some moment than others, due to e series of collis-
ions which happened to accelerate them continuously in one dir-
ection. Others would happen to collide with other electrons and 
atoms in such manner as to be stopped for the moment. Thus, the 
velocities attained by the perticles are not all equal, but where 
so many are involved, we can imagine an average velocity, which 
the majority of the electrons, for instance, have, end also high-
er and lower velocities belonging to fewer electrons that happen 
to depart from this average velocity at some particular moment. 
As the temperature of the materiel is raised, the average velo-
city is increased, and u certain number of electrons may even 
reach extremely hie velocities. 

These latter electrons may happen to approach the surface at this 
high velocity, and the positively-charged incomplete atoms may be 
unable to bring them to a stop, so that they actually fly right 
through the surface out into the open. Once out, they may hover 
around the material like a vapor above a liquid, and thus form a 
cloud of electrons about the material. The materiel is thereby 
left with an excess of protons, i.e. a positive charge, end will 
try to pull the electrons back again. Those near the surface may 
therefore be actually pulled back into the materiel, but at the 
same time fresh electrons may be expelled from the surface, so 
that, on the average, as many electrons pass through the surface 
outward as well as inward, so that a balance occurs. Such a bal-
ance is known as dynamic ( moving) equilibrium, end results in e 
certain number of electrons being present outside of the meter-
181. 
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Now suppose the temperature of the substance is increased. The 
thermal agitation of the atoms end electrons within it is in-
creased, more electrons attain velocities sufficient to carry 
them out through the surface, end the electron cloud or vapor in-
creases. We call this expulsion of electrons out of the sub-
stance " emission", and because it is due to heat, " thermal emis-
sion". There are otter means of expelling electrons from a sub-
stance, such as by the action of light, but at the present time 
the thermal method is the best in that the greatest number of 
electrons can be expelled from a material by this means. The 
student should appreciate the importance of this action. Hither-
to, in order to pull the electrons out of the materiel, extremely 
high potentials were required. Now, by the simple expedient of 
heating e suitable materiel to a dull red heat, the same effect 
can be had with far less trouble and expense, and it is for this 
reason that thermionic tubes have attained their present import-

ance in science end industry. 

THE EDISON EFFECT 

The story of the discovery that conductors at high temperatures 
emit electrons is rather interesting. After Edison invented the 
incandescent electric lamp, he noted that the glass envelope of 
the lamp became coated in time with a black deposit. This action 
he attributed to the glowing filament, and so he placed a metal 
plate inside the bulb, end ran a wire from the plate through the 
glass outside to one termintil of a galvanometer. The other ter-
minal he connected to one side of the filament. He found that a 
small current flowed ( as registered on the galvanometer) be-
tween the cold metal plate and the hot filament. This was very 
strange, as hitherto extremely high voltages were required to 
cause a current to flow through an evacuated space. This cur-
rent flowed only when the filament was hot ( incandescent), so 
evidently the temperature of the filament played a most import-
ant role in the flow of this current. Moreover, current flowed 
only when the second terminal of the galvanometer was connected 
to the positive side of the filament. This phenomenon created a 
greet deal of interest in scientific circles, and was known es 
the "Edison Effect". We now know that this current flow was due 
to the electrons emitted from the heated filament, and that the 
blackening of the bulb was due to another cause, namely, the con-
densation upon the relatively cool wells of the bulb of the car-
bon vapor which was also emitted by the incandescent filament. 

The Edison Effect was investigated by Fleming, who introduced it 
to the art of radio, and employed it as a detector in the recep-
tion of radio waves. Others began to investigate the properties 
of this tube, both from a theoretical as well as practical stand-
point, and the subsequent development was rapid indeed, until to-
day we have scores of different tubes, each adapted for a specific 
purpose. 

THE RECTIFYING ACTION  

Let us study the action of a typical two- element tube, or diode. 
It /Its the appearance shown in Figure 1, and in Figure 2 we see 
its two elements. "A" is the filament, and " B" the plate, which 
is a cylinder of metal surrounding "A". A battery " C", is used 
to beat "A" to a temperature sufficient to cause it to emit elec-
trons, as shown by the cloud around it. The reason electrical 
heating is employed is that it is the cleanest form of heat, and 
no products of combustion are liberated within the tube. As a 
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when h portion or the pu th or circuit conttiins b materiel having 
no free electrons und no positively charged incumplfite atom9, 
that the electrons cannot proceed rurward, bud we have wheit we 
call an open circuit. At this point it is well to emphasize the 
important reutures or an ordinary conductive circuit, namely, 
that such a circuit is characterized not only by free electrons 
that are capable of moving, but also by positive lun8 ( from 
whence these electrons mile) and which ions tend to hold the 
electrons in the material against their repulsive efrect upon 
each other. Otherwise the electrons would repel each other out 
of the circuit into free space or even into the insulation sur-
rounding the conductive material. It is thus evident that these 
incomplete atoms are just es important as the insulation in keep-
ing the electrons confined to the path which we cell e circuit 
The incomplete positive ions hold the electrons within the con-
ductive material, the insulation, having no Incomplete atoms, ex-
erts no counter pull on the electrons to pull them out of the 
material, and also tends to keep the circuit apart from any other 
conductive material whose positively- charged incomplete atoms 
would come in contact with the above circuit end lure the free 
electrons out of it. If the student grasps the full significance 
of the above, he is in e better position to understend the action 
of the vacuum tube. 

THERMIONIC EMISSION  

Now let us examine what happens when a piece of conductive 
material is heated. The atoms are caused to vibrate more in-
tensely due to their greater thermal energy content, as are also 
the free electrons. Due to the random nature of their motion, it 
is evident that some of the atoms and electrons attain higher 
velocities at some moment than others, due to e series of collis-
ions which happened to accelerate them continuously in one dir-
ection. Others would happen to collide with other electrons and 
atoms in such manner as to be stopped for the moment. Thus, the 
velocities attained by the particles are not all equal, but where 
so many are involved, we can imagine an average velocity, which 
the majority of the electrons, for instance, have, and also high-
er and lower velocities belonging to fewer electrons that happen 
to depart from this average velocity at some particular moment. 
As the temperature of the material is raised, the average velo-
city is increased, and a certain number of electrons may even 
reach extremely hie velocities. 

These latter electrons may happen to approach the surface at this 
high velocity, and the positively-charged incomplete atoms may be 
unable to bring them to a stop, so that they actually fly right 
through the surface out into the open. Once out, they may hover 
around the material like a vapor above e liquid, end thus form a 
cloud of electrons about the material. The material is thereby 
left with an excess of protons, i.e. a positive charge, and will 
try to pull the electrons back again. Those near the surface may 
therefore be actually pulled back into the materiel, but at the 
same time fresh electrons may be expelled from the surface, so 
that, on the average, as many electrons pass through the surface 
outward as well as inward, so that a balance occurs. Such a bal-
ance is known as dynamic ( moving) equilibrium, end results in e 
certain number of electrons being present outside of the mater-
ial. 
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Now suppose the temperature of the substance is increased. The 
thermal agitation of the atoms and electrons within it is in-
creased, more electrons attain velocities sufficient to carry 
them out through the surface, end the electron cloud or vapor in-
creases. We cell this expulsion of electrons out of the sub-
stance " emission", and because it is due to heat, " thermal emis-
sion". There are otter means of expelling electrons from a sub-
stance, such as by the action of light, but at the present time 
the thermal method is the best in that the greatest number of 
electrons can be expelled from a materiel by this means. The 
student should appreciate the importance of this action. Hither-
to, in order to pull the electrons out of the materiel, extremely 
high potentials were required. Now, by the simple expedient of 
heating e suitable materiel to a dull red heat, the same effect 
can be had with far less trouble and expense, and it is for this 
reason that thermionic tubes have attained their present import-

ance in science end industry. 

THE EDISON EFFECT 

The story of the discovery that conductors at high temperatures 
emit electrons is rather interesting. After Edison invented the 
incandescent electric lamp, he noted that the glass envelope of 
the lamp became coated in time with a black deposit. This action 
he ettributed to the glowing filament, and so he placed a metal 
plate inside the bulb, end rein a wire from the plate through the 
glass outside to one terminal of a galvanometer. The other ter-
minal he connected to one side of the filament. He found that a 
small current flowed ( as registered on the galvanometer) be-
tween the cold metal plate and the hot filament. This was very 
strange, as hitherto extremely high voltages were required to 
cause a current to flow through an evacuated space. This cur-
rent flowed only when the filEiment was hot ( incandescent), so 
evidently the temperature of the filament played a most import-
ant role in the flow of this current. Moreover, current flowed 
only when the second terminal of the galvanometer was connected 
to the positive side of the filament. This phenomenon created a 
greet deel of interest in scientific circles, and was known es 
the "Edison Effect". We now know that this current flow was due 
to the electrons emitted from the heated filament, end that the 
blackening of the bulb was due to another cbuse, namely, the con-
densation upon the relatively cool wells of the bulb of the car-
bon vapor which was also emitted by the incandescent filament. 

The Edison Effect was investigated by Fleming, who introduced it 
to the art of radio, and employed it as a detector in the recep-
tion of radio waves. Others began to investigate the properties 
of this tube, both from a theoretical as well as practical stand-
point, and the subsequent development was rapid indeed, until to-
day we have scores of different tubes, each adapted for a specific 
purpose. 

THE RECTIFYING ACTION  

Let us study the action of a typical two- element tube, or diode. 
It has the appearance shown in Figure 1, and in Figure 2 we see 
its two elements. "A" is the filament, and "B" the plate, which 
is a cylinder of metal surrounding "A". A battery "C", is used 
to teat "A" to a temperature sufficient to cause it to emit elec-
trons, as shown by the cloud around it. The reason electrical 
hetting is employed is that it is the cleanest form of heat, and 
no products of combustion are liberated within the tube. As a 
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result u vacuum may be muintuineU within it, so that nu gts atoms 
will interfere with the evolution of electrons from the filament. 
The current, end hence temperature of the lattcr may be control-
led by meuns of rheostat F. It Is also well to mention bt this 
point that battery "C" is celled the " A" battery, to distinguish 
it from the other battery " D", which is connected between the 
plate end one side of the filement, und which is culled the " 13" 
battery. E is a milliammeter used to detect end measure any 
current that may flow from the filtment to the plate within the 
tube, end thence back externally through "E" end " D" to the fil-
ament again. 

If such a circuit be set up, it will be found that current flows 
in the plate circuit, as described above, only If the plete is 
made positive with respect to the filament. If the connections 
of battery "D" in the plate circuit be reversed, no current 
flows! The reason for this behavior is that the filament is 
emitting electrons due to its high temperature. Electrons are 

Figure 1 
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Figure 2 

negatively charged purticles, and will only be attracted to the 
plate when the latter is positively charged, i.e. when the posi-
tive terminal of the " B" battery ( labelled "D" in Figure 2) is 
connected to the plate, and the negative side to some point of 
the filament ( in Figure 2 we show it connected to the positive 
end of the filament, although the negative end could be used, or 
connection made to any intermediate point of battery " C"). This 
is the same thing as saying that the E.M.F. of the "B" or plate 
battery must be in such direction as to pull electrons within the 
tube from the filament to the plate. 

Now suppose we reverse the plate ("B") battery. The plate is now 
negative with respect to the heated filament, and consequently 
repels the electrons emitted by the latter beck into the filament 
again. Since the plate is cold, and therefore not emitting elec-
trons, the plate buttery cannot send electrons from the cold 
plate to the heated filament, i.e. no current flows. We there-
fore see that the tube acts as a kind of check- valve or one-way 
circuit: current can flow in one direction ( electrons from the 
hot filament to the cold plate and thence around through the ex-
ternal plate circuit back to the filment again)i but not in the 
opposite direction. While magnetic relays can be built to open 
the circuit when reverse current tends to flow, the 'action is not 
so quick as in the cease of the ebove thermionic tube. There are, 
however, certain devices such as the alurenum rectifier which 
function like the above tube, but the latter is superior to these 
others in that practically no reverse current flows, even when 
the reverse potential ( or inverse potential as it is called by 
engineers) is very hie. Other types of rectifiers usually 
allow a small reverse current to flow. 
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PLATE CURRENT CHARACTERISTICS 

SPACE CHARGE AND SATURATION CURRENT 

Before studying the practical uses to which this tube may be put, 
let us acquaint ourselves more thoroughly with its behavior. 
Let us employ the circuit shown in Figure 2, but so arranged that 
the plate can be connected to any terminal or tap of the plate 
battery, that is ---- the plate can be given any positive potential 
we desire. Let us see how the plate current varies with the 
plate potential. At first the student would think that as long 
as the plate is positive at all, it should attract every electron 
emitted by the filament to itself. This, however, is not the 
case, and is due to a property of the tube called the space 
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Figure 3 

charge. As a resuiu of this space charge, the plate current in-
creases as the positive plate potential is increased, and Figure 
3 shows this state of affairs. At first, as the plate potential 
is increased from410 volts, the, plate current increases very 
slowly to a value of "A". As we increase the plate voltage still 
further, the plate current begins to rise more rapidly until at 
about a plate potential of about 50 volts, it begins to taper off 
again, so that from point " C" its increase is less and less until 
at a plate potential of 70 volts and higher (not shown on graph), 
the plate current remains constant at a value of about 0.97 milli-
am ere. 

We shall now explain the curve. The first part of the curve 
shows that as the plete voltage is increased, the plate current 
Increases. This is a condition encountered in ordinary circuits, 
namely, that the current increases with the voltage. However, in 
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most circuits the current increcses in direct proportion to the 
voltage, that is, twice the voltage produces exactly twice the 
current, and the ratio of the voltage to the current is 8 con-
stant und called the resistance This is nothing but e 
statement of Ohm's Law. Ir we examine the left-hand pert of the 
curve in Figure 3 ( up to point " C"), we find that the current in-
creuses at a rete faster than in proportion. From theoretical 
considerations it has been shown that the current is proportionel 
to the three- halves power of the voltage, or, expressing it math-
ematically in equetion form 

sm. kE 3/2 

where k is a suitable constant. 

However, the average tube, as constructed, departs from the above 
relation, so that the student need only remember that the plate 
current is not in direct proportion to the plate voltage, but in-
creases ut a rete greater than it. This is an important point, 
particularly in the case of the three-mbelement tube, i.e. ---- a tube 
having a grid as well as plate and filament. Here this effect is 
utilized in detecting radio frequency currents and vacuum tube 
voltmeters. It is also a troublesome feature in amplifiers, 
particularly audio amplifiers, as it is the cause of the produc-
tion of harmonics in the output of the plate circuit, and the 
amplifier must be designed to eliminate this bad effect. The 
push-pull amplifier is e particularly successful solution to this 
problem. 

Mention was made above that while we should expect even a small 
positive plate potential to pull over all the electrons emitted 
by the cathode ( filament), actually we required a rather high 
voltage to do this on account of the space charge. This latter 
effect can be explained as follows. The electrons that ere 
emitted by the filament repel those that are to be emitted. In 
turn those that are to be emitted repel those already out further 
away from the filament. Thus a cloud of electrons forms around 
the filament, and some of the outermost electrons may even be re-
pelled to the plate, upon which they "plate" out, i.e. are held 
and thence flow through any external circuit back to the filament 
again. Thus, even when no "B" battery is used in the plate cir-
cuit, a current may flow amounting to several micro- amperes 
(millionths of amperes). However, the cloud of electrons present 
between the filament and plate tend to prevent the positive plate 
from pulling any but those electrons nearest to it. The elec-
trons may therefore be regarded as shielding other electrons from 
the pull of the positive plate. 

A more detailed way of looking at the space charge is the follow-
ing. The student is aware that a positive charge ( produced by 
one or more protons) is attracted to a negative charge ( produced 
by one or more electrons). Since the human mind cannot conceive 
of this action at a distance through empty space or vacuum, we 
imagine that between these charges there are lines of force, or 
strains in the ether pervading all space, called electrostatic 
lines of force, and that these, by their inherent tendency to 
contract, tend to pull the charges together. In the same way two 
like charges either both send out or receive lines of force ( de-
pending upon whether they are positive or negative, respectively). 

Since these electrostatic lines of force have another innate 
property that they do not cross one another because they repel 
each other sidewise, it is evident that the field of one charge 
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and that of the other are bent away from each other in an effort 
not to cross, and so repel one another and thus the charges pro-
ducing or receiving them. We also imagine that there is one 
unit electrostatic line of force between each unit positive and 
negative charge. Therefore, if there is a preponderance of one 
charge or the other, there will be an excess of lines of force 
from these which cannot terminate on the opposite charge in the 
vicinity, and therefore must go off to other opposite charges, 
no matter how far away. We see therefore that only a portion of 
the greater charge will be affected by the lesser charge, and 
the remainder will not. 

Now let us see how this applies to the vacuum tube. First we 
must ask ourselves, how does a "B" battery make the plate posi-
tive with respect to the filament? A battery develops an 
electro-motive force, ( E.M.F.) which means a force on the elec-
trons present in the battery circuit. When the positive termin-
al of the battery is connected to the plate, and the negative to 
the filament, a force is developed tending to pull the free 
electrons out of the plate and into the filament. The plate is 
thus left with an excess of incomplete, positively- charged atoms 
(from whence the free electrons came), and these send out elec-
trostatic lines of force to the electrons emitted by the fila-
ment. If the battery has a low E.M.F„ comparatively only a few 
positive charges are produced on the plate, and therefore only e 
correspondingly few number of electrostatic lines of force are 
sent out to the emitted electrons. As a result, only these are 
pulled over to the plate, and the remainder of the emitted elec-
trons are unaffected and remain as a cloud about the filament. 
When the plate is made more positive ( higher battery E.M.F.), 
more lines of force are established, more emitted electrons are 
acted upon and pulled over to the plate, and the plate current 
is therefore increased. Thus we find that the current flow is 
proportional to the plate potential, that is, of all the elec-
trons emitted, not all are pulled over to the plate for low 
potentials, as might et first be expected, but instead, a cer-
tain definite high potential is required to move ell the emitted 
electrons over to the plate. 

The student should note that for all reasonable values of plate 
voltage such as employed in ordinary operation of the tube 
the potential is incapable of actually pulling the electrons out 
of the filament. Only the heat can do this, but once the elec-
trons have been emitted, the plate potential can pull them over 
to the plate in amounts dependent upon its value. 

We have thus explained the space charge effect, which prevents 
ell the emitted electrons from being pulled over to the plate un-
less its potential is sufficiently greet. Now let us see what 
happens if we make the plate voltage great enough. In this case 
all of the emitted electrons are pulled over to the plate, and 
the current has a definite value. Suppose we increase the plate 
potential. It is still far too low to affect the filament 
emission, so that the current is still limited to the above def-
inite value determined by the rate at which the filament emits 
electrons. This in turn depends upon the tempeibeture of the 
filament, so that we find that the plate current reaches a cer-
tain definite maximum value, and it does not increase thereafter 
even though the plate potential is increased many fold. This 
maximum value is called the saturation current, and is represen-
ted in Figure 3 by the right-hand bent portion of the curve 
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after point " C". If the plute potential hud been increased be-
yond 70 volts, the plute current would still have remained about 
0.97 milliampere, the saturation current for the tube. 

Suppose now we increase the temperature of the filument by piss-
ing more current through it from the " A" buttery. The rute et 
which the filament emits electrons is now greater, end therefore 
we may expect the seturation current to be increased. Such is 
found to be the case, and in Figure 3, the dotted portion of the 
curve, terminating in point "D", shows how the current has in-
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creased to a higher saturation value ( at point "D") of about 
1.05 milliamperes. Any further increase in plate potential will 
not result in any increase in plate current, the filament simply 
will not pass out any more electrons per second than that re-
quired to constitute the above plate current. 

In Figure 4 the same facts are presented in slightly different 
form. Here we have filament current plotted along the horizon-
tal axis ( abscissa) instead of plate voltage. The vertical dis-
tances ( ordinates) represent, as before, plate current. As the 
filament current is increased, the temperature of the filament 
goes up, too, so that the abscissa represent to some other scale 
filament temperatures. For the two curves ( shown in solid and 
dotted lines, respectively), two values of plate voltage have 
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been chosen which are high enough to produce saturation currents 
until the filament is near its maximum temperature. Consequently, 
for low temperatures, we see from Figure 4 that the plate current 
represents the saturation current, as the plate voltage is suffi-
cient to pull over every electron emitted by the filament. 

Let us examine the solid curve first. For values of filament 
current less than, or at most equal to "G", the curve represents 
saturation currents. As can be seen, the higher the filament 
tempertiture, the greater is its electron emission, end hence the 
greater the saturation current. For values of filament current 
greater than " G", however, the plate voltage is insufficient to 
pull over the additional electrons emitted and so the current 
approaches a limiting value which, under these conditions, is not 
determined by maximum emission, but by space charge. From point 
"E" on, the current remains fairly constant, because es the fila-
ment temperature, hence electron emission, is increesed, the sur-
plus electrons begin to form a cloud uround the filament, the 
plate potential is inadequate to handle the excess, end the cur-
rent therefore remains at the same value. 

The student should study both Figures 3 end 4 very carefully. 
Although the curves in both figures resemble each other in form, 
they represent totally different conditions. In Figure 3, the 
left-hand part of the curve represents current limited by space 
charge. In Figure 4, the left-hand part of the curve represents 
saturation current. Similarly, the right-hand parts represent 
saturation and space charge currents, respectively, so that the 
two figures are in a sense, the opposites of each other. 

Referring once more to Figure 4, let us examine the dotted curve. 
This curve shows the variation in plate current with filament 
temperature when a higher fixed "B" voltage is used. The left-
hand pert of this curve coincides with the solid curve. This is 
to be expected, as in this pert of the curve the current is 
limited by the filament temperature regardless of the plate 
voltage. From point " G" on, however, the higher plate voltage 
prevents a space charge from forming because it is still greet 
enough to handle all the electrons emitted, and it is not until 
point " F" is reacted that the filament temperature becomes great 
enough to emit more electrons than the higher plate voltage can 
handle, so that the space charge can bepin to form and limit the 
plate current to the higher velue of " CF". Thus, the dotted 
curve lies above the solid one, since it requires a higher fila-
ment current to develop a space charge et the higher plate 
potential. 

FACTORS INFLUENCING THERMIONIC EMISSION 
• 

Let us now study the action of the filement, or cathode, in 
greater detail. The first experimenters ran into all sorts of 
erratic results when studying the action of the vacuum tube, and 
many of these were traceable to the abnormal behavior of the 
filament. Mention was made earlier in the text that et normal 
temperatures the electrons cannot break through the surface of 
the materiel on account of the backward pull of the incomplete 
atoms within the materiel. Mention was also made that if another 
material having incomplete atoms were brought into contact with 
the first, the forces on the electron would be balanced, end it 
could therefore move through the surfaces of contact. When the 
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electron is emitted from a substblice by heat, its ability to 
pass out of the substance depends to u great extent upon whet 
other substance is in contact with the first. 

As 8 concrete example of this, let us take the case of tungsten 
in the form of a filament. Certain of the earlier tubes were 
found to be very erratic in their behavior. While in many ceses 
this was due to the ionization of the residual gas in the tube, 
in other cases this was found to be due to the effect of certain 
gases upon the tungsten filament used. Thus, when water vapor 
was present, it seemed to poison the filament and prevent it 
from emitting electrons. From a scientific viewpoint, the 
amount of energy required to move the electron from within the 
tungsten to outside of it was increased by the presence of 
water vapor. An opposite case is that of platinum. The elec-
tron emission of platinum is greatly increased by the presence 
of hydrogen occluded in its surface. The amount of gas neces-
sary to affect the emission may be so smell that it will not 
show any ionization, even et high potentials. ( Ionization will 
be explained in the text). 

TYPES OF CATHODES 

Due to the high temperature required for the emission of elec-
trons, few materials are available for commercial use. The ones 
most commonly used at the present time are tungsten, thoriated 
tungsten, and oxide- coated filaments. 

la) Tungsten 

Tungsten is not a very profuse emitter of electrons, but 
due to the fact that it can be operated at a very high temper-
ature without deteriorating, it is extensively used in the 
larger tubes which require intense heating of the elements durmw 
ing manufacture to drive out as much of the occluded gases in 
the tube as possible. Moreover, since the tungsten filament 
can be operated at incandescence, it is e fairly good emitter at 
this temperature. 

b) Thoriated Tune!en 

Thoriated tungsten consists of a tungsten filament to 
which has been added a reducing agent ( usually carbon) and one 
to two per cent of thorium oxide. The filament is heated to a 
hie temperature for one or two minutes ( called flashing) and 
then glowed for several minutes at a lower temperature. Flash-
ing cause8 the carbon to absorb the oxygen from the thorium 
oxide and reduce the latter to metallic thorium. Glowing then 
causes the thorium to diffuse from the interior of the filament 
to the surface, where it forms a coating or layer one molecule 
deep. It is this exceedingly thin layer of thorium on the 
filament surface that causes the emission of electrons for a 
given temperature to be many thousand times that of pure tung-
sten, and for a reasonable emission the thorieted filament can 
be operated at a far lower temperature than a tungsten filament. 
During normal operation the thorium at the surface is being 
continuously evaporated, but replenished by diffusion of thor-
ium from the interior to the surface. If the filament is oper-
ated at too hie a temperature ( too much current through it), 
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the rate at which the thorium is evaporated exceeds the rate at 
which it is diffused to the surface, and the filament ceases 
emitting electrons because the temperature is even then too low 
for appreciable emission from tungsten, which is what the fila-
ment really is when there is no thorium on the surface. The 
filament can be rejuvenated by "flashing" the filament for 20 
to 30 seconds at three to four times normal volt8ge ( with zero 
plate voltage) and then burning it for a half to one hour at 
4'5 to 40 per cent overvoltage. Additional thorium oxide is re-
duced to metallic thorium by this process and then diffused to 
the surface to form a fresh monatomic layer of thorium. 

Thoriated tungsten filaments are now used for moderate power 
tubes ( for generating a few hundred watts as an oscillator). 
For this service they are somewhat better than the oxide-coeted 
filaments to be described subsequently. For higher power tubes, 
requiring hie plate voltages, this filament is subject to the 
same objection as the oxide-coated filaments; the positive ions 
formed from the gas tend to strip the surface layer of thorium 
as they bombard the filament at hie velocities due to the high 

plate voltage. 

c) Oxide-Coated Cathode 

The oxide- coated cathode uses a mixture of barium and 
strontium oxides as a coating on a nickel alloy filament or 
base. In the manufacture a process of "forming" is employed, 
during which the emitter is glowed for several minutes at a 
temperature higher than the normal operating value, and then a 
strong positive electrostatic potential gradient is applied 
for several minutes ( 2 to 30 minutes). The emission during 
this latter period increases, and when it has reached a com-
paratively high value the electrostatic field end filament temp-
erature are reduced to a lower value, which is maintained for 
an additional period. This process may very somewhat between 
manufacturers, but is essentially es descrited above. 

The initial hie temperature causes some of the oxide to break 
down into ions, and the positive ions ( of barium and strontium) 
are repelled by the positive electrostatic gradient into the 
oxide and up against the surface of the metallic core where they 
become atoms once more by taking up electrons from the core. 
They then diffuse to the surface of the oxide coating ( which is 
porous) and gradually build up a surface layer of barium and 
strontium atoms. Here they emit electrons once more, and once 
again become positive ions. At the beginning of this lesson it 
was explained that electrons cannot leave a material because in 
doing so they would leave all the positively- charged "bereaved" 
atoms in the material behind them, und the pull of these latter 
would be so great as to prevent the electrons from leaving un-
less there were positive ions in front of them, too. That is 
the case here, an electron, upon leaving the metal core is 
pulled to the surface by the barium and strontium ions, so that 
a considerably lower temperature is required for the filament. 
Then, since barium and strontium are fairly high up in the elec-
tro-positive scale, they readily give up the electron to the 
region within the tube, i.e. emit the electrons. As in the case 

V13#8 



lo 

of the thoriated-filament, barium and strontium ure being con-
tinuously evaporated from the surfuce or the filament, but also 
replenished by diffusion from within the oxide coating. Oxide-
coated filaments operate at but a dull red heat, and ere there-
fore very efficient, but, es mentioned above, are limited to 
tubes employing moderate plate voltages ( no greeter than 500 
volts or thereabouts). The reeson is that in the manufacture 
they cannot be heated to as hie a temperfiture as other types 
of filaments or otherwise the oxide coating will be damaged. 
Consequently the occluded gases cannot be removed as completely 
as in the case of tungsten emitter tubes, for instance, and Lt 
high plate potentials this gas will ionize excessively, and 
produce various ill effects, among which is the stripping of 
the surface layer of the emitter by the bombardment of the high-
speed positive gas ions. 
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d) Indirectly Heated Cathode  

The indirectly heated cathode is rarely used in diodes, 
but will be mentioned here. It consists of a heater element, or 
filament, ( which is heated by passing u current through it), and 
an emitting surface surrounding the heater and heated to an 
emitting temperature by the latter. The heater element and the 
emitting surface ( cathode) are usually electrically insulated 
from one another, so that one may be positive or negative to the 
other as desired. Figure 5 shows one form of construction. A 
heater filament of tungsten wire is inbedded in a tube of cera-
mic ( porcelain) insulating material. Surrounding the insulating 
tube is a thin metal sleeve coated with the oxides of barium and 
strontium. Since there is Ein appreciable temperature drop in 
the ceramic insulator, and since the heater cannot be operated 
at more then e white heat, the cbthode cannot be made to attain 
more than u red heet. Due to the use of the oxide costing, how-
ever, this is sufficient to give the required electron emission. 
The cathode sleeve not only furnishes electrons, but acts es a 
shield as well, and prevents alternating current in the heater 
from introducing variations in the plate current. This is of 
importance in the case of the three-element tube, etc, and ex-
plains the use of the indirectly- heated cathode type tube in 
spite of the greater heater power which it requires for a given 
electron emission. 
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TUBE VANUFACTURE 

Brief mention will be made here of the manufacture of tubes. 
First a length of glass tube is fed through a machine which heats 
it progressively by means of a series of little gas jets until 
the end is at a bright yellow heat and therefore plastic. Here-
upon a rotating core is pushed partly into it, spreading the end 
open, und the glass tube is now known as a flare. It is pushed 
on through the machine to another ring of gas flames which heat 
it at the proper distance from the flared end, and e revolving 
glass cutter then cuts it to the proper length. 

It is then inspected and placed in the stem machine, where the 
metal supports and wires are inserted. ( These are first cleaned 
of their tarnish by heating in an atmosphere of hydrogen). The 
parts are lined up very accurately in the flare by means of a 
metal jig, or templete, and then a piece of glass tubing, for ex-
haust purposes, is automatically lowered into the center of the 
assembly. It is then carried through another series of flames 
which melt the glass above the flare at e point where it is to be 
welded to the wires. Since the coefficient of expansion for 
glass is different from that for ordinary metal, the latter hits 
short sections of e specibl metal called "dumet" to which the 
glass is welded or squeezed by metal jaws. Dumet metal hes the 
same coefficient of expansion as glass, so that the weld will not 
creek apart upon cooling. Previously the far more expensive 
platinum wire was used for this purpose. The assembly is now 
celled a " press". While still hot, compressed air is forced 
through the exhaust tubing to blow a hole through the soft glass 
below the pinch. This hole will later serve for the evacuation 
of the glass bulb. The press is then annealed to remove any 
strains set up, inspected for imperfections, and then sent to the 
stem- forming machine, where the wire supports ere bent to the 
proper shape to take the parts mounted thereon. 

The plate, made upon another machine is mounted on its supports, 
es well as the filament, and the " getter" cup fastened. This 
contains pellets of magnesium, end is for the purpose of re-
moving any residual gases, es well as subsequent maintaining of 
a vacuum. If a cathode type tube is to be made, the cathode, 
consisting of the heater wire enclosed in a metal sleeve from 
which it is insulated, is inserted after the plate has been 
mounted, and welded to the proper terminals. The active material 
is then sprayed on the sleeves, and great care is exercised to 
maintain a uniform coating and thickness. It is then baked and 
inspected. 

The assembly is now called e mount, and is inspected for short 
circuits, etc., and then transferred to the sealing- in and 
exhaust machine. : t is placed on a rotating support ( sealing 
head), a glass bulb lowered over it, and a flame applied to the 
junction of the flare and the bulb. The rotation of the sealing 
head carries the tube into hotter and hotter flame areas, and the 
glass joint thereby fused. At the same time the bulb is 
annealed and thus relieved of any strains. 

The tube is now brought to the exhaust section of the machine 
where exhaust pumps draw out all the air in successive operations. 
Usually an oil exhaust pump is used first to draw out the bulk of 
the air, and then a molecular type air pump for the remaining 
rarefied air. At the same time the metal parts are heated to 
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drive out the gun that dimmiliven ln the "mull hrld °lingo to 
lte surrmoo, us this gua would bo evulvtll luter durine the 
operation ut the tube and thud dpoll the vtouum. lhe hebtlng ln 
done either by eleotronic bortibtrdwelit within the tut, or, more 
usually, by inducing current In the phrtm by WeBilb Ur o coil 
lowered over the tube, which cull ctirrlebh1h rrequ“noy currents. 
These induce, by megnetle Induction ( trandrorwer actlun) currents 
in the metal parts, thus heating them and driving out the 
occluded gases, which the exhbust puwp then rewoves. 

glen the exhaust lo nearly completed, the getter is flashed by 
the coil beinc, lowered to where the cup containing it Is located. 
The getter la vaporized by the heat, and absorbs the residual 
gases thut would be detrimental to the operation of the tube. 
Upon completion of the exhaust the tube is sealed oft and trans-
ferred to the basing machine. 

TO A C 
SUPPLY 

Figure e 

E 

The connection wires are now threaded through the pins of the 
base, the tube pessed through an oven to heat the cement on the 
Inside of the base and harden it to the glass bulb, and then 
connection wires are cut off flush with the base pins and 
soldered to them. The tube is tested and then pieced on u 
"seasoning" rack where the proper voltages are applied to it, and 
it is allowed to " season" until its characteristics become 
stabilized. It is then tested once ugain for defects, and if 
satisfactory, packed for shipment. 

RECTIFYING CIRCUITS 

Due to the property of the vacuum tube of allowing electrons to 
flow from the hot cathode to the cold plate, but not in the 
opposite direction ( because the cold plate cannot emit electrons), 
it is eminently suited, especially in the diode form, to rectify 
alternating current. This means that when en alternating 
potential is applied between the cathode end plate ( anode), cur--
rent can only flow in the direction from the plate to the cathode, 
i.e. electrons flow from the cathode to the plate. 

The point to be noted is that it is the current that is rectified, 
1.e. restrained to flow in one directiorrFay. The applied 
potential is still blternating in character, When the rectified 
current is caused to flow through e resistance, in some part of 
the circuit it sets up an IR drop, the reaction to which is in 
the same direction as the current, that Is, the potential in that 
part of the circuit is direct, whereas the applied potential is 
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alternating in character. The action is very much the same as 
that of e D.C. generator. Here the voltage induced in the 
armature is alternating in character, but the commutator switches 
connections to the external circuit in such manner that the cur-
rent here, and the potential across the load in the external 
circuit, is direct in nature. If these considerations are borne 
in mind, a great deal of confusion will be avoided as the dis-
cussion proceeds. 

HALF WAVE RECTIFIER 

In Figure 6 we see the circuit employed for this purpose. As a 
source of A.C. to be rectified we have the secondary "B" of a 
transformer "A". The other secondbry, "C" is used to heat the 
filament of the diode, "D". It therefore performs the same 
function as an "A" battery, but is far more convenient to employ 
here. one end of secondary "B" is connected to the plate of "D", 
and the other end to the load "E" ( here a resistance). The other 
end of "E" Is connected back to the filament again, thus 
completing the circuit. It will be observed that the tube, 
together with secondary, " C", is in series between "B" and "E". 
Thus, due to its valve action, it permits electrons to flow only 
in the direction shown by the arrow, and not in the reverse 
direction, even though the potential in "B" reverses. It is evi-
dent, therefore, that the current flows every other alternation, 
or half cycle, as shown in Figure 7. Here the solid line denotes 

e 0 

Figure 7 

the current, and the dotted one the alternating voltage. For 
this reason this circuit is called a half wave rectifier, and the 
diode, a half wave rectifier tube. 

Since the potential across "E" is equal at any instant to the 
instantaneous value of the current through "E" multiplied by its 
resistance, the voltage across "E" will have the same shape as 
the current wave, and will therefore be pulsating in character; 
in fact, it will be zero every other half cycle when the current 
through "E" is zero. 

FULL WAVE RECTIFIER  

In order to obtain a more uniform current flow, as well as put a 
more uniform load on the transformer, full wave rectification is 
more often employed. Figure 8 shows a circuit for accomplishing 
this. In this circuit a secondary of twice the voltage is used, 
i.e. secondaries " 13" and "D" each would have the same potential 
of secondary "B" in Figure 6. Also, two tubes "E" and " F", are 
employed. Let us trace the electron flow during either half 
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cycle. Suppose the top end of "B" is positive with respect to 
the center tap, and the bottom end of "D" consequently negetive 
to the center tap. Electrons will then flow from the filament 
of "s" to the plate, thence through " B" around to " 0", and up 
"G" to filament secondary "C" and thus back to the filament of 
"E" again. During this time tube F is inactive, since Its plate 

A 
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Figure 8 

is negative with respect to its filament and cannot draw elec-
trons from it. At the same time, neither can the current from 
"B" go through "D" and "F", but must go through "G" as described 
above. A half cycle later conditions are reversed. The plate 
of "E" now is negative with respect to its filement and thus 
draws no current ( tube "E" inactive), while in "F" electrons 
flow from the filament to the plate, thence up through "D" to 
"G", and also LIE through " G" to " C" and back to the filament of 
"F" once more. The important thing to notice is that in either 
half cycle current flows 11_2 through load " G", i.e. It flows in 
the same direction in both—half cycles, or is D.C. The wave 
shape of the current, and hence the potential across G, is now 
shown by the full line in Figure 9, while the dotted line shows 
the A.C. potential of either secondary "B" or "D". 

Figure 9 

Twice as much current is passed, it is steadier In value ( no gaps 
every other half cycle), and the number of peaks and zero values 
(ripples) have been doubled, which makes this current easier to 
filter, that is, smooth out until it is absolutely steady through 
the load. This is done by placing inductances in series with the 
load, and condensers across the D.C. circuit. A point to notice 
In Figure 8 is the use of a return from the top of load " G" to a 
center tap on secondary "C". This is equivalent to returning 
the current to the center or the filament of either tube, so that 
neither tube has e greater plate voltage acting on it than the 
other due to the filament voltage adding on to the plate voltage, 
This is of some importance in low resistance gaseous rectifier 
tubes, such as the mercury vapor type, but in the cese of the 
hie vacuum rectifier tube this center tap is often omitted, and 
the load return made to one side or the other of the filament 
secondary. 
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FULL WAVE RECTIFIER TUBE 

For moderate voltages, say up to 500 volts, e single tube having 
two plates may be used in place of two diodes for full wave 
rectification. This follows from Figure 8, where it ctin be seen 
that the two tubes have their filaments connected to the same 
secondary. In the two plate or full wave rectifier tube, the 
filament comes in two sections connected in series, with a plate 
surrounding each section. Each plate is connected to a separate 
prong, and the two- section filament to two pronfes. 

INVERSE PEAK VOLTAGE  

It must be remembered that in one direction the tube conducts 
current, and in the reverse it does not. In the direction in 
which it conducts current, the sum of the voltage drops in the 
tube and in the load must equal the impressed voltage between the 
plate and cathode. In a high vacuum tube the drop in the tube 
may be quite hie due to the space charge. In the reverse 
direction the tube does not permit current to pass, so that  et 
least the full A.C. voltage of the secondary connected to it A 
set up between the plbte and cathode. If during this half cycle 
the load still has current flowing throue it due to the circuit 
rectifying full- wave, or due to the use of e filter which mein-
tains a continuous or steudy current through the load, it cen be 
seen that the voltage across the load is in series with that of 
the secondary, and, during this half cycle, in the same direction 
as the latter, so that the total voltage between the ISrieand 
cathode of the inactive tube is the sum of the two. The voltage 
across the load cannot exceed the peak of the A.C. voltage, so 
that the MWEiMUM voltage between the plete and cathode of this 
tube will be peak voltage ( due to the secondary) plus peak 
voltage ( set up across the load), or twice the peek voltage of 
the secondary. This voltage on the reverse cycle is celled the 
maximum inverse peak, which name is self-explanatory, and is the 
highest voltage experienced within the tube. The insulation of 
the tube limits this to some value, and therefore also limits 
the maximum voltege that can be rectified by that particular 
tube. 

HEATING OF PLATES  

At this point it will not be amiss to mention something about 
the heating of the plate in e tube. The electrons emitted by 
the cathode are attracted to the positive plate, which exerts a 
force upon them. Under the impress of this force they ere 
accelerated, and by the time they strike the plate they have 
attained very high velocities, and therefore considerable kinetic 
energy. The resultant collision with the plate causes them to 
give up this energy to the plate molecules, which Eire caused to 
vibrete, and this agitation, as we have seen, is heat. Conse-
quently, if sufficient electrons strike the plate ( large plate 
current), it may get red, and even white hot. It will then emit 
electrons too, so that the tube will cease rectifying. Moreover, 
the plate will eventually disintegrate, if not melt immediately. 
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Under normal operation, the plates are allowed to Fet red hot, 
at which temperature they will not emit epprecleble electrons 
nor disintegrate. 

Since there la a vacuum in the tube, the plate can get rid of 
its heat only by conduction through the lehd-in wires, ( which is 
a small amount) and by radiution to its surroundings (which is 
the principul means). It is therefore generally bltckened with 
a gruphitic deposit to increase its radiating properties. 

EFFECT OF GAS 

We now shall consider the effects of ¡es in e tube. For every 
pressure of gas there is an average distance that un electron 
can travel before striking an atom or molecule, and this is 
called the mean free length of path. Thus, as an electron 
proceeds from the cathode to the anode, it advances but the 
above distance before it strikes e molecule, tnd its motion is 
arrested and kinetic energy, in part-- at least- transferred 
to the molecule. The speed the electron attains in this dis-
tance depends upon its Lccelerbtion, which in turn depends upon 
the anode potential, so that the higher this is, the higher the 
velocity and kinetic energy attained by the electron in its free 
length of peth. An electron may attain so high a velocity that 
upon striking an atom it will disrupt the latter, knock some of 
its orbital electrons off, end leave the atom, as a consequence, 
with a positive charge. It is even possible for an electron to 
knock off as many as six electrons from en atom, so that the net 
result is that a greet many more electrons, as well as positive 
ions are present in the space between the cathode and anode. 
This phenomenon is called " ionization by collision". 

IONIZING POTENTIAL 

• 

Each kind of atom requires e certain force of impact to be 
ionized, which in turn means that the electron must attain a 
certain velocity to perform this task. For a given mean free 
path this requires that the electron "fall" through a certain 
potential, called the ionizing potential. This is usually low, 
and depends, of course, upon the mean free path. The latter in 
turn depends upon the pressure of the gas, for the lower the 
pressure, the more space between the molecules, the less 
potential is required for the electron to attain its necessary 
velocity in this greater distance, and hence the lower the 
ionizing potential. If, however, the pressure is too low, there 
may not be enough molecules present in front of the electrons to 
produce appreciable ionization, hence there is e lower limit to 
the rarefaction of the gas it is desired to ionize. 

In some cases ionization may occur below the ionization potential 
of the gus for that pressure. This occurs when e molecule is 
subjected to successive bombardments by electrons. The first 
impacts are not sufficient to dislodge electrons from the atoms, 
but disturb the equilibrium of the letter, i.e. shift the 
orbital electrons from an orbit of lower energy level to one of 
higher level. In doing so, the bombarding electron yields some 
of its energy to the atom, and is deflected from it with u 
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slower velocity --- hence less kinetic energy. Such a collision 
is deemed inelastic, and the atom gains energy as a result. 
Consequently, if another electron strikes this atom with less 
than ionizing velocity, it may nevertheless cause ionization 
(dislodgment of an electron) to occur by merely continuing the 
work begun by the first electron or electrons. 

In general, if the gas pressure is too high, the amount of 
ionization depends upon whether or not the collisions in the gas 
are elastic or inelastic in nature. If elastic, the electrons 
will rebound without loss of energy and thus may strike another 
molecule with greater impact than the first a-min fact 
sufficient to produce ionization. If inelastic, energy is 
absorbed by the atoms, and subsequent ionization may occur as 
above. Also, these atoms, upon absorbing energy may radiate it 
immediately in the form of light, giving rise to the glow seen 
in a gas when it is ionized. 

EFFECT  OF IONIZATION 

The net result of ionization is that electrons and positive ions 
(bereaved gas atoms) are formed. These have a two-fold effect: 
1) an increase in the number of electrons and ( 2) a reduction of 
the space charge around the cathode by the counter-acting 
presence of the positive ions. 

The amount of additional electrons formed is usually small, 
particularly at hie vacuum. But the reduction in negative 
space charge by the positive ions is very great, and the increase 
in plate current very marked when ionization sets in. The 
reason for this is that the positive ions formed are very heavy 
and immobile compared to the electrons and therefore they con-
gregate near the cathode and "plate" out on it comparatively 
slowly. Consequently they remain Interspersed between the cloud 
of electrons around the cathode for an appreciable period of 
time and neutralize the negative space charge to such an extent 
that very little positive potential is required between the 
cathode and anode to cause quite e current to flow to the latter. 
In this way the voltage drop in a rectifier tube is decreased 
considerably and more of the A.C. voltage is available across 
the load. 

The above action is somewhat nullified by the formation of heavy 
negative ions due to neutral gas atoms sticking to electrons and 
moving very slowly towards the anode so that they, too, remain 
interspersed between the electrons in the cloud around the 
cathode and thus tend to neutralize the effect of the positive 
Ions. Other secondary effects, such as the recombination of 
positive ions and electrons to form neutral atoms once more, 
photo-electric effects on the cathode and anode from the glow 
produced, and similar effects, are also produced. 

DISADVANTAGES  OF IONIZATION  

Ionization may be desirable or undesirable, according to require-
ments. Thus, in a three-electrode tube ( triode), where e grid 
is relied upon to control the anode current, the positive ions 
tend to interfere with the action of the grid and thus give rise 
to erratic effects. In such tubes a very high vacuum is 
employed, so that the probability of an electron striking a gas 
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molecule in the path between the cathode und buode is rbther 
remote. Hello() sole ooutrol of the plate current is by mewls or 
the grid, as is desired, end reproducible effects can always be 
obtained. 

ADVANTAGES OF IONIZATION 

e) Tur4etr end  Rectigon Tubes 

Gus mentioned above is of great value in diodes, 
particularly where employed for rectifying purposes. Here the 
voltage drop, hence power loss, in the tube is smell, and much 
higher rectification efficiency can therefore be obtained. Ex-
amples of such a tube are the Tungar and Rectigon ( trade names) 
rectifiers. Figure 10 shows the construction. "A" is the 
filament --I- of tungsten -- and "B" is the carbon anode, connection 
to which is made at the top. The tube is filled with argon at 
a fairly low pressure, and this furnishes the positive ions. 

Figure 10 

As a result, several amperes can be passed through the tube with 
only a moderate voltage drop, whereas if a hie vacuum were 
employed, a much higher voltage drop would pass only milli-
amperes. 

Argon is used because it has several advantages: 

1) It has no surface effects upon the tungsten filament so as 
to decrease its emission. 

2) It is chemically inert, and does not react with either film 
ament or plate in any way. 

3) It has very little tendency to form negative ion clusters 
i.e. groupings of electrons and neutral argon atoms, and 
hence its positive ions have full sway in reducing the 
space charge. 

Tuner tubes ere used to rectify A.C. et moderate voltages, up 
to about 150 volts. Above this voltage there is danger that the 
ges will break down on the inverse peak voltage and cause 
reverse current to flow thus destroying the rectifying action. 
An interesting feature is that after the (action has started, the 
filament current can be shut off and emission still continues. 
This action is due to the bombardment of the filament by the 
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positive ions, which raises the temperature of the filament end 
causes it to continue emitting electrons. The strong electro-
static field of the positive ions helps to pull electrons out 
of the filament, too. However, this action tends to get 
localized to one portion of the filament, since if that portion 
happens to emit more electrons than the other parts, it attracts 
more positive ions, which, in bombarding it, raise its tempera-
ture and cause it to emit more electrons, and so on until that 
part of the filament burns out. Therefore filament current is 
maintained to equalize the action, and to cause the filament to 
emit sufficient electrons to form a thin cloud about it just 
sufficient to protect its surface from the positive ions. The 
object here is to furnish electrons so fast that the positive 
ions are taken care of by the electrons and so cannot get to the 
filament itself and disintegrate it. This means that the plate 
current should not exceed the normal filament emission, und this 
is the normal operating condition for a gaseous conductor tube. 

Figure 11 

Full-Wave Mercury-Vapor 
Rectifier, Type 

RCA-82 

b) mercury Vapor Tube  

Another type is the mercury-vapor tube in its many differ-
ent forms. The Type 82 is shown in Figure 11. Mercury vapor 
has several advantages over other gases and vapors: 

1) The vapor pressure of liquid mercury is sufficiently 
low so that the liquid itself may be introduced into the 
tube, and yet not give rise to too much vapor and 
excessive ionization and "beck-flash" even under fairly 
high operating temperatures. As a consequence, any vapor 
absorbed by the parts of the tube is replenished from the 
pellet of mereiry in the tube, whereas in tubes using 
fixed gases trouble is sometimes encountered in that the 
gas is absorbed by the elements of the tube and the 
amount available decreases to such an amount that 
insufficient ionization results. 

2) The positive ions formed are very heavy and therefore 
immobile. Consequently they move very slowly through the 
electron cloud and thus help to overcome the space charge 
very thoroughly, instead of being neutralized very quickly 
by electrons in the cloud or directly from the filament. 
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M The comparative immobility of the positive ions mike it 
difficult for thew to move to the plfite on the inverse 
vol tuse. Consequently they cbnuot take electrons uway 
from the plute during this huit cycle, or no reverse 
current flows, even though the inverse peak-voltege, hence 
voltage to be rectified, is very high. Mercury vapor 
tubes can be used to rectify A.C. at thousands of volts 
potential. 

4) Mercury vapor has less tendency than many other vapors 
or gases to form negative ion clusters. Therefore the 
neutrelimtion of the space charge by the positive Ions is 
not nullified by the presence of these negative ions. A 
point of interest in this matter is that the ionizing 
potential of mercury vapor under normal temperatures end 
pressure is about five volts. Sufficient negative ions 
are formed, even in mercury vapor, to raise the potential 
at which ionization is effective to about fifteen volts, 
which is the normtl voltage drop in mercury vapor tubes. 

5) Mercury vapor does not have any surface effect on 
tungsten or oxide coated filaments, i.e. ---- does not 
decrease their emission. However, no greeter current 
should be drawn through the tube than the cathode emission, 
otherwise positive ions will be able to penetrate the 
electron cloud and strike the cathode in sufficient 
numbers to disintegrate it. In particuler, they will 
strip the oxide coating off such type cathodes. 

NEGATIVE RESISTANCE  CHARACTERISTICS  

Mention was made above that gas in a rectifier tube decreases 
the voltage drop in the tube by overcoming the space charge. 
Another important point is that the voltage drop is practically 
constant regardless of the amount of current drawn through the 
tube, at least up to the limit of cathode emission. This is 
because if more current ( electron flow) is passed through the 
tube, the greater number of electrons increase the ionization 
by collision, thus further decreasing the space charge and 
increasing the number of electrons available by the amount 
coming from the gas. Thus the internal resistance is decreased, 
and the decrease is practically in proportion to the increase 
in current flow, so that the voltage drop, which is equal to the 
product of these two factors, remains practically constant. 
This is particularly important when the D.C. Is to be furnished 
for Class " B" bmplifiers, for here the requirement is that the 
voltage supplied to the amplifier be steady regardless of the 
amount of current drawn by the amplifier, and this is brought 
about by using e supply transformer whose regulation is low, 
filter chokes of low- resistance, and a gaseous rectifier tube--
usually of mercury vapor type, whose voltage drop is only 15 
volts regardless of the amount of current drawn. 
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OTHER APPLICATIONS OF THE GASEOUS CONDUCTOR TUBE  

a) Thyratron and Grid Glow Tubes 

There are some other applications of gaseous conductor 
tubes that are of interest. One is the type which is commercially 
known as the Thyratron ( G.E.Co.) or as the Grid Glow tube, Fig-' 
ure 12, ( Westinghouse). These are triodes, they have a grid 
or third electrode located near the cathode, and gas such as 
neon or argon. Ordinarily the grid is given a negative poten-
tial and thus aids the space churge to such an extent that no 
appreciable electron flow to the anode occurs. As a con-
sequence no ionization by collision forms and no positive ions 
tire produced. Should the grid lose its negative charge by 

Figure 12 

Three typical grid glow tubes of . 64, . 03 and . 4 
ampere capacity, reading from left to right. 

Tube in center is cold cathode type 

suitable munipuletion of the grid circuit, current starts to 
flow, ionization is produced, and the positive ions formed 
thereafter prevent the grid, even if it then go negative, from 
stopping the plate current until the plate voltage drops to 
zero. This, however, can occur every other half cycle if the 
plate be supplied with A.C. potential. If we also impress A.C. 
on the grid, and suitable means ere provided to change the 
phase of the grid voltage with respect to that of the plate, 
we ctin cause plate current to start flowinE at any point of its 
positive cycle. The ltter that this occurs in the positive 
cycle, the less total current flows in that cycle, or the less 
current is rectified. Thus we can control the D.C. in the anode 
circuit, or we have e rectifier which controls the current flow 
as well as rectifies it. This device can be used to actuate 
relays, or saturated core reactors, which in turn control A.C. 
for motors, ligLts, etc., and the initial control is the phase 
or magnitude of the grid voltage. The power in the grid circuit 
is very small and easily handled, the power under control may 
be large in Lmount. 

b) Photoelectric  Cells  

Another use for gas is in the photo- electric cell. In 
this cell a cathode is used which is made of such materiel that 
it emits electrons when light strikes it. The electron emission 
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is vury amull ulid the space charge corebrutively high, so that 
ror reasonable light intensities the plate current is on the 
order of one microumpere or less. In order to increbse the 
current, gus is introduced under low pressure, which gas ionizes 
in proportion to the number or electrons emitted, and this in 
turn is in proportion to the amount of incident light. The total 
current is therefore in proportion to the amount of incident 
light, but between five end six times es greet es that normilly 
flowing if no gas were present. The gus emplificetion ( as it is 
celled) is therefore about five or six. It is necessary that the 
quantity of gas introduced be not too great, nor the anode 
potential too high ( in practice not above 90 volts) otherwise the 
ionization will get out of hand and cause current to flow whether 
light shines on the cathode or not. Under normal operating 
conditions, however, the ionization is very moderate end under 
control, so that its contribution to the anode current is in 
proportion to the initial number of electrons emitted, and con-
sequently to the amount of incident light. All photo- cells used 
in sound motion pictures, television, and industry are of the 
gas- filled type, as the increased sensitivity reduces the required 
number of stages of amplification following the cell. 

A 

Figure 13 

c) Neon  Tube Oscillator 

A third example is the neon tube oscillator. Figure 13 
shows a circuit employing this tube. " A" is the gas tube 
(usually neon gas), R is e resistor, C a capacity, and 13 a source 
of D.C. potential, such as a battery. The neon tube consists of 
two electrodes immersed in neon gas under a low pressure. When 
the ionizing potential of the tube is exceeded, current flows 
through the tube, and the voltage drop in the tube decreases to 
a low value when ionization sets in. The voltage can drop to a 
much lower value before cessation of ionization and hence 
conductivity through the tube occurs. When this occurs, however, 
the voltage across the tube must build up to its original higher 
value before ionization end current flow starts again. Thus a 
higher voltage is required to start the current then to stop it. 
When the switch is closed, charging current for condenser " C" 
starts to flow through " R", end the voltege drop in the letter, 
when subtracted from B, leaves very little voltage across " C". 
Hence "A" does not ionize. As the charge in " C" builds up, 
current flow through " R" decreases, and the potential across " C" 
and "A" increases until "A" ionizes. Thereupon the resistance 
of "A" drops to tu very low value practically a short circuit 
on " C" that " C" discharges through " A" until the voltage 
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across " C" drops to a low enough velue to stop "A" from ionizing. 
When this occurs, "A" will not start ionizing again until its 
voltage builds up to higher velue, hence " C" starts charging 
through resistance " R", and the cycle repeats itself. The 
number of such cycles per second depends upon how fast " C" can 
be charged by "B" through " R". The larger " C" is, or the higher 
"R" is, the longer the cherging cycle takes, or, as we say, the 
higher the time constant ( mCxR). Thus, by varying " is" or " C", 
the number of current pulses per second can be controlled. By 
impressing this rising and felling voltage of " 0" and " A" upon 
the input terminals of an amplifier, we can actuate a loud 
speaker to emit a note of any frequency we desire. Thus, this 
oscillator can be used es an electrical musicel instrument. 
Furthermore, if we keep " C" constant, then we can calculate or 
measure " R" by means of the frequency generated by this 

oscillator. By making " C" sufficiently large, we can cause the 
frequency to be one or two cycles per second, which can easily be 
counted. Such e device is used to measure the moisture content 
of wood. Two nails ere driven into the plank a fixed distance 
apart, and the intervening portion of the wood used as resistor 
"R". The greater the moisture content, the lower " R" is, and 
the greeter the number of cycles per second. 

SUMMARY 

Let us now summarize the points brought out in this lesson:-

1) When a conductor is heated, electrons are emitted. 

2) These electrons will be attracted to another electrode, called 
a plate, which is maintained positive with respect to the first, 

or cathode. 

3) If the plate is made negative with respect to the hot, elec-
tron-emitting conductor, no current will flow, since no electrons 
can leave the cold plate. 

4) This enables the tube to rectify A.C., and can be used in 
suitable circuits to rectify both helves of the wave ( full-wave 
rectifier). 

5) The cloud of electrons emitted by the cethode exert e mutually 
repelling effect upon one another and shield the electron nearer 
the cathode from the plate. This is known as space charge effect, 
end accounts for the fact that not all the electrons emitted are 
pulled over to the plate or anode until the anode potential is 
sufficiently high. When all the electrons emitted per second 
are pulled over to the plate we have saturation current --- the 
maximum current that can be drawn from the cathode et that 
temperature. 
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6) By introducing gas into the tube, ionization by collision is 
produced, and the resulting positive ions help overcome the 
space charge, so that far less anode potential is required for a 
given anode current. This means -- in the case of e rectifier 
tube a-- that more of the applied A.G. potential is available as 
D.C. potential across the load. 

7) An important characteristic of gas-filled tubes is that as the 
current increases, the ionization end hence neutralization of 
space charge increases, so that the internal resistance of the 
tube decreases, and the potential drop across the tube (= IxR) 
remains substantially constant. 

8) A moderate and controlled amount of ionization increases the 
current in a photo-electric cell for a given amount of light and 
hence increases the sensitivity of the cell. 

9) In the thyratron the current is prevented from flowing by e 
third electrode or grid maintained at a negative potential with 
respect to the cathode. When the negative charge is removed, a 
very large current flows due to ionization. In this way a large 
amount of power in the anode circuit may be held in check by a 
very small amount of power in the grid circuit. 

10) Due to the negative resistance characteristic of the gaseous 
discharge tube, sustained electrical oscilletions may be main-
tained by the use or a suitable circuit, such as a condenser 
charging through a resistance. This is used in many ways, such 
as for electrical musical instruments, or for measuring high 
resistances. 
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EXAMINATION QUESTIONS 

1 
, r , 

1. When an'anodepotential of 150 volts is applied to a diode a 
saturation Current of 25 milliamperes flows. How much cur-
rent will flow if the anode potential is increased to 180 
volts? 

2. Suppose now that more current is passed through the filament. 
How will the anode current vary? 

7ce 

3. Draw a full wave rectifier circuit and show how the current 
flows during each half cycle. 

4. Does each tube carry current during the entire cycle? 

5. Does each half of the secondary carry current during the 
entire cycle? 

6. What is a disadvantage of the high vacuum type rectifier? 

7. How does the gaseous type rectifier overcome this disadvan-
tage? 

8. Why is a mercury vapor tube used for Class ntt amplifiers? 

9. Name three advantages of mercury vapor for rectifier tubes. 

10. What is meant by the maximum inverse peak voltage? 
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MODULATION 

The transfer of intelligence by radio requires that the transmis-
sion be controlled. In telegraph transmitters this is done by 
turning the transmitter on and off in order tc form code characters, 
more familiarly known es " keying". A greet many methods ere avail-
able for keying, the most usuel teing the " blocked grid keying" 
that practically all modern vacuum tube transmitters employ. This 
Is accomplished by applying a large biasing voltage to the grids of 
some or all of the tubes in the transmitter with the result that 
the Erids are blocked by this high negative biasing voltEge and 
plate current does not flow when the key is up. It is however not 
our purpose to study the methods of keyinï, telegraph trensmitters, 
but rather to become familiar with the more difficult processes 
of modulation es referred to telephone transmitters. 

TYFES OF MODULATION 

V8CUUM tube trensmitters emit or radiate a wave known es a contin-
uous wave, more often abbreviated "CW". Figure 1 shows variations 
of antenne current or voltage of h radio weve,for exemple, when the 
key is held down in e telegraph transmitter or when e telephone 
transmitter is remaining idle, that is, without modulation. We cell 
this the " carrier" when referring to telephone transmitters end it 
is also just as proper to say " telegraph carrier" since we actuelly 
modulate this carrier wave by keying. 

Figure 1 ( e) shows how the telegraph carrier is interrupted for 
keying purposes. Figure 1 (b) shows e continuous carrier. If a 
thermo-couple ammeter is placed in the antenna circuit it will reg-
ister the keying ( if at slow hand speeds) end will reed a constant 
velue in the case of F4-Ire 1 (b). It should be noted however that 
the meter will reed the effective or root mean ,square ( RMS) velue 
of current which in the case of a pure " sine" wave es represented 
In Figure 1 would be . 707 x 'max' Tins is an important point to 
rememter when considering effect of modulation ou antenna current. 

There are three types of modulation, namely, phase, frequency and 
amplitude. All practical systems use the latter type. To date the 
other two types are still in te experimental stage although some 
dey they may replace amplitude modulation. At the present time, 
phase end frequency moduletion do not enter into the picture except 
es by-products of the standard or amplitude type so they will not 
be considered in this lesson. 

Figure 1 (a) is amplitude modulated since the waves emplitude is 
changed from zero to e maximum etc, by operating the key. In a tel-
ephone transmitter the carrier runs continuously, but the amplitude 
of the peaks of the wave is being chenged, that is, modulated. 

Copyright 1934 by R.C.A. Institutes, Inc. 
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Figure 2 shows u wave modulated for one cycle. (e) repreumnts the 
carrier alone berore moduletion begins ( before *my sound Is pro-
duced in front of the microphone). ( b) shows how the peeks of the 
carrier wave are made to vary in hccordence with the moduletlon 
frequency which is of course much lower than the carrier frequency 
of the station end is shown as m sine wvve to rurther simplify ex-
planation. The student should realize that m complex Bound such tis 

spoken word or ti musical note contbins many harmonics, thet is, 
several waves which added together give the total WbVe. It is con-
venient to consider modulation et only one frequency, however, elm 
though in an actual case there are many frequencies existing et the 
same time. ( c) of Figure 2 shows " carrier only" bean, the modulet-
ion having stopped end the peaks of the waves have returned to 
their constant or carrier value as In ( a). 

SIGNIFICANCE OF SIDE- BANDS 

When two frequencies ere combined in a circuit new frequencies are 
formed. These new frequencies are celled side-bands end ere very 
important. To cite an easily understood example, the method of 
heterodyne reception, used by certain radio receivers, uses this 
very principle. The waves of the transmitting station ( CW) are of 
a certain frequency. If en oscilleting detector in e receiver is 
adjusted to the same frequency as the transmitter no sound will be 
heard in the telephones, but if the detector tube ift tuned to e 
elietly different frequency a note will be heard. This means that 
e new frequency is present. Actually two new frequencies ere pres-
entlbut only one is audible. The audible note is the difference  
between the transmitter end the receiver frequencies, which mey be 
adjusted to any convenient value. The other frequency is the sum 
of the transmitter Eind receiver frequencies and is of course at 
radio frequency and can not be heard. 

Applying- this to e telephone transmitter, if the station frequency 
was 1000 kcisec end the sound impinged on the microphone was 500 
cycles/sec, the antenna would have present in it voltages end cur-
rents at frequencies of 1000 kc/sec or 1,000,000 cycles/sec, 
1,000,000 plus 500 or 1,000,500 cycles/sec and 1,000,000 minus 
500 cycles/sec or 999,500 cycles/sec. The first frequency repre-
sents the carrier and the other two side-bands. Thus there are two 
side- bands for every modulation frequency. Whet actually happens 
to antenne current can be shown best by resorting to mathematics. 
To understand the following statements, a knowledge of algebra, 
trigonometry end analytical geometry are essential,but the student 
without an understanding of these fundamental mathematical subjects 
can nevertheless appreciate the results as summarized. 

The equation for e sinusoidelly varying voltage they be written, 

e Em sin () where, 

e my instantaneous value. 
Em=maximum value. 
erzangle representing passage of time over the cycle. It is more 
convenient in our case to use the "cosine" function, however, so, 

e = Ern cos e or Em cos wt where, 

27rf and represents angular rotationlend t represents time in 
seconds. To set up equations for carrier voltage and modulation 
voltage, it is necessary to refer to Figure 3. 
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For a wave to be 100% modulated the peak value to the wave during 
modulation is double the carrier value and also the wave has e 
trough which is of zero amplitude at one instant during the cycle. 
Waves with e degree of modulation less than 100% have a peek value 
less then double the carrier end have a trough or "valley" that 
does not drop to zero. Such e wave is shown In Figure 3 (a) which 
represents a modulation of 50%. We do not always speak of modula-
tion as a certain percent. It is usually more convenient to say 
the modulations factor "m" is 1.0 ( meaning 100%), or m=.9 ( meaning 
90%), . 7 for 70%, etc. It Is apparent that the modulation factor 
depends on the size of the modulating wave. We can now set up 
equations for the two components which make up the final modulated 
wave. 

Let ec = instantaneous carrier voltage. 
Ec := maximum velue of carrier voltage. 
m := modulation factor. 
fe carrier frequency. 
fin modulation frequency. 

Then the carrier equals 

ec Ec cos 2 /7 - re t 

and the modulating voltage equals 

emod= mE c cos arr fm t 

The total wave is the instantaneous sum of e 

nE e cos 2 ir rm. t) cos 2rfe 
C emod or, 

Since the modulating voltage is superimposed on the carrier voltage, 
expanding:-

e=r-E c cos 2efe t+rec cos 27ri'm t cos 2Arfc t 

Referring to trigonometry the product of the two angles may be 
written es follows. 

2 cos x cos y=cos ( x+y)t cos (x-y) 
or cos x cos y==1/2 cos(x+y)41/2 cos(xmy) 

Applying this to our own equation, 

mEe mEc 
Ec cos 2(fe )t 2 cos 2nfc+fm)t ços 27r(fc-f)t 

where fc is carrier frequency 

fc qem is one side- band frequency 
fc -fm is the other side- hand frequency 

and Er is maximum value of carrier 

'c is maximum value of side- bands 
2 
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For every voltage in the antenna there is also a current propor-
tional to it, therefore there are currents flowing at the carrier 
and two side- band frequencies whose maximum amplitudes are, 

1c for carrier only. 

mic for each side- band. 

An R.F. ammeter will reed the effective or R.M.S. value of these 
three currents or, 

I eff 
)2 ( mj c \2 m lc \ 

2 2 ) 

Substituting actual values, 

Let Ic ampere of carrier current. 

m := 1 (100% modulation) 

Then while modulation is occurring, the ammeter in the antenna will 
read, 

leff (0 2+ iix1\2 + (1)(1  \ 2 

\ 2 2 ) 

1 1 1 + 4 4 1.5 

1.226 Amperes 

Apparently the antenna current increases 22.6% for 100 percent 
modulation by a sine wave. For Eny other degree of modulation, 
Ieff. could be found by substituting in the formula 

Let Ic = 1 Ampere 

m = . 5 ( 50%) 

I eff 

..•••••• 

••••• 

(.5x1 2 .5x1 2 

\ 2 / \ 2 

o ) 2+ ( .25 )2 + (. 25) 2 

1 + .0625 + .0625 

1.06 or only a 6% increase 
in antenna current 
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Figure 4 is a graph showing percentage Increase in antenna current 
versus degree of modulation. 
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Figure 4b 
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For the lower degrees of modulation the antenna current hardly 
changes. It should, however, always increase and not decrease. A 
decrease in antenna current during modulation always means some-
thing is wrong in the transmitter. 

SIDE-BAND POWER 
 1•11111Mlb 

Since all the intelligence in e modulated carrier is in the side-
bands these bands should have as large an amplitude as possible, 
that is, high degrees of modulation should be employed if maximum 
range of the station is desired. The relative power of the side-
bands to the carrier power may be determined by taking e simple 
case. 

Assume Ic = 1 ampere. 
Rant= 1 ohm. ( antenna resistance) 

2 Then the carrier power 1 we tt )lf m 1. 

I Ile 1.226 and total power during modulation is, 

12 R erb ( 1.226)2 1 = 1.5 watts. 

The additional power is . 5 watt and is in the side-bends. The data 
in Figure 4 may be used to calculate e table showing Side-Band Pow-
er versus Degree of Modulation on the basis of e one wett carrier. 
Such e table is shown in Figure 5. « 

1.0 
.9 

8 
.7 
5 
2 

.5 

.405 

.32 

.245 

.125 

.02 

Side-Bend Power / Degree of 
Modulation for 1 watt carrier. 

Figure 5 

100 
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To use a specific example assume two stations using an identical 
antenna system have following powers and modulation factors. 

Carrier 
rn 

Side-Bend Power 

a 
400 watts 
0.5 
50 watts 

b) 
100 watts 
1.0 
50 watts 

Then station ( b) will give a telephone signal of the same strength 
as ( a) at the same distance from the transmitters even though the 
carrier power of ( a) is four times that of ( b). 

WIDTH OF SIDE-BANDS 

The amount of spate that a- radio telephone transmitter takes in 
the radio spectrum is a direct function of the modulation fre-
quencies. Various classes of service need to handle modulation 
frequencies of different amounts. Thus for the broadcast of extra 
high quality music the audio equipment should be capable of hand-
ling frequencies up to 15,000 cycles/sec. as there are some music-
el instruments that produce these frequencies. In more technical 
words the audio system must have a flat frequency response up to 
15,000 cycles/sec. Frequencies above about 5,000 cycles/sec., how-
ever, are not necessary for the complete appreciation of music); 
therefore the broadcast stations as a rule do not transmit side-
bends having a frequency greater than 5,000 and hence are assigned 
carrier frequencies separated by 10 kc/sec. to allow 5,000 cycle 
or 5 kc modulation on each side of the carrier. If two stations 
in adjacent channels and in the same region were to brobdcest us-
ing higher modulation frequencies than 5,000 cycles, then the two 
would overlap end severe interference would result. Stations hay-
ing cleared channels ( separated from other stations by 20 or 30 
kc/sec.) can however use higher modulation frequenciespand such 
is done occasionallyon some broadcasts from these clear channel 
stations. 

For the broadcast of voice the frequency band need only be from 
about 250 cycles/sec. to 2700 cycles/sec. If all other frequencies 
are cut off or attenuated, it does not matter as the voice is 
plainly understandable, the average voice frequency being taken as 
800 cycles/sec. This is quite a contrast to music which requires 
50 to 5,000 cycles/sec. Transmitters in the "voice only" class are, 
for example, the transatlantic and transoceanic telephone circuits, 
aircraft radio beacon stations, aeronautical ground stations, air-
plane transmitters and amateur radiotelephone stations. The audio 
response curve for stations falling under the above classification 
need not be flat, therefore less expensive audio equipment may be 
used. On the other hand transmitters for visual broadcasting must 
handle modulation frequencies even higher than high quality music--
up to 40,000 cycles/sec. depending on the detail required in the 

picture. 
METHODS OF AMPLITUDE MODUUTION 

A great many methods for producing amplitude modulation have been 
devised most of which are now obsolete, but fall under the follow-

ing four classifications. 

1. Modulation by means of non-linear circuits. 
2. Modulation by means of variable circuit elements. 
3. Modulation of oscillators. 
4. Modulation of R.F. amplifiers. 

The last two,and particularly the lasteare the most important. 
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THE PLATE-PMODULATED OSCILLATOR  or "HEISING" SYSTEM 

This method was until a short time ago the most successful and 
most used method of modulation. The method is still used to a con-
siderable extent,but as applied to an R.F. amplifier rather than 
the oscillator tube in a transmitter. 

".;.‘ 
z I 
der 

200 400 600 
PLATE VOLTAGE 

..MM.1••• 
••••••••••••• 

•••1. 
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I 
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II II I 
II I ‘% , 
I I 
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I,: 

e 

Figure 6 

This system makes use of an oscillator In which the amplitude of 
oscillations and the plate current drawn by the tube are propor-
tional to the applied plate voltage. Figure 6 shows the relations 
existing. 

If the oscillator la coupled to au antenna, then antenna current 
will vary similarly to "tank" current and amplitude modulation has 
been produced according to Figure 3. 

When I.C.W. transmission from e telegraph transmitter is desired 
it is sometimes accomplished by applying an alternating voltage of 
350 or 500 cycles to the plates of the tubes. Transmitters of this 
type employ what is known as a self-rectifying circuit, two tubes 
being used. One tube has its plate shunt fed from one end of e 

g. 

ONE CYCLE OF 

SUPPLY FREQUENCY 
• • 

• 
• 

et 111» 

g. 

• 

- 

TUBE TUBE 2 TUBE 1 TUBE 2 

Figure 7 

high voltage secondary on the power transformer ( 350 to 500 cycles) 
and the other tube plate is similarly fed from the other end of the 
transformer secondary. The oenter-tap of the winding connects to 
the tube filaments. In this circuit only one tube works et a time 
since the plate will only draw electrons when it is positively 
charged with respect to the filament. Each tube, then, works for 
only fr a cycle end R.F. oscillations build up and die out as shown 
in Figure 7, which in effect is the same as modulating a oontin-
uoua carrier at twice the supply frequency. 
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This system of course gives a modulated note of only one frequency. 
To produce relatively complex modulation by several frequencies 
at once it is necessary to employ an audio amplifier ( modulator) 
tube whose output voltage is superimposed on the direct current 
supply voltage and thus makes the amplitude of oscillations vary 
in accordance with the modulation frequencies. Circuits to pro-
duce such an effect are shown in Figures 8, 9 and 10. 

 IH-

P.F . CHOKE 
*--11ffle\ 

TO SPEECH 
AMPLIFIER 

+6 

Figure 8 ( a) 
Meising Modulation" 

The operation of Figure 8a is explained as follows. " er," is the 
coupling inductance and is an iron core reactor of several henries 
inductance. The oscillator plate current curve is practically e 
straight line for values of plate voltage ranging from 0 to 200%. 
See Figure 6. This makes the resistance of the oscillator tube 
constant. It is this resistance which acts as the bed for the 
modulator tube. For example, if the oscillator draws 50 ma of 
plate current at a plate voltage of 400 volts, the resistance is 
R= E/1 == 400/.050 8000 ohms. If the plate current plate voltage 
curve is a straight line, then .any. voltage divided by the corres-
ponding current will also give 8000 ohms which then is the mod-
ulator's load resistance into which the modulator tube delivers 
power. The purpose of the choke is merely to shunt feed the plate 
of the modulator, that is, act as a coupling impedance. Its in-
ductance must be high enough so that at the lowest moduletion 
frequency to be transmitted the reactance ( XL=.2enrn ) will not 
fall to such a value that the total load impedance on the modulator 
tube Is materially reduced, in this case below 8000 ohms, other-
wise serious distortion of the low frequencies would result. In 
explaining the actual operation of the system the equivalent cir-
cult and modulator tube Ep / Ip family of curves are used. 

1 ROSC. 8000 .n. 

g 
.•••• 

MODULATOR 
TUBE 

Figure 8(b)--Equivalent circuit of 8(a) 

Figure 8 fc) shows variation of modulator I') and the consequent 
voltage built up across Rose. It is obvious that for one-half of 
the cycle this voltage will be of the polarity to add to the P 
supply voltage of the oscillator and for the other one-half of the 
cycle will oppose the B voltage and therefore cancel out some of 
it, thus accomplishing modulation. This is known es plate modula-
tion since the plate voltage is modulated or changed at en audio 
rate. It will also be obvious upon inspection of Figure 8 ( c) that 
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while the modulator plate current is Increasing the voltage across 
Rose is of proper polarity to cancel out part of the 13 supply volt-
age and therefore the oscillator plate current decreases. This 
has led to the neme "constant current" systemesince the current 
flowing through the choke is constant as reed on a milliammeter in 
series with the B supply voltage. It is well known that en audio 
amplifier will deliver maximum power when the load resistance 
equals the tube plate resistance. This, however, gives severe 

1p 

GRID VOLTAGE VARIATION 
ON MODULATOR TUBE 

11111Mull 

d 
0 Ec=0 

Ep 

VOLTAGE DEVELOPED 4. 
ACROSS RoSC --'- I 

Figure 8 ( c) 

•  

EC 2 

E5 

distortion and to limit distortion the amplifier load resistance 
is always made 2 to 3 times the plate resistance of the tube even 
though the power output drops to about 90% of the former value. 
Thus the modulator tube should have in this case a plate resistance 
of 3000 to 4000 ohms in order to keep distortion down to en un-
objectionable amount when working into an oscillator whose resis-
tance is 8000 ohms. This point cannot be stressed too much. In 
fact special circuits are used to match modulators end oscillators 
(or R.F. amplifier tubes). Such circuits are shown in Figures 9 
and 10. The simple circuit of Figure 8 ( a) is not capable of 100% 
modulation because, even though distortion was not a limiting factor, 
the peek value of alternating voltage can never be equal to the 
DC voltage of the oscillator end hence circuits of Figures 9 and 
10 ere also used to accomplish laK modulation as well as match 
the tubes correctly. 

 iffffr  

TAPPED CHOKE 
OR AUTO TRANSFORME 

Figure 9 

In Figure 9 the 8000-ohm Rose is stepped down according to the 
ratio of the autos- transformer to t e correct amount for e load 
resistance on the particular moduletor tube used. Also the output 
voltage of the modulator is ste ed until its peek is equal to 
the DC voltage of the oscille or ube which will then accomplish 
100% modulation. 
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Figure 10 shows transformer coupling. This has several advantages. 
The turns ratio of the transformer may be made correct to mEtch 
the tubes properly and then if the peek voltage of the modulator 
tube is still not enough for 100% modulation the plus B voltage 
may be reduced until it is the same es the peak output voltage 

PRI. 

+8 
MOD. 

Figure 10 

(eppeering across the secondary) of the modulators. In addition, 
the windings of the transformer may be connected so that the dir-
ect currents of the two tubes cancel out the magnetizing flux in 
the core and much less iron can be used, thus giving smeller and 
lighter transformers. This is particularly advantageous in port-
able and mobile transmitters where weight is e premium. 

Mr6D\ 

Figure 11 +B 
MOD. 

Figure 11 provides for 100% modulation by dropping the voltage ap-
plied to the oscillator„ but allows no mctching of resistances. In 
this cese the proper tubes must be used. This circuit is a very 
common one, however. 

In addition to the output voltage of the modulator tube being of 
sufficient value to modulate the oscillator 100% ( that is, very 
its voltage from 0 to 200%) the power output of the modulator 
tube must be enough to supply the additional input to the oscillator 
during modulation. Thus if the DC voltage on the oscillator tube 
is 400 and it draws 50 me of plate current when loaded into an an-
tenne the tube is offering e resistance of 8000 ohms es already 
explained. To completely modulate this the peak voltage from the 
modulator must be 400 volts also and the power output of the mod-
uletor must be 

E b  \2 400 160,000  

E 2 or =  \r-2— I \2  80,000 /  
10 t`latts 

8000 8000 — 8000 
The input power the oscillator requires to generate the 
is Eblb=400 x . 050=20 watts. Therefore the modulator 
must be 1/2 oscillator input to produce 100% 
modulation. It is interesting to note the 
audio power required for various degrees of 
modulation. The adjoining table indicates how 
the A. F. power required varies with m. Apparffl 1.0 
ently the A.F. output is always equal to the .9 
oscillator input power necessary to generate the 

.8 
carrierxm2/2,where m is the modulation factor. 
Unfortunately the losses of the oscillator tube .7 
have to be modulated, therefore the more effim .5 
cient the oscillator is the less the waste in .2 
expensive A.F. output. 

carrier 
output 

% of Oscillator 
Input Power for 
Carrier Only 

5 

405 

32 

245 

.125 

.02 
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Assume the carrier power of the station is 100 watts and the 
oscillator 60%. This makes the oscillator input 100/.6 or 
166.66 watts.e since effictencyen  output  x 100. 

Input 
For 100% modulation the modulator power output must therefore be 
166.66 x . 5 or 83.33 wetta. If only 20% modulation wee desired, 
the modulator output would need to be but 166.68 x . 02 or 3.3332 
watts. In the first case the modulator would have to be a bank 
of 8 or 9 UV 211 tubes or 4 UV 845 tubes or 1 UV 849 tube, the 
class A output of these tubes being respectively 10 watts, 21 
watts, and 81 watts each. For the second case ( 20% modulation), 
a pair of la 245 tubes, or 2 UX 210 tubes, or 1 UX 842 tube would 
fill the requirements. It is hoped that power considerations will 
not be taken too lightly by the student. 

IT CLASS B 

GRID EXCITATION FOR 
CLASS A OPERATION 

GRID EXCITATION FOR 
,-"CLASS B OPERATION 
e 

Figure 12 

Modulated oscillators are no longer used for broadcasting, since 
carrier frequency depends to e slight extent on plate voltage and 
hence would be constantly changing during modulation and would give 
frequency modulation or "wobbulation" of the carrier. All that has 
been seid of modulated oscillators however applies to plate mod-
ulated class C amplifiers, that is, power considerations, circuits, 
etc, need not be repeated. The class C R.F. amplifiers are merely 
driven or " excited" by the oscillator and have their plate voltage 

-varied by the modulator tube or tubes. 

CLASS B MODULATOR TUBES  

In the Heising system just discussed the modulator tubes are op-
()rated close A. Four or five tubes in parallel are required to 
completely modulate a tube of the same type used as an R.F. ampam 
lifier ( or oscillator). When tubes are operated class 13 however, 
the output is from b to 10 times the amount possible when the 
Clean A system is usedoince under the class B operation the en-
tire straight portion of the dynamic curve may be used from pro-
jected cut-off to the upper bend. The part of the curve utilized 
by class A and class R operation is shown relatively in Figure 12. 

Two tubes are necessary in Class B A.F. amplifiers in a "push-
push" oircuit)sinee the tubes are biased to projected cut-off 
only of the A.F. cycle would be present in the output device 
if only one tube were used. Also, to take full edventnge of the 
straight portion of the curve it Is necessary to drive the grids 
positive which causes them to draw power and hence the driver 
stage must be capable of supplying this power, and since power 
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is required for only a fraction of a cycle - depending on the 
bias used end the amplitude of the exciting voltage, the driver 
stage must have good regulation. All of which means that consid-
erable care is required in designing transformers for class B use. 
Since the tubes operate with e much higher efficiency ( usually 
about 50%) than class A tubes ( usually 20 or 25%) a saving of 
power is also effected es well as in the number of tubes required. 
The circuit used for plate modulation of class C R.F. amplifier 
tubes by class 13 A.F. tubes is very much like the Heising trans-
former coupled circuit except for the transformers end tube ley-
out. 

 II  

vO .6-..w.ATOR 
T`..inES 

1 

Figure 13 

The explanation of class 13 modulators is perhaps the simplest of 
all to understand. A voltage is built up across the secondary 
winding of the output transformer which edds to or subtracts from 
the plus E supply voltage to the R.F. amplifier plate thus mod-
uleting the plate supply. The load resistance on the modulators 
is of course the DC resistance of the P.F. amplifier pltte-fil-
ament circuit reflected beck through the output transformer fcr 
proper matching. In high power systems the rlate current of the 
R.F. amplifier is fed through e choke as in Figure 14 to keep 
from saturating the core of the transformer. 

t 

 1 1 
11••. 

•11, 

Figure 1-; 

If the tubes are matched, the proper transformer ratio used and 
the driver stage ( not shown) has sufficient power and good reg-
ulation, the only place distortion cen occur is et the lower bend 
of tne curve. This is not sericus if the tubes are worked cicse 
to their maximum power rating because the curvature of the lower 
bend is not important compared with the total length of the 
straight portion of the curve. 

GRID MODULATED R.F. AMPLIFIEPS 

One form of so celled grid mcdulation is that employing e mod-
ulated wave es excitation to e linear or class 13 R.F. emplifier. 
The modulated wave is prcduced by plate modulating a low power 
stage whose output is then fed to the grid of the linear amp-
liner. Figure 15 shows how this works. 
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This system gives the same sort of antenna current variation as 
plate modulation, the only advantage being that low power A.F. 
equipment may be usedy but the advantage is offset by the number 
and size of class B R.F. tubes required,since class B tubes are 
less efficient than class C. It was,however,,used exclusively for 
the production of high power outputprunning into several thousand 
wattse since before the advent of class B A.F. amplificetioh the 

f 
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\tie 

 e/ 

Figure 15 

T 
•••••• 

production of A.F. power at high levels by means of class A tubes 
was extremely expensive as the student will readily appreciate. 
High level modulation of the lest R.F. stage in the transmitter 
is becoming more common now, however, since the possibilities and 
economies of class B A.F. amplification have been realized. 

FROM 
PREVIOUS 
R.F. STAGE 

FROM 
LOW POWER 

A.F. AMPLIFIER 

Figure 16. 

AMP 

TO TANK' 
CIRCUIT • 

Another version of grid modulation that is extensively used is the 
type known as " grid bias" modulation. Figure 18 shows the schematic 
diee,ram. 

It is quite evident from Figure 16 that any Aar. voltage built up 
across the secondary of the transformer will add or subtract to 
the bias on the R.F. tube at an audio rate and hence accomplish 
modulation as shown in Figure 17. 
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The tube is biased to approximately li times the cut-off value 
and a constant R.F. grid voltage is epplied. The bias being 
changed causes the tube to draw more or less plate current as in 
Figure 17. This method is e very good one inasmuch es practically 
no power is required from the modulator tube if the grid of the 
R.F. amplifier never goes positive and large transmitting tubes 
may be modulated by very low power A.F. 

• 

- 1>  

-   
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Eg 

Figure 17 

1 

Another method of grid modulation is known as the Van der 131.11 
system. It has a limited use, being confined mostly to carrier 
current systems using wire lines. 

• 

In the Van der Bi qa system the tube is biased es in the class A 
service and a constant R.F. voltage is applied to the grid. The 
bias is then varied which,due to the curvature of the IP -Eg curve, 
causes distortion of the plate current wave. Thus the plate cur-
rent is changed at an A.F. rate and modulation occurs. ( Figure 18). 
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MODULATION OF A TETRODE 

The use of e screen- grid, fourmbelement tube as an R.F. power amp-
lifier in telephone transmitters has the advantage over triodes 
in that neutralization to prevent self oscillation in the empli-
fier stage is not necessary. The tetrode may be modulated in sev-
eral ways as follows. 

SCREEN-GRID MODULATION 

Since the plate current of a fourmelement tube depends on screen 
voltage as well as other factors the screen may be modulated. A 
curve of screen voltage vs. tank or antenna current would appear 
as in Figure 19. 

• 

Esg 

Figure 19 

Obviously this curve is riot linear except for a short portion at 
the center, hence screen modulation is not used if 100% modulation 
is desired. The method has several advantages however, particularly 
in low power and portable transmitters which do not require com-
plete modulation and are of necessity as light in weight as pos-
sible. Several circuits are in use, some of which are shown below. 

TO PREVIOUS 
R.F. AMP. 

A.F.AMP 

a 

TO TANK 
CIRCUIT 

+S.G +SG 

Figure 20 

For screen modulation the R.F. amplifier must operate class B, 
hence the carrier output of the tube is only of the class C 
rating of the tube. For example, a VI 865 tube rated et 12.5 watts 
01088 c must only deliver e carrier output of 3 watts if the 
screen is to be modulated. 
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PLATE MODULATION OF A TETRODE 

This may be accomplished by either a choke as in the Heising 
system or by class B modulator tubes as already discussed. The 
curve of tank,or antenna current vs plate voltage with a constant 
screen voltage is shown in Figure 21. 

Ep 

Figure 21 

Obviously this is not capable of 100% modulation without dis-
tortion. The hump in the curve is caused by secondary emission 
of the screen when the plate voltage fells telow the screen vol-
tage. For degrees of modulation in the order of 90%, however, 
this method is satisfactory and has considereble usage. 

II 

• 

HI 

a 

 1 
1 

TO MODULATOR 

Figure 22 

PLATE AND SCREEN MODUUTION  

If the circuit shown in Figure 22 is employed complete modulation 
may be secured with negligible distortion,since the screen vol-
tage decreases proportionately with plate voltage and gives ei 
curve of tank current Vs. supply. voltage that is essentially lin-
ear. 

Grid modulation may be employed of course, but the most satisfact-
ory way of modulating a tetrode is the latter one. 
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EXAMINATION QUESTIONS  

1. Explain what is meant by a "carrier". 

2. Draw a diagram showing 100% modulation. 

3. ( a)What are the " side- band" frequencies? 
(b)How much space in the radio spectrum 

would a 700 kc. carrier modulated by a 
5000- cycle note occupy? 

4. Assuming that the carrier power and modu-
lation factor of a station could be 
adjusted to 1000 watts with m=.9 or 
5000 watts with m=.4 which adjustment 
would produce the most side- band power? 

5. What bands of frequencies are required for 
transmission of ( a) voice ( b) music 
(c) high quality music? 

6. By what methods may amplitude modulation 
be accomplished? 

7. What is meant by plate modulation? 

8. Why are two tubes necessary for Class B 
A.F. amplification? 

9. What is high level modulation? 

10. Name a method of grid modulation. 

• 
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HOME OFFICE: 75 Varick Street, New York. 

RECEIVING VACUUM TUBES 

POWER OUTPUT PENTODE.....TYPE 247 FOR A--C SETS 

Considerable interest exists at present in the pentode tube. The 
pentode, as its name implies, is a five-electrode tube. The out-
standing characteristics of the tube are its high amplification 
factor, high internal resistance and high mutual conductance. These 
properties are obtained by the use of two electrodes or grids which 
are arranged in the tube as shown in Figure 1. In the illustration, 
the electrodes are identified as follows: F represents the filament, 
GI is a conventional control grid; G2 is a grid or screen which is 
maintained at a high positive potential and serves to reduce the ef-
fects of " space charge" around the filament and to flatten out the 
plate current-plate voltage characteristics; and G3 is a grid or 
screen which is usually connected internally to the filament or 
cathode of the tube and is therefore maintained at essentially ground 
potential. 

A very important function of grid G3 is to suppress or prevent the 
flow of electrons ( liberated by secondary emission effects) from the 
plate P. The secondary emission is caused by the tremendous impact 
of electrons on the plate which liberates other electrons from the 
plate. These new secondary electrons would tend to move toward the 
screen grid because of its high positive potential were It not for 
the presence of the extra grid which is operated at the same poten-
tial as thenlament and therefore does not exert an attraction for 
electrons. Hence, the secondary electrons return to the plate and to-
gether with the regular electrons that collect on the plate increase 
the flow of electrons in the plate circuit. 
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A schematic connection for the pentode tube is shown in Figure 2. A 
pentode is thus essentially a power amplifier tube having high mutual 
conductance and high "power sensitivity," that is, relatively small 
input voltage is required to control rather high power in its plate 
circuit. This tube employs a coated filament designed primarily for 
n-c operation. The filament should be operated at its normal rated 

(1) 
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voltage of 2.5 volts at the normal design line voltage. The socket 
required by the pentode is of the standard UY type and should be 
mounted to hold the tube in a vertical position. Grid bias for the 
247 may be obtained either from a fixed voltage source or by auto-
matic self-biasing from a resistor in the cathode circuit. 

POWER OUTPUT PENTODE - TYPE  247 

Tentative Rating and Characteristics 

Filament Voltage 
Filament Current 
Plate Voltage, Recommended 
Screen Voltage, Recommended and Maximum 
Grid Voltage 
Plate Current 
Screen Current 
Plate Resistance 
Mutual Conductance 
Load Resistance, Approximate 
Power Output 
Base and Socket 

2.5 volts 
1.5 amperes 

250 volts 
250 volts 
—16.5 volts 
32 milliamperes 
7.5 milliamperes 

38,000 ohms 
2,500 micromhos 
7,000 ohms 

2.5 watts 
11Y 

The pentode has possible applications ( with different designs) in 
both the audio-frequency and radio- frequency amplifier circuits of 
broadcast receivers. When used as a radio-frequency amplifier the 
tube has the form of a screen-grid tube in which an additional grid 
is placed between the filament ( cathode) and usual control grid. 
This additional grid serves to reduce the effects of " space charge" 
around the filament ( cathode) and results in a tube having higher 
mutual conductance than screen-grid tubes now available. The theoret-
ical advantage sought in tubes of this kind in the ramf stage of a 
receiver is that, because of their greater amplification factor, the 
total number of tubes used might be reduced. However, present broad-
cast conditions and selectivity requirements are such that a reduc-
tion in the number of tuned r-f stages is not permissible and there-
fore, if one tube is used per stage, as other practical considera-
tions require be done, the total number of radio-frequency tubes can-
not be reduced. Also, if too much amplification per stage is at-
tempted it will likely result in a circuit whose operation is critic-
al and unstable. The new 247 pentode has been developed for use as 
an audio-frequency output or last stage amplifier tube in a-c 
receivers designed for it. Due to its higher undistorted output 
(U.P.O.) this tube takes the place ,of the 245 in the latest model sets. 

PENTODE FOR BATTERY-OPERATED RECEIVERS - TYPE 233 

The power amplifier pentode, type 233, has been developed for use 
in the power output stage of battery-operated receivers designed es-
pecially for it. The filament employed in this new tube is of the 
coated type and its low filament current drain makes this tube par-
ticularly applicable for use in combination with the 230 and 232 
when one or both of these types are incorporated in sets where econo-
my of filament current is an important factor. 
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Figure 

As in the case of other pentode tubes the large audio output of 
the 233 with relatively small input signal voltages on the grid 
is made possible by the addition of a " suppressor" grid between 
the screen and the plate. 

POWER OUTPUT PENTODE TYPE 233 

Preliminary Ratings and Characteristics 

Filament Voltage 
Filament Current 
Plate Voltage 
Screen Voltage 
Grid Voltage 
Plate Current 
Screen Current 
Plate Resistance 
Mutual Conductance 
Amplification Factor 
Load Resistance 
Undistorted Power Output 
Base and Socket 

2.0 volts 
0.260 ampere 

135 
135 

14 
3 

45,000 
1,400 

63 
7,500 

650 

volts 
✓olts 
✓olts 
milliamperes 
milliamperes 
ohms 
micromhos 

ohms 
milliwatts 
ITY 

As we have already explained the suppressor is connected inside 
the tube to one end of the filament, and is effective in practical-
ly eliminating the secondary emission effects which limit the power 
output from four-electrode screen-grid type tubes. 

Figure 4 

The tube illustrated in Figure 3 is the new 247 pentode which has 
been developed for use in the audio output stage of a- c receivers 
designed for it. The three tubes in the photograph in Figure 4 are 
the new series of indirectly heated cathode tubes designed especial-
ly for automobile receivers. 
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POWER AMPLIFIER TUBE - TYPE 171-A 

The 171-A type vacuum tube is a power amplifier for supplying large 
undistorted power output to a loudspeaker. It is intended for use 
in the last stage of an audio-frequency amplifier. This tube is de-
signed for use with the standard UX socket, which should be mounted 
so as to hold the tube in a vertical position. The socket should 
make firm contact on the filament prongs to minimize contact resist-
ance. The socket connections are given in Figure 5. 

The filament of the 171-A type may be operated from a storage battery 
or from the a-c line through a step-down transformer. In either case 
the voltage applied to the filament terminals should be the rated 
value of 5.0 volts. When operated at this voltage, the coated fila-
ment will glow at only a dull red color. If alternating current is 
used to operate the filament, the leads should be of twisted pair and 
should be kept away from other parts of the circuit where possible. 
It is recommended that the power be turned off before any tube is rem-
moved from the receiver so that excessive voltage will not be applied 
to the filaments, or heaters, of the remaining tubes. 

Figure 5 

SOCKET CONNECTION 

A-C LINE VOLTAGE. If the source of e.m.f. for operating the fila-
ment of the 171-A type is the a-c power line, precautions should be 
exercised to insure that the line voltage is the same as that for 
which the primary of the filament transformer is designed. To be 
sure that such is the case, the supply line voltage should be deter-
mined with a high grade a-c voltmeter having a range of 0 to 150 
volts. If the line voltage measures in excess of that for which the 

transformer is designed, a series resistor should be inserted in 
the supply line to reduce the line voltage to the rated value of 
the transformer primary. Unless this is done, the excess input 
voltage will cause proportionately excessive voltage to be applied 
to the filament. Remember that any radio vacuum tube may he damag-
ed or made inoperative by excessive operating voltage. 

If the line voltage is consistently so much below that for which 
the primary of the transformer is designed as to make it impossible 



to ever obtain a filament voltage of 5.0 volts, it may be necessary 
to install a booster transformer between the a-c outlet and the 
transformer primary. Before such a transformer is installed, the 
amDc line fluctuations should be carefully measured. Many radio sets 
are equipped with a line voltage switch which permits adjustment of 
the power transformer primary to the line voltage. When this switch 
is properly adjusted, the series resistor or booster transformer 
mentioned above is seldom required. 

CIRCUIT REQUIREMENTS. When the filament is operated from a d-c 
source, the grid and plate returns should be made to the negative 
filament terminal. When a-c is used on the filament, the plate and 
grid returns should be brought either to a mid- tapped resistor of 
from 20 to 40 ohms across the filament windings, or to the mid- tap 
of the filament winding itselfe 
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A negative grid bias, as shown in the table of "OPERATING VOLTAGES" 
on the following page, should always be used with this tube to pre.-
vent distortion and overloading. This bias may be obtained by means 
of a " C" battery or by means of the voltage drop through a resistor 
in the plate return lead, as shown in Figures 6 and 7 respectively. 
These diagrams show typical audio power amplifier circuits. The 
proper value of the resistor is 2150 ohms when 180 volts are used 
on the plate, 1700 ohms when 135 volts are used; and 1600 ohms when 
90 volts are applied to the plate. 
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Either an output transformer or a choke coil and condenser should 
be used, as shown in Figure 8, to keep the high plate current of the 
171-A from the windings of the loudspeaker driving unit. 

P e 
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e 
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P 

b M F D. BY - PASS 
 IrCONDENSER 

10 - 30 10 
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CHOKE 

6-0  

CHOKE C011 

Figure 8 

In regard to the operating voltages and characteristics of this 
tube it can be said that the value of 180 volts with its correspond-
ine grid voltage need be used only in cases where there is a suffi-
cient signal to secure the full grid swing and where the maximum 
power of the tube is desired. Where maximum output is not essen-
tial, the use of either of the lower values of plate voltage with 
their respective grid bias voltages, is recommended. It should be 
noted that high plate voltage does not of itself produce appreci-
ably greater volume. What it does is to allow the use of a larger 
negative grid bias and this in turn permits the application of a 
larger signal voltage to the grid. The combined result gives higher 
volume without distortion when the volume control of the receiver 
is advanced. 

POWER AMPLIFIER TUBE - TYPE 171-A  

Filament Voltage 
Filament Current 
Plate Voltage 
Grid Voltage ( C-Bias)* 
Peak Grid Swing 
Plate Current 
Plate Resistance 
Amplification Factor 
Mutual Conductance 
Undistorted Power Output 
Approximate Direct Inter-Electrode Capacitances 

Grid to Plate 8.2 
Grid to Filament 4.5 
Plate to Filament 2.5 

Rating and Data 

90 135 
19 29.5 
16.5 27 
12 17.5 

2250 1960 
3 3 

1350 1520 
125 370 

5.0 volts ambe or dime 
.25 amperes 

180 volts maximum 
43 volts 
40.5 volts 
20 milliamperes 

1850 ohms 
3 

1620 micromhos 
700 milliwatts 

mt. 
mmf. 
nauf. 

*Values of grid voltage are given with respect to the mid-point of 
the filament operated on a- c. If the filament is cl-c operated, each 
given value of grid voltage should be decreased by 2.5 volts and be 
referred to the negative end of the filament. 

1 
If it is desired to obtain, without an increase in plate voltage, 
more power output than one tube of this type will deliver then two 
tubes may be operated in parallel or in push-pull. The parallel con-
nection permits increased power output without any increase in the 
signal applied to the power stage, while the push-pull connection for 
maximum power output requires that the input signal to the power 
stage be doubled, but it provides more freedom from distortion. 
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POWER  AMPLIFIER - TYPE 245  

The 245 vacuum tube is a power amplifier for supplying large undis-
torted output to a loudspeaker. It is intended for use in the last 
stage of an audio-frequencY amplifier, in a socket whose filament 
voltage is 2.5 volts. It should be borne in mind that a 245 tube 
is not interchangeable with a 171-A tube or any other power ampli-

fier tube. 

The socket connections for this tube are like the standard UY socket. 
It is important to locate a tube of this kind in a set to allow suf-
ficient natural circulation to prevent overheating. The filament may 
be operated from a storage battery or from the a- c line through a 
step-down transformer. In either case the voltage to the filament ter-
minals should be the rated value of 2.5 volts. Concerning low resist-
ance connections in the filament circuit splices and about turning 
the power off before any tube is removed to prevent excessive voltage 
from being applied to the filaments or heaters of the remaining tubes, 
the same conditions hold for the 245 as for the 226. 

CIRCUIT REQUIREMENTS. To prevent distortion and overloading, neg-
ative grid bias as shown in the table of " OPERATING VOLTAGES," 
should always be used with this tube. It is strongly recommended 
that this bias be obtained by means of the voltage drop through a 
resistor in the plate return lead. See Figures 9 and 10 for the 
general arrangement of circuits utilizing a-c or d-c filament volt-

age supply. 
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The proper value of a resistor in the plate return lead should be 
1550 ohms when 250 volts are used. on the plate, or 1350 ohms when 
180 volts are used. This method of obtaining the bias must be used 
in any amplifier circuit where grid leaks are used. In such a cir-
cuit a grid leak having a resistance of greater than 1.0 megohm 
should not be used. When the filament is operated from a de source, 
the grid and plate returns should be made to the negative filament 
terminals. When a-c is used on the filament, the plate and grid re-
turns should be brought to (1) a mid- tapped resistor of from 20 to 
40 ohms across the filament windings, or ( 2) the mid- tap of the fila-
ment winding itself. 

Either an output transformer or a choke coil and condenser should 
be used to keep the high plate current of the 245 from the windings 
of the loudspeaker driving unit. This was previously referred to in 
Figure 8. 
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POWER AMPLIFIER - TYPE 245 

Rating and Date 

Filament Voltage 
Filament Current 
Plate Voltage 
Grid Voltage ( C-Bias) 
Peak Grid Swing 
Plate Current 
Plate Resistance 
Amplification Constant 
Mutual Conductance 
Undistorted Power Output 

180 
-33 
33 
26 

1950 
3.5 

1800 
780 

2.5 volts a- c or (1--43 
1.5 amperes 

250 volts ( max imun) 
--50 volts 
50 volts 
32 

1900 
3.5 

1850 micromhos 
1600 milliwatts 

milliamperes 
ohms 

-•• 

If it is desired to obtain more power output than one 245 tube will 
deliver then two 245 tubes may be operated in parallel or push-pull. 
The parallel connection permits increased power output without any 
increase in the signal applied to the power stage, while the push-
pull connection for maximum power output requires that the input sig-
nal to the power stage be doubled, as previously explained. 

The value of 250 volts with its negative grid bias of 50 volts need 
be used only in those cases where there is a sufficient signal to 
secure the full grid swing and where the maximum power output of a 
245 tube is desired. Where maximum output is not essential, the 
lower value of 180 volts with a negative grid bias of 33 volts, is 
recommended. As stated before, high plate voltage does not of it-
self produce appreciably greater volume but it allows the use of a 
larger negative grid bias and this in turn permits the application 
of a larger signal to the grid. Consequently, the combined result 
gives higher volume without distortion when the volume control of a 
given receiver is advanced. 

SCREEN  GRID R-F AMPLIFIER - TYPE 222= 

The 222 vacuum tube is a screen-grid amplifier recommended for use 
primarily as a radio-frequency amplifier in carefully shielded cir-
cuits especially designed for it. It may also be effectively used 
as a space- charge grid tube or as a double-grid tube in special cir-
cuits. This tube is designed for use with the standard UX socket, 
the socket connections being given in Figure 11. The connection 
for the control grid is made to the metal cap at the top of the tube. 

The voltage applied to the filament terminals of the 222 should not 
exceed the rated value of 3.3 volts. It may be supplied by either 
dry- cells so connected as to give 4.5 volts or by a storage battery 
of 6 volts, depending upon whether 3.3 volt or 5.0 volt filament 
tubes are used in the other stages of the radio receivers. 

When the 222 type is to be used in connection with storage battery 
tubes, for example tubes such as a 201-A, 112-A, and so on, then 
each 222 should have a 15 ohm resistor connected in series with its 
negative filament lead with the resistor tapped at 12 ohms. The re-
sistor and filament may then be connected directly in parallel with 
the 5 volt filaments of the other tubes and operated from the same 
common rheostat. This connection is shown in Figure 12. 
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Or, if dry-cell tubes, such as a 199 and 120, are used the filament 
of the 222 may be connected directly in parallel with the filaments 
of the other tubes and operated from the same common rheostat. This 
arrangement is given in Figure 13. It is recommended that both the 
filament and plate voltage be disconnected before any tube is in-
serted in or removed from its socket as we suggested before. 

HOW TO OBTAIN SCREEN VOLTAGE. The positive voltage for the screen 
should be obtained from a tap on the plate battery or from a tap so 
located on the B - supply device, such as a voltage divider for 
example, as to definitely give the required screen voltage. /lever 
attempt to obtain the screen voltage by connecting the screen 
through a series resistor to a high plate voltage source, such as 
that of the power amplifier tube for instance. Such a series re-
sistor connection will not ir general be satisfactory for screen 
voltage supply because of the considerable variation in screen cur-
rent of different tubes. 

The screen voltage obtained from a definite voltage tap on the B 
battery or the 13 - supply device may be made variable between 0 and 
45 volts by the use of a potentiometer connected as shown in Figures 
12 and 13 which are typical screen grid r-f amplifier circuits. As 
the voltage applied to the screen is reduced by adjustment of the po-
tentiometer, the mutual conductance of the 222 tube is decreased with 
consequent reduction in volume. The potentiometer method, therefore, 
makes a suitable volume control for the receiver in which it is used. 

It should be noted that when the potentiometer method of volume con-
trol is used with a " B" battery source of screen potential, precau-
tions should be taken to provide for opening the screen grid circuit 
connection to the " B" battery when the radio set is not in use as in-
dicated at X in Figure 13. If this precaution is not observed, cur-
rent will continue to flow through the potentiometer and shorten the 
life of the battery. 
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When the 222 type is used as a screen-grid radio-frequency ampli-
fier, neutralization of the inter-electrode capacity betwean grid 
and plate to prevent feed-back through the tube is unnecessary be-
cause of the internal shielding by the screen. It is necessary, 
however, to take every precaution to avoid external coupling be-
tween the grid and plate circuit elements if stable operation of 
the 222 is to be obtained in circuits designed to give maximum 
gain per stage. 

In multi-stage amplifier circuits, it is necessary to completely 
and effectively shield each stage, and to include within the stage 
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shield all of the component parts of that stage. You can under-
stand this arrangement by referring to Figures 12 and 13. Unless 
the coils and condensers of the various stages are shielded from 
each other, the amplification possibilities of the 222 cannot be 

fully realized. 

If only a single 222 radio-frequency stage is used, it may not be 
necessary to shield this stage completely for reception of broad-
cast frequencies. Sufficient shielding will usually be obtained 
by placing the grid coil and condenser within a grounded metallic 
shield. In some cases it may be necessary to shield the 222 by a 
metallic jacket fitting closely over the tube and having an in-
sulated opening at the top for the grid cap. The jacket should 
extend down at least to the base of the 222 and should be connect-
ed to either one of the filament terminals of the socket. The con-
trol grid lead should be kept as short as possible and should be 
spaced from other circuit elements. 

The grid and plate circuit returns should be made to the negative 
filament terminal. The grid bias voltage of - 1.5 volts may be 
obtained from a " C" battery or from the drop in the 12 ohm portion 
of the tapped 15 ohm resistor which was previously mentioned. It 
should be noted that the tapped resistor method of obtaining the 
control-grid bias is usable only when the filament of the 222 is 
operated from a 6 volt "A" supply. 

As a means of reducing coupling in the circuits external to the 
tube, the use of radio-frequency filters in all of the leads en-
tering the stage shields as shown in Figures 12 and 13, is re corn-
mended. When filters are used the impedance of the circuit from 
screen to ground is kept as low as possible by the use of by-pass 

condensers. 

In general, properly designed radio-frequency transformers are pre-
ferable to impedances for inter-stage coupling, and especially so 
in cases where a high impedance "B" supply device may cause oscil-
lation below radio frequencies. If, however, impedance coupling is 
used between stages it is best to employ a blocking condenser having 
a capacitance of 0.00025 mfd. and a grid lead of from 2 to 5 megohms. 
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Figure 15 

If the 222 type is to be operated as a screen-grid audio-frequency 
amplifier or as a space charge grid audio-frequency amplifier, re-
sistance coupling should be used in its plate circuit. For either 
case, the value of the plate coupling resistor should be of the 
order of from 100,000 to 250,000 ohms. With the value of 250,000 
ohms, a voltage amplification of 40 per stage should be obtained 
from either type of circuit. Suitable values of grid leaks and block-
ing condensers are shown in Figures 14 and 15. In Figure 14 you see 
a typical screen grid audio-amplifier circuit while Figure 15 gives 
a typical space charge grid audio-amplifier circuit. 

SCREEN GRID R-F AMPLIFIER TYPE 222  

Rating and Data 

Filament Voltage 
Filament Current 
Plate Voltage, Maximum and Recommended 
Grid Voltage ( C-Bias) 
Screen Voltage, Recommended 
Plate Current 
Screen Current not 
Plate Resistance 
Amplification Factor 
Mutual Conductance 
Direct Inter-Electrode Capacitances 

Effective GridPlate 
Input 
Output 

3.3 volts 
.132 ampere 

135 volts 
-1.5 

+45 
1.5 

over 1/3 
850,000 

300 
350 

0.0025 
3.5 

12 

volts 
volts 
milliamperes 
of plate current 
ohms 

micromhos 

mmr. maximum 
mmf. approx. 
mmf. approx. 

In the following paragraphs we discuss about the special considera-
tions concerning operating voltages and characteristics. When the 
222 type is employed as a screen-grid radio-frequency amplifier, 
critical adjustment of the plate or screen voltage is not required. 
A plate voltage as low as 90 volts may be used but in special cases 
a screen voltage not exceeding 67.5 volts may be found desirable. 

If the 222 is operated as a screen-grid audio-frequency amplifier, 
a plate supply voltage of from 135 to 180 volts applied through a 
plate coupling resistor of from 100,000 to 250,000 ohms is recom-
mended. Under these conditions, the screen is operated preferably 
with i- 22.5 volts, and the grid with from -- . 75 to-- 1.5 volts. A 
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higher value of screen voltage may be used but because of the 
greater voltage amplification obtained at the increased voltage, 
more critical circuit adjustment will be required. 

When the 222 is connected as a space charge grid audio-frequency 
amplifier, the inner or control grid is operated at +22.5 volts to 
neutralize the electron space charge around the filament. The outer 
grid then becomes the control-grid and should be biased negatively 
by from 0 to - 1.5 volts depending upon the conditions of operation. 
For best results, the use of a variable control-grid bies potenti-
ometer as shown in Figure 15, is recommended. 

The screen-p.id audio- frequency connection, in comparison with the 
space charge grid connection, will give somewhat lower maximum am-
plification but it will permit of better audio- frequency fidelity. 

SCREEN GRID R-F AMPLIFIER.....A-C HEATZR - TYPE 224 

The 224 vacuum tube is a screen-grid amplifier containing a heater 
element which permits operation from alternating current. It is 
recommended for use primarily as a radio- frequency amplifier in 
carefully shielded circuits especially designed for it but it may 
also be effectively used as a space charge grid tube or as a double 
grid tube in special circuits as in the case of the 222 type which 
we just discussed. 
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SOCKET CONNECTION 

The five-prong base of the 224 type requires the standard UY socket. 
As with all types of tubes the socket should make firm, large sur-
face contact on the prongs to minimize contact resistance. In 
Figure 16 we have drawn a sketch showing the socket connections for 
this tube and keep in mind that the connection for the control grid 
is made to the metal cap at the top of the tube. 

'2HE HEATER CONNECTIDN. The heaters of the 224 tube should be con-
nected in parallel, as shown in Figure 17. The transformer winding 
supplying the heaters should be designed to maintain 2.5 volts across 
the heaters of the total number of 224 tubes used in the receiver. 
Due to the high current and low voltage all connections in the heater 
circuit must be particularly low resistance and all heater circuit 
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ere; 
leads hould be of high current carrying capacity with all splices 
well soldered. The heater leads to the different tubes should be 
as nearly of equal length as is found practicable to make them and 
all leads carrying alternating current should be of twisted pair. 

THE CATHODE CONNECTION. Connection of the cathode to the heater 
should be made ( 1) preferably to the movable arm of a potentiometer 
connected across the heater winding of the power transformer, or 
(2) to a mid- tapped resistor across the heater winding, or ( 3) to 
the mid-point of the heater winding itself. In some circuits, bias-
ing of the heater negative with respect to the cathode by not more 
than 9 volts may be helpful in reducing hum. 
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VOLTAGE FOR  THE SCREEN GRID. The diagram in Figure 17 illustrates 
a typical a-c screen grid radio- frequency amplifier circuit. It 
shows how the screen voltage obtained from the definite voltage tap 
source may be made variable between 0 and 75 volts by the use of a 
potentiometer, Re marked "VOLUME CONTROL." Since the voltage applied 
to the screen is reduced by adjustment of the potentiometer, R, the 
mutual conductance therefore, of the 224 is decreased with consequent 
reduction in volume and this action makes a potentiometer a satis-
factory volume control for the receiver. 
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A-C LINE VOLTAGE. The source of power for operating the heaters of 
the 224 tubes may be one of the secondary windings on the power trans-
former incorporated in the radio set, or it may be the secondary of 
a separate transformer. In either case, to obtain from the secondary 
a heater voltage of 2.5 volts, the transformer primary must be sup-
plied with its rated voltage. 

CIRCUIT REQUIREMENTS. When the 224 ' type is used as a screen-grid 
amplifier, neutralization of the inter-electrode capacity between 
grid and plate to prevent feed-back through the tube is unnecessary 
because of the internal shielding by the screen. It is necessary, 
however, to take every precaution to avoid external coupling between 
the grid and plate circuit elements if stable operation of the 224 
is to be obtained in circuits designed to give maximum gain per stage. 
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SCREEN GRID R-F AMPLIFIER.....A-C HEATER - TYPE 224  

Rating and Data 

Heater Voltage 
Heater Current 
Plate Voltage, Maximum and 
Grid Voltage CC-Bias) 
Screen Voltage, Maximum 
Plate Current 
Screen Current 
Plate Resistance 
Amplification Factor 
Mutual Conductance 
Direct Inter-Electrode Capacitances 
Grid-Plate 0.01 mmf.maximum; Input 5 urd:approx.;Output 10 mmf.approx. 

2.5 
1.75 

Recommended 180 
-1.5 

+75 

not over 1/3 
400,000 

420 
1050 

volts a-me or d-c 
amperes 
✓olts 
✓olts 
volts 
milliamperes 
of plate current 
ohms 

micromhos 

In multi-stage amplifier circuits, it is necessary to completely 
and effectively shield each stage, and to include within the stage 
shield all of the component parts of that stage, as you will under-
stand by referring to Figure 17. Unless the coils and condensers of 
the various stages are shielded from each other, the amplification 
possibilities of any screen grid tube cannot be realized. 

If the 224 type is to be used as a screen-grid detector for either 
grid leak detection or grid bias detection, the latter being called 
power detection, resistance coupling should be used in its plate 
circuit. A value of from 200,000 to 500,000 ohms is best suited for 
the plate coupling resistor. All of the voltages, except the 1.5 
volts for the heater, may be supplied from taps on the same "B" sup-
ply device. Neither the plate nor the screen voltage is critical. 

The volume of the receiver may be effectively controlled by means of 
a potentiometer connected as shown in Figure 17, this arrangement be-
ing similar to the connections shown in Figures 12 and 13 or by a 
variable grid resistor inserted in the cathode circuit through which 
the plate current must flow. 

SCREEN GRID POWER DETECTOR. If the 224 type is used as a screen-grid 
detector, the grid bias method of detection is recommended because of 
its ability to handle large input voltages without overloading. For 
this method the following suitable operating values are suggested: 
a plate supply voltage of 200 volts applied through a plate coupling 
resistor of 250,000 ohms, a positive screen voltage of 45 volts, and 
a negative grid bias ( approximately 5 volts) so adjusted that a plate 
current of 0.1 milliampere is obtained with no a-c input signal. 
Fig, 18 shows the principle of connecting a screen-grid power detector. 
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TYPES WD 11 AND WD  12 FOR USE WITH DRY CELLS.  

These tubes are among the earliest types of dry cell tube and 
were designed to be used with one or more #6 dry cells in parallel 
for filament supply. The -11 type tube has a special arrangement 
of prongs and so requires a special socket whereas the -12 type 
was designed to be used in a regular UX type socket. The electrical 
characteristics of both tubes are the same, hence, in either case 
the oxide coated filament consumes a quarter of an ampere at 1.1 
volts and the plate may be operated with from 40 to 90 volts. 
Each type is a general purpose tube and can be used either as an 
r-f or a-f amplifier lor detector. 

TYPES WD-11 AND WD-12 

Rating and Data 

Filament Voltage 
Filament Current 
Plate Voltage 90 
Grid Voltage ( C-Bias) -4.5 
Amplification Factor 

1.1 volts 
0.25 ampere 

67 45 volts 
-.5 to 1.5 volts 

6.6 

For use as a detector the grid return should be connected to the 
positive side of the filament and for this specific use a 2 megohm 
grid leak and . 00025 mfd. condenser are recommended with 22i to 
45 volts on the plate. 

TYPE 199 GENERAL PURPOSE BATTERY-TYPE TUBE. 

These tubes are also general purpose battery-type tubes being 
designed to give more economical battery consumption than the 
-11 or -12 type. They may be used either as amplifiers or detectors, 
when used as a detector the grid circuit return should be connected 
to positive filament and a 3 megohm grid leak and . 00025 grid 
condenser are recommended. Due to the low interelectrode capacity 
these tubes make good r-f amplifiers and, also, they can be used 
in the a-f stages to operate small speakers. Care should be taken 
to use the proper negative bias on the grid of the 199 whenever it 
is used as an amplifier. 

TYPE 199 TUBE 

Rating and Data 

Filament Voltage 
Filament Current 
Amplification Factor 
Plate Voltage-
Grid Voltage ( C-Bias) 

3.3 volts 
.063 ampere 

6.6 

90 volts 
m4.5 volts 
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The filament is of the thoriated tungsten type which may be 
reactivated if desired. Since the normal consumption is . 06 
ampere at 3.3 volts only three dry cells are necessary to supply 

the filament current. 

TYPE 120 AUDIO OUTPUT AMPLIFIER.  

This tube is a power amplifier designed to be used in the last 
stage of a receiver employing 199 type tubes. It operates with 
the same filament voltage as the 199 but takes twice as much current 

to heat the filament. 

TYPE 120 AUDIO OUTPUT AMPLIFIER  

Rating and Data 

Filament Voltage 
Filament Current 
Amplification Factor 
Plate Voltage (max.) 
Grid Voltage (C-Bias) 

3.3 volts 
0.132 ampere 
3.3 

135 volts 
im-22.5 volts 

As the characteristic charts indicate, the 120 requires higher 
plate voltage and greater bias than the 199 and gives more power 
output without distortion. 

TYPE 201-A STORAGE BATTERY TUBE.  

For many years the 201-A tube has been the standard general 
purpose battery type tube. It was at one time the most popular 
type tube used in radio receivers where the space occupied by 
the batteries was not of great importance. Although the battery 
consumption is quite low for a 201-A filament yet a storage 
battery is recommended instead of dry cells. The plate current 
is greater than for the 199 and, therefore, higher capacity "B" 
batteries are recommended. 

The filament is of the thoriated tungsten type rated at 5 volts 
and 0.25 ampere. The UV- type base with short prongs was first used 
with this tube but now the base has been changed to fit a standard 
UX socket. 

TYPE 201-A TUBE 

Rating and Data 

Filament Voltage 
Filament Current 
Amplification Factor 
Plate Voltage (max.) 135 

Grid Voltage ( CI-Bias _9 

5 volts 
0.25 ampere 
8 

(recommended) 90 volts 

-4.5 volts 
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0 types of tubes just discussed, a 2 megohm grid leak and 0.00025 mfd. 0 

condenser are recommended. The tube also makes a good r-f and a-f 
amplifier and, as mentioned before for other tubes, care should be 
taken to use the proper Cc-bias. 

TYPE 240 USED WITH RESISTANCE COUPLING.  

> This tube is designed primarily to be used as a detector or 
audio- frequency amplifier where resistance coupling is desired. 
It is similar in appearance to the 201-A but the grid and plate 
construction differs to secure higher amplification and the plate 
impedance Is also much higher than that of the 201mA0 

o 
0,4 
'Cab 

i e 

Detector operation is not critical and, as in the case of other 

TYPE 240 TUBE 

Rating and Data 

Filament Voltagg. 5 volts 
Filament Current .25 ampere 
Amplification Factor 30 

240 USED AS AMPLIFIER 

Plate Voltage 135 volts ( recommended) 180 volts (max.) 
Grids Voltage (C-Bias) -1.5 volts .-3.0 volts 
Plate Coupling 250,C0C ohms 256,000 ohms 

Resistance 

240 USED AS DETECTOR 

(Grid  Leak Detection) 

Plate Voltage 
Plate Coupling Resistance 
Grid Leak 

(Grid Bias Detection) 

Plate Voltage 135 volts 
Plate Coupling 250,000 ohms 

Resistance 
Grid Voltage ( C-Bias) -3 volts 

135 to 180 volts 
250,000 ohms 

2 - 5 megohms 

180 volts 
250,000 ohms 

--4.5 volts 

The above chart gives the various ratings for the 240 when used 
either as an amplifier, or a grid- leak or grid-bias detector. 
As just stated, this tube may be used for either grid leak or grid 
bias detection, the first giving higher sensitivity and the 
latter freedom from distortion on high signal input voltages. When 
used in a resistance coupled audio amplifier the 240 gives quite 
uniform amplification from 30 to 10,000 cycles. 
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TYPE 112-A AMPLIFIER. 

This is an oxide coated storage battery tube, having a lower 
plate resistance than tte 201-A. It may be used as a detector , 
r-f amplifier or a-f amplifier. For detector use it is recommended 
to use 45 volts on the plate, a C.00O25 mfd. grid condenser and a 
2 to 3 megohm leak. Due to the difference in interelectrode 
capacity and plate resistance it may be difficult to control if 
used in a radio- frequency circuit but the low impedance, however, 
makes this tube most suitable for use in transfarmer coupled audio 
amplifiers. It also makes a good power amplifier having a greater 
output than the 2C1-A but less than the 171-A. 

TYPE 112-A A1TLIFIER_ 

Rating and DatE 

Filament Voltage 
Filament Current 
Amplification Factor 
Plate Voltage 
Grid Voltage 

135 volts ( recommended) 
volts 

TYPE 250 POWER AMPLIFIER TUBE. 

5 volts 
.25 ampere 

8.5 
180 
-13.5 

volte (max.) 
volts 

This tube is a heavy duty power amplifier intended for use in 
installations where more undistorted power output is required than 
for average home use. The 250 is larger in size than tha 210 
and requires greater bias for the same plate voltage. For this 
reason it cannot be used in a set formerly using a 210 unless the 
set is changed to increase the bias. When this is done it will 
give a greater power output than the 21C. This tube has an oxide 
coated filament rated at 7.5 volts, 1.25 amperes and draws higher 
plate current and has lower impedance than the 210. 

TYPE 250 AMPLIFIER 

Rating and Data 

Filament Voltage 
Filament Current 
Amplification Factor 
Plate Voltage 
Grid Voltage ( C-Bias) 
Power Output (milliwatts) 

250 
-45 
1000 

350 400 
-63 -70 

2400 34C0 

7.5 volts 
1.25 amperes 
3.8 

450 volts 
-84 volts 

4600 milliwatts 
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TYPES 238,  237 and 238 DESIGNED FOR AUTOMOBILE RADIO RECEIVERS 

This group of three tubes consista of a screen-grid tube, a general 
purpose tube and a power output pentode. All three are of the high 
vacuum type and employ coated cathodes indirectly heated.The cathodes, 
which are the same for all three types, have been carefully designed 
to insure uniform heating over as wide a range of heater voltages as 
possible in order that the tubes will perform satisfactorily under 
the normal voltage variation of automobile batteries during charge 
and discharge. This feature together with that or the general free-
dom from microphonic and battery circuit disturbances of the heater-
cathode type, make these new tubes particularly suited for use in 
automobile receivers. 

The 236 Screen-Grid tube is particularly recommended for operation 
as a radio-frequency amplifier in circuits especially designed for 
it. It may be employed also as a screen-grid detector. 

The 237 general purpose tube is useful either as detector, amplifier 
or oscillator. 

The 238 power amplifier pentode has been designed to give good out-
put volume consistent with the relatively low voltage and limited 
capacity of the plate supply battery. 

The 236 and 237 will also be found especially adaptable to the de-
sign of radio receivers for operation from the d-c power line. In 
such service the heaters of these two types may be connected in series 
to operate at 0.3 ampere. This is made possible by the uniform heat-
ing of the cathode over a wide voltage range to offset normal line 
voltage variation. 

TYPE 236 FOR AUTOMOBILE SETS 

This screen-grid tube may be used as either a radio- frequency ampli-
fier, a detector or an intermediate- frequency amplifier in circuits 
especially designed for it. The 236 employs a coated cathode of the 
semi- quick-heater type designed for d-c operation only. Owing. to the 
special cathode design, the heater voltage may range between 5.5 and 
8.5 volts during the charge and discharge cycles of the battery with-
out appreciably affecting the performance or serviceability of this 
tube. No resistor in the heater circuit is required for this type 
operated from a 6-volt battery. 

The socket required by the 236 is of the standard UY type and may be 
mounted to hold the tube in either a vertical or horizontal position. 
Socket connections are the same as for a UY-224. 

Stable operation of the 236 in radio-frequency circuits designed to 
give maximum gain per stage requires separation of the input and out-
put circuit elements. In general, with multi-stage amplifier circuits, 
it is necessary to use complete stage shielding enclosing all the com-
ponents of each stage. Unless this is done, the amplification pos-
sibilities of the 236 will not be realized. The use of radio-frequency 
filters in all leads entering the stage shields is advised to reduce 
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coupling in external parts of the circuit. In regard to heater to 
cathode bias it should not exceed 45 volts. 

Since the screen current of individual tubes is subject to varia-
tion, the use of a resistance in series with the plate voltage 
source for the screen voltage supply will result in poor regulation 
and uncertain operating screen voltages. It is recommended therefore, 
that the screen voltage be obtained from either a tap on the plate 
battery, or from a potentiometer or bleeder circuit which maintains 
the screen voltage approximately constant at the recommended value. 
If a bleeder circuit or potentiometer is used, its electrical design 
should be such as to provide adequate screen voltage regulation; 
otherwise, the effect will be essentially the same as that of a 
series resistor with resultant poor regulation. The volume of the 
receiver should be controlled preferably by varying the grid voltage. 
The control adjustment should be such as to impress not less than 
- 1.5 volts on the grid when recommended voltages are applied to the 
screen. The use of some device for reducing the signal input to the 
first radio-frequency tube will be necessary where strong local sig-
nals will cause high values of peak grid voltage. 

TYPE 236 FOR AUTOMOBILE SETS  

Heater Voltage 
Heater Current 
Plate Voltage 
Screen Voltage 
Grid Voltage 
Plate Current 
Screen Current 
Plate Resistance 200,000 
Amplification Factor 170 
Mutual Conductance 850 

Rating and Data 

135 
67.5 
-1.5 

over 1/3 
300,000 

315 
1050 

6.3 
04.3 

135 * 
75* 

volts d-c 
ampere 
volts 
volts 

-1.5* volts 
3.5 milliamperes 

of plate current 
250,000 ohms 

275 
1100 micromhos 

The 236 may be employed as a screen-grid detector of either the grid-
bias or grid- leak type. For both of these connections resistance 
coupling may be used with a plate coupling resistor. An equivalent 
reactor may be substituted for the plate resistor where greater out-
put from low percentage modulated signals Is desired. For most sen-
sitive detection with resistance ceoupling, it will be necessary to 
reduce the screen voltage to from 20 to 45 volts. For plate detec-
tion the bias may be secured either from a fixed voltage source or 
by automatic biasing from a resistor in the cathode circuit. 

TYPE 237 FOR AUTOMOBILE SETS 

This three-electrode tube may be used in circuits of conventional de-
sign as either an amplifier, a detector or an oscillator. The tube 
employs a coated cathode of the semi-quick-heater type designed for 
d-c operation only. Owing to the special cathode design, the heater 
voltage may range between 5.5 and 8.5 volts during the charge and dis-
charge cycles of the battery without appreciably affecting the per-
formance of serviceability of this tube. 
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TYPE 237 FOR AUTOMOBILE SETS 

Rating and Data 

Heater Voltage 
Heater Current 
Plate Voltage 
Grid Voltage 
Plate Current 
Plate Resistance 
Amplification Factor 
Mutual Conductance 
Load Resistance *** 
Undistorted Power Output 
Approximate Inter-Electrode 

Grid to Plate 
Grid to Cathode 
Plate to Cathode 
Base 
Socket 

90** 

2.7 
11,500 

9 
780 

14,000 
30 

Capacitances 
2.0 mmf. 
3.3 mmf. 
2.3 mmf. 

6.3 volts d-c 
0.3 ampere 

135* volts 
-9 volts 
4.5 milliamperes 

10,000 ohms 
9 

900 micromhos 
12,500 ohms 

75 milliwatts 

small UY 
UY 

***Optimum load resistance for maximum undistorted power output 
as given. 

*Recommended values for use in automobile receivers. 
**Recommended values for use in receivers designed for 110 volt 

d-c operation. 

In detector service, the 237 may be used either with grid lead and 
grid condenser or with grid bias. If grid leak detection is used, 
a condenser of 0.00025 mfd. and a grid leak of from 1 to 5 megohno 
will give excellent sensitivity. However, more stable operation and 
better quality will be obtained by using a low value of grid leak. 
For plate detection the bias may be secured either from a fixed volt-
age source br by automatic biasing from a resistor in the cathode 
circuit. The heater to cathode bias should not exceed 45 volts as 
in the case of type 236, and the socket connections are the same as 
for a tri-227. 

TYPE 238 - POWER PENTODE FOR AUTOMOBILE SETS  

The 238 is a screen-grid tube designed primarily for giving large 
audio power output for relatively small signal voltages impressed 
on the grid. This is made possible by the addition of a " suppressor" 
grid between the screen and the plate. The suppressor is connected 

inside the tube to the cathode and is therefore operated at the same 
potential as the cathode. When connected and operated in this manner, 
the suppressor is effective in practically eliminating the secondary 
emission effects which limit the power output from four- electrode 
screen-grid types. 

Other considerations already mentioned in regard to the special types 
of automobile tubes are that the heater to cathode bias should not 
exceed 45 volts. and the grid bias for the 238 may be obtained either 
from a fixed voltage source or by automatic self-biasing from a re-
sistor in the cathode circuit. Also, this tube employs a coated 
cathode of the semi-quick-heater type designed for d-c operation only 
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and owing to the special cathode design, the heater voltage may range 
between 5.5 and 8.5 volts during the charge and discharge cycles or 
the battery without appreciably affecting the performance or ser-
viceability of this tube. 

TYPE 238 - POWER PENTODE FOR AUTOMOBILE SETS  

Rating and Data 

Heater Voltage 
Heater Current 
Plate Voltage, Recommended 
Screen Voltage, Recommended 
Grid Voltage • 
Plate Current 
Screen Current 
Plate Resistance 
Amplification Factor 
Mutual Conductance 
Load Resistance 
Undistorted Power Output 
Base 
Socket 

6.3 volts 
0.3 ampere 

135 volts 
135 volts 
-13.5 volts 
8 milliamperes 
2.5 milliamperes 

110,000 ohms 
100 
900 micromhos 

15,000 ohms 
375 milliwatts 
small UY 

UY 

THE 2-VOLT TYPE TUBES FOR BATTERY OPERATION  

2-VOLT TUBE - DETECTOR AND AMPLIFIER - TYPE 230  

The 230 is a new general purpose tube of the three electrode, high 
vacuum type. It employs a strong metallic filment coated with al-
kaline earth compounds. The filament has been designed to take as 
little power as possible consistent with satisfactory operating per-
formance. This new tube, therefore, is particularly suited for use 
either as a detector or amplifier in radio receivers operating from 
dry- cells or from a storage battery where economy of filament current 
drain is important. 

This 2 volt tube should be mounted in a vertical position and its 
socket and connections are the same as for the 199 tube. It should 
be mentioned that although the 230 is very free from microphonic dis-
turbances, cushioning of its socket may be desirable. 

• 

The coated filament of the 230 should be operated at its rated value 
of 2.0 volts. This voltage may be supplied from dry-cells or from 
a single cell storage battery, but in either case an adjustable fila-
ment rheostat must be used together with a permanently installed in-
dicating instrument to secure the proper filament voltage. This in-
strunent should be either a voltmeter to indicate the terminal e.m.f. 
or a milli ter to indicate the current drain. This requirement 
is applicable to all of the three types of 2 volt tubes, namely, the 
230, 231 and 232 tubes. Bear in mind that fixed filament resistors 
will not give sufficient regulation to permit of satisfactory per-
formance. 

arm lle 

When this tube is used as u detector with a grid condenser and leak, 
the 230 tube should preferably be operated with a plate voltage of 
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2-VOLT TUBE  - DETECTOR AND AMPUYIER TYPP: 

Rating and Data 

Filament Voltage 
Filament Current 
Plate Voltage ( Maximum) 
Grid Voltage ( C-Bias) 
Plate Current 
Plate Resistance 
Amplification Factor 
Mutual Conductance 

Ut bt, or 
hlwayb be 
90 vultb, 

um-
ubmd 
it la 

2.0 volts 
0.06 amperes 

90 volt 
-4.5 volts 
2.0 milliamperes 

12,500 ohms 
8.6 

700 micromhos 

Further, let us advise you that the 230 tube cannot be substituted 
for the 199 tube in radio sets designed for the latter, without cir-
cuit modifications. Suitable precautions must be taken to limit the 
filament voltage to 2.0 volts. In addition, the filament circuit 
must be altered to conform to the requirements of this new tube. If 
these tubes are used in tuned radio-frequency receivers not especial-
ly designed for them it may be necessary to readjust the neutralizing 
condensers or grid resistors before stable operation is obtained. 

2-VOLT TUBE - POWER AMPLIFIER - TYPE 231 

The 231 type tube is a new power amplifier tube of the three elec-
trode, high vacuum type. It employs a strong mettllic filament of the 
coated type which has been designed to take as little power as pos-
sible consistent with satisfactory operating performance. This new 
231 tube, therefore, is particularly suited for use as the power out-
put tube in radio receivers which operate with 230 or 232 type tubes. 
Both of the latter type may be used in the same receiver in conjunc-
tion with the 231, hence, all three types of the new 2 volt tubes may 
be employed in a single receiver. 

2-VOLT TUBE - POWER AMPLIFIER - TYPE 231  

Rating and Data 

Filament Voltage 
Filament Current 
Plate Voltage e Maximum and Recommended 
Grid Voltage ( C-Blas) 
Plate Current 
Plate Resistance 
Amplification Factor 
Mutual Conductance 
Undistorted Power Output 

2.0 volts 
0.130 ampere 

1M) volts 
-22.5 volts 
8 milliamperes 

4,000 ohms 
3.5 

875 micromhos 
170 milliwatts 

The 231 should be mounted in a vertical position and is to be used 
with a socket having connections the same as for the 199 or 120. It 
has been found that provision for cushioned sockets to prevent micro-
phonic disturbances will not usually be necessary when this tube feeds 
directly into the loudspeaker. 
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The recommended and maximum plate voltage for the 231 tube is 135 
volts while the corresponding grid bias is - 22.5 volts. Under these 
operating conditions the plate current, which is 8 ma., is not high 
enough to require the use of a loudspeaker coupling device. 

The 231 tube cannot be substituted for the 120 tube unless the file.-
ment circuit is altered to conform to the requirements of this new 
power output tube since the filament voltage must he limited to 

2.0 volts. 

2-VOLT TUBE - SCREEN GRID R-F AMPLIFIER - TYPE 232  

The 232 type tube is a new screen grid tube recommended for use pri-
marily as a radio-frequency amplifier. It employs a strong metallic 
filament of the coated type, which has been designed to take as little 
power as possible consistent with satisfactory operating performance. 
This new tube, therefore, is particularly useful in the radio-frequency 
stages of specially designed radio receivers operating from dry cells 
or from a storage battery where economy of filament current drain is 
important. The control grid is electrostatically shielded from the 
plate by means of an extra grid placed between plate and control grid 
and operated at a suitable positive potential. The resultant reduc-
tion in plate to control-grid capacity makes high voltage amplifica-
tion per stage practical without external capacity neutralization 
circuits. This isolation of plate and grid results in a small change 
of plate current with a change of plate potential. The plate resist-
ance, therefore, is high and averages about 800,000 ohms. 

2-VOLT TUBE - SCREEN GRID R-F 1MPLIFIER - TYPE 232  

Rating and Data 

Filament Voltage 
Filament Current 
Plate Voltage, Maximum and 
Grid Voltage ( C-Bias) 
Screen Voltage, Maximum 
Plate Current 
Screen Current 
Plate Resistance 
Amplification Factor 
Mutual Conductance 
Effective Grid-Plate Capacitances 

Recommended 135 
.3 

67.5 
1.5 

not over 1/3 
800,000 

440 
550 

2.0 volts 
0.06 ampere 

volts 
volts 
volts 
milliamperes 
of plate current 
ohms 

micromhos 
0.02 =if. maximum 

The 232 tube should be mounted in a vertical position. The socket 
connections for the 232 are the same as for the 222 type tube. Al-
though the 232 is very free from microphonic disturbances, cushion-
ing of its socket may be desirable. 

The connection for the control grid is made to the metal cap at the 
top of the glass envelope as is the usual procedure after placing 
screen-grid type tubes in their sockets. 

The positive voltage for the screen should be obtained from a tap on 
the plate battery and, therefore, never attempt to obtain the screen 
voltage by connecting the screen through a series resistor to a high 
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plate voltage source. Such a series resistor connection will not 
in general be satisfactory for screen voltage supply because of the 
uncertain drop produced by the considerable differences in screen 
currents of individual tubes. 

Stable operation of the 232 tube in eircuit3 designed to give maxi-
mum gain por stage requires separation of the input and output cir-
cuit elements. In general, it is necessary to use complete stage 
shielding including all the components of each stage. The use of 
filters in all leads entering the stage shields is advisable to re-
duce coupling in external parts of the circuit. 

It is recommended that the operating voltage be applied to the 232 
tube as follows.: maximum plete voltage to be 135 volts with all 
corresponding negative grid bias of 3 volts, and a maximum positive 
screen voltage of 67.5 volts. You will find when using tubes of 
this type that neither plate nor screen voltage is critical. The 
control-grid bias for this tube when working on B-battery operated 
receivers should be obtained from a C-battery. The 232 tube can-
not be substituted for the 222 tube in circuits designed for the lat-
ter, without circuit modifications, that is, the filament and grid 
circuits must be altered to conform to the requirements of this new 
screen-grid tube. 

VARIABLE MU TUBE - TYPE 235  

This most recent screen-grid tube has been developed primarily for 
use in radio-frequency and intermediate-frequency amplifier stages. 
It is effective in reducing cross-modulation, and modulation dis-
tortion over the entire range of received signals. Furthermore, its 
design is such as to permit easy control of a large range of signal 
voltages without the use of local-distant switches or antenna poten-
tiometers. This feature makes the tube adaptable to automatic vol-
ume control design. 

VARIABLE MU TUBE - TYPE 235 

Tentative Rating and Normal Characteristics 

Filament Voltage 
Filament Current 
Plate Voltage, Recommended 
Screen Voltage, Recommended 
Grid Voltage 
Plate Current 
Screen Current 
Plate Resistance 
Mutual Conductance 
Approximate Inter-Electrode Capacitances 

Grid to Plate 
Input 
Output 
Base and Socket 

2.5 
1.75 

180 
75 
1.5 
9 

not over 1/3 
200,000 

1,100 

.010 
5 

10 

volts 
amperes 
volts 
volts 
volts 
milliamperes 
of plate current 
ohms ( approx.) 
micromhos 

mmf • max irnum 
=if • 
rnmf. 
UY 

The 235 employs a cathode of the quick-heater type. Its heater should 
be operated at its normal rated voltage of 2.5 volts at the normal de-
sign line voltage. It is interesting to note that a recent survey of 
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normal socket voltage conditions over the United States has establish-
ed that 113 volts represents average operating conditions. 

This tube has a very long characteristic curve that gradually drops 
off which indicates that very strong grid biases can be applied to 
the grid before the plate current reaches zero. In effect the sig-
nal voltage resulting from the oscillating current in the antenna 
system picks out the part of the characteristic curve of the tube it 
chooses to work upon, this being determined by the carrier voltage 
of this signal. A strong local signal may place a bias on the grid 
as low as 30 or more volts, whereas the desired signal which is much 
weaker in intensity may be working around a point which may be only 
a few volts or even tenths of volts negative. This tube's long char-
acteristic curve is due to the special design of the tube elements 
which are made in different forms. For instance, the grid may be 
tilted, or the spacing between the wires may be greater at one part 
of the grid structure than at another, or the diameter may be non-
uniform, that is, wide at one place and narrow at another and so on. 
Observe that curves A and B in Figure 19 illustrate the idea of how a 
variable mu tube combines the features of both a low-mu and high-mu 
tube which permits this tube to work over a wide range of input sig-
nal voltages. Curve A is the characteristic for a low-mu tube and 
curve B is the characteristic for a high-mu tube while the long curve 
drawn in solid line illustrates the combined characteristics. The 
various arrangements of tube structure cause a different, or variable 
mu-factor in operation for electrons emitted from the various ele-
ments of the cathode. When the grid bias is lowor near zerolthe elec-
tron flow is such that current flows from all of these elements but 
as the grid bias becomes more negative the current from the elements 
having the higher mu-factors is cut off gradually at a certain rate. 

The cathode should be connected directly 
to the center-point of the heater circuit. 
If this arrangement is not practical in 
some receiver designs, the heater may be 
made negative with respect to the cathode 
by a potential difference not exceeding 
45 volts. 

3 

Figure 19 

Since the screen current of individual tubes is subject to consider-
able variation, the use of resistance in series with a high voltage 
source for the screen voltage supply will result in poor regulation 
and uncertain operating screen voltages. It is recommended, therefore, 
that the screen voltage be obtained from a potentiometer or from a 
bleeder oircuit which maintains the screen voltage approximately con-
stant at 75 volts. The electrical design of the potentiometer or 
bleeder should be such as to draw several times the maximum screen 
current; otherwise, the effect will be essentially the same as that of 
a series resistor with resultant poor regulation. Radio- frequency choke 
filters for screen voltage supply are preferred, due to their low d-o 
resistance which insures satisfactory screen voltage regulation. 

Since the variation in plate current over the operating range of this 
tube is about 9 milliamperes, the maximum current drain of several 
tubes may cause a large shift in power pack output voltage. It is, 
therefore, recommended that the screen voltage be adjusted to aver-
age 75 volts between the two extremes of the volume control setting. 
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Variation of the negative voltage applied to the ferld will be round 
effective in changing the volume of the receivur. Tn order to uti-
lize the full volume control range or this tube, an available grid 
bias voltage of approximately 75 volts will be required. This volt-
age should preferably be obtained from a potentiometer or bleeder 
circuit. If, however, the receiver is designed so that the required 
volume control can be obtained without exceeding 45 volts, the 
cathode resistor method of obtaining the grid blus control volte 
is permissible. 

The illustration below in Figure 20 shows a diagrammatic circuit for 
Super-Control R-F Amplifier RCA-235 and Power Amplifier Pentode 
RCA-247. 

ist R.F AmPLIF(H 
k'J 4. - 235 

2e* R.F. AMPL tit 
Smiti-Vited RCA- 235 

C = A r BY-PASS corecNstF4t.oi µf.) 
C1= R.r. BY-PASS CONDENSER (0.000251d.) 
Cam A F. BY -PASS CONDENSER - 8 UT.) 
C BLOCKING CONDENSER ( C) 005 - 0.DS µf.) 
L F. CHOKE (5 wilt) 

Li R.F. CHOKE (65 mh.) 
P = POTENTIOMETER (20 OHMS) 

R = R. r. FILTER RESISTOR (S0,000 OHMS APPROX.) 
R1 = DETECTOR BIASING RESISTOR (35.000 OHMS APPROX ) 

R1 2 POWER AMPLIFIER BIASING RESISTOR (420 014mS APPROX.) 
Ra = COUPLING RESISTOR (25C;000 OHMS) 

R4= GRID LEAK RESISTOR (QS mEGONm MAximum) 
RESISTANCE STRIP - nit ..u.uts or Tb« otsPtcYryt ousismes TSIS STAtP 

sr•ouf.o at csoscrl TO Gilt( Tbit iNDICATED VCA.TAGtS AT TN( WhAéOtil TAPtiA3 
bA(ASuALO WIT)4 A see-ottti3TAD•Ct KA.TAKTCPI. MTN. Atsisve.“ T)( 
STRIP !MOULD hike A VALut Su°, TétAT INC ilt-tICOtt CultAtNT * AA. Ilt 
APeROAAAATILP iS TO tO éra.LIAAAIPUttil. 

115 VOLTS 

I06V. II7V 
TAP TAP 

Ot ftc T061 

k A SAW°, ig%A. 
224 

Figure 20 

FuLL-W4AvE RECTif Eft 

RC A RADIOTRON 
WI - 280 

EXAMINATION QUESTIONS (V-13 #1. ) 

1. Explain the principle on which a pentode tube functions. 
2. Calculate the " C" bias resistor for the 245 tube used in 

Figure 9 with 250 volts plate supply. 
3. ( a) Under what conditions would you use a 171-A tube with 

90 volts applied to the plate and ( b) with 180 volts applied? 
4. How is screen grid voltage best obtained and how controlled? 
5. What is the difference between space charge and screen grid 

connections? 
6. Refer to question 5. Which makes the better audio amplifier 

and why? 
7. What advantage does the screen-grid type tube have over the 

3-element tube as an r-f amplifier? 
8. (a) Show by diagram how you would connect a loudspeaker to a 

171-A tube, ( b) to a 245 tube, and ( c) Explain why for each case. 
9. A 224 tube used as a detector has 20C volts applied to its 

plate thru a coupling resistor of 250,000 ohms. Assuming the 
plate current to be . 1 milliampere what voltage is actually 
impressed on the tube? 

10. Give the advantages of the type 235 tube over the type 224 tube. 



AVERAGE CHARACTERISTICS CHART 

DETECTORS AND AMPLIFIERS 

Type 

WD- 11 

WX-I2 

UX-I12-A 

-UV-I99 

UX-I99 

UX-200-A 

UX-20I-A 

UX-222 

UX-222 

UY-224 

UY-224 

GENERAL 

Use 

UX-226 

UY-227 

RCA-230 

RCA-232 

UX-240 

Detector or 
Amplifier  

Detector or 
Amplifier  

Detector or 
Amplifier  

Detector or 
Amplifier  
Detector or 
Amplifier 

Detector 

Detector or 
Amplifier  

Radio Freq. 
A-nplifier  

Audio Freq. 
Amplifier  

R. F. Amp. 
or Detector 

Audio Freq. 
Amplifier 

Base 

Max. Overall 
Dimensions 

Height 

WD-11 

UX 

UX 

UV-199 
Small 
UX 

UX 

UX 

UX 

UX 

UY 

UY 

Amplifier 

Detector or 
Amplifier 

UX 

UY 

Detector or 
Amplifier  

Radio Freq. 
Amplifier 

Detector or 
Amplifier 

'For Grid-Bias Detection, refer to Technical Bulletins. 

Small 
UX 

UX 

UX 

41.1 . 

3r 

lfr 51" 

41-k u 

elfk' 

41" 

51." 

Diam. 

11v 

Filament 
Supply 

D. C. 

Filament 
Terminal 
Volts 

1.1 

D.C. 

D. C. 

D. C. 

D. C. 

D. C. 

D. C. 

D. C. 

D. C. 

1.1h-r 

A. C. or D. C. 

A. C. or D. C. 

A. C. or D. C. 

A. C. or D. C. 

D. C. 

D. C. 

D. C. 

1.1 

5.0 

3.3 

3.3 

5.0 

5.0 

3.3 

3.3 

2.5 

2.5 

1.5 

2.5 

2.0 

2.0 

5.0 

Filament 
Current 
Amperes 

0.25 

0.25 

0.25 

0.063 

0.063 

0.25 

0.25 

0.132 

0.132 

1.75 

1.75 

1.05 

1.75 

0.06 

0.06 

0.25 

DETECTION 

Plate 
Supply 
Volts 

Plate 
Current 
Milliamp. 

45 

45 

45 

45 

45 

45 

45 

1.5 

1.5 

4.0 

1.0 

1.0 

1.5 

1.5 

Refer to 
Technical Bulletin 

45 

45 

1351 
1801 

43Ymmib 

3.5 

1.0 

Grid 
Return 
Lead To 

+F 

+F 

+F 

+F 

+F 

-F 

Cath. 

•••••••• 

Cath. 

0.3 
04 +F 

AMPLIFICATION 

Plate 
Supply 
Volts 

90 
135 

co 
135 

90 
135 

90 

90 

Grid Bias 
Voltage 

D. C. 
on Fil. 

4.5 
10.5 

4.5 
10.5 

A. C. 
on Fil. 

Plate 
Current 
Mili-
amp. 

4.5 
9.0 IIM••••••• 

4.5 

4.5 y•amb 

2.5 
3.0 

2.5 
3.5 

Screen 
Grid 
Volts 

81M.M. ••••••• 

5.2 
6.2 

2.5 

.11am•••• 

.I•YY 

A. C. 
Plate 

Resistance 
Ohms 

15500 
15000 

15500 
15000 

5600 
5300 

Mutual 
Conduct-
ance Mi-
cromhos 

425 
440 

425 
440 

1500 
1600 

15500 

2.5 

Following UX-200-A Characteristics Apply 
Only for Detector Connection  

90 
135 

135 
135 

180t 

4.5 
9.0 ,IMM••• 

1.5 
1.5 

1.5 

180 
180 

1.5 
3.0 

2501 

90 
135 
180 

90 
135 
180 

1.0 

5.0 
8.0 
12.5 

6.0 
9.0 
13.5 

90 

135 

135t 
180t 

4.5 

3.0 

1.5 
3.0 

11•••• 

1.5 
3.0 

1.0 

6.0 
9.0 
13.5 

6.0 
9.0 
13.5 

••••Y• 

tApplied through plate coupling resistor of 230000 ohms. 

POWER AMPLIFIERS 

2.5 
3.0 

1.5 
3.3 

YMY. 

•••••••• 

15500 

30000 

11000 
10000 

45 
67.5 

0.3 

4.0 
4.0 

0.5 

22.5 

75 
90 

25 

3.8 
6.3 
7.4 

•••my 

•••••••• 

2.7 
4.5 
5.0 

2.0 

1.5 

•ymal. 

••••••••• 

67.5 

0.2 
0.2 

IM•••Y 

850000 
600000 

2000000 

400000 
400000 

2000000 

8600 
7200 
7000 

11000 
9000 
9000 

425 

425 

Voltage 
Amplifi-
cation 
Factor 

6.6 
6.6 

6.6 
6.6 

8.5 
8.5 

6.6 

6.6 

666 

725 
800 

350 
480 

175 

1050 
1000 

500 

955 
1135 
1170 

820 
1000 
1000 

12500 

800000 

150000 
150000 

700 

550 

200 
200 

20 

8.0 
8.0 

300 
290 

350 

420 
400 

1000 

8.2 
8.2 
8.2 

9.0 
9.0 
9.0 

8.8 

440 

30 
30 

jApplied through plate coupling resistor of 200000 ohms. 

Ohms 
Load for 
Maximum 
Undis-
torted 
Output 

15500 
18000 

15500 
18000 

5600 
8700 

15500 

15500 

11000 
20000 

9800 
8800 
10500 

14000 
13000 
18700 

Maxi-
mum Un-
distorted 
Output 
Milli-
watts 

7 
35 

7 
35 

30 
120 

7 

7 

15 
55 

riamM•II• 

30 
80 
180 

30 
80 
165 

•••• 

UX 44-r 1f-a " D. C. or A. C. 5.0 0.25 
_ 135 

180 
9.0 
13.5 

11.5 
15.0 

6.2 
7.6  

-- 
-- 

5300 
5000 

1600 
1700 

8,5 
8.5 

8700 
10800 

120 
260 

UX -I I 2-A A rpl'iefi„r 

- 6300 525 3.3 6500 110 
1y16" D.C. 3.3 0.132 135 22.5 __ 6.5 

UX- I 20  Power  Amplifier 
Small 4k" 

__ 

-- 
__ 

2250 
1960 
1810 

1330 
1520 
1620 

3.0 
3.0 
3.0 

3200 
3500 
5350 

125 
370 
700 4111" 11-1' A. C. or D. C. 5.0 0.25 . _ 

90 
135 
180  

250 
350 
425  

135 

16.5 
27.0 
40.5 

19.0 
29.5 
43.0  

 __  

-- 
__ 

12.0 
17.5 
20.0 U X- 17I-A 

Power 
Am plifier UX 

10.0 
16.0 
18.0 

__ 

-- 
-- 

6000 
5150 
5000 

1330 
1550 
1600 

8.0 
8.0 
8.0 

13000 
11000 
10000 

400 
900 
1600 2-ie.6" A. C. or D. C: 7.5 1.25 •••••••.• 

18.0 
27.0 
3S.0  

22.0 
31.0 
39.0  UX-210 

Pcmmi- 
Amplifier UX 51' 

22.5 8.0 -- 4000 875 3.5 
lie' D. C. 2.0 0.130 _ 

RCA-23 I A PrropulliZer Smaall 
X 41ff  

--170 

34.5 
50.0 

25.0 
34.0 

__ 
__ 

1900 
17ÇO 

180 
2000 

3.5 
3.5 

3500 
3900 

780 
1600  51' 2-ele" A. C. or D. C. 2.5  1.5 

_ 180 
20  

33.0 
48.% UX-245 Aprnjo iefire 2. UX 

_ 
230 
350 
400 
450 

41.0 
59.0 
66.0 
80.0  

45.0 
63.0 
70.0 
84.0 

28.0 
45.0 
55.0 
55.0 

__ 

-- 
-- 
__ 

2100 
1900 
1800 
1800 

1800 
2000 
2100 
2100  

3.8 
3.8 
3.8 
3.8 

4300 
4100 
3670 
4350  

1000 
2100 
3400 
4600 UX-250 Amplifier UX 6r 24-1' A. C. or D. C. 7.5 1.25 _ 

RECTIFIERS 
b 

ru"-Wave Rectifier UX 51 if 2 126Y 

, 

A. C. 5.0 2.0 
.1 A 
y) 
' 

A. C. Voltage per Plate (Volts RMS)........-..-...- .   
D. C. Output Current (Maximum MA.).« .... . ..- 

UX-280 A. C. Voltage per Plate (Maximum Volts RMS.)  
D. C. Output Current (Maximum MA.) 

A. C. Plate Voltage (Maximum Volts RMS )._....-----. UX-281 "a"-Wave Rec tifier UX 61' 4 2-i-e" A. C. 7.5 1.25 D. C. Output Current (Maximum MA.) -...   

SPECIAL PURPOSE 

...125 
_400 
.110 

For D. C. Output Voltage 
delivered to filter of typical 
rectifier circuits, refer to Tech-
nical Bulletin. 

_700 
85 

Fc‘c D. C. Output Voltage 
delivt;ed to filter of typical 
rectifier circuits, refer to Tech-
nical 

UX-874 

•IIM• 

UV-.876 

UV-886 

Voltage 
:2egulator 

Current 
Regulator 
(Ballast 
Tube)  

Current 
:Regulator 
(Ballast 
Tube) 

Type 

UX 

Mogul 

Mogul 

51" 2114." 

8' 

8" 

Designed to keep output voltage of 8-Eliminators constant when 
different values of "B" current are supplied. 

Starting ...... 
Operating Current 

90 Volts D. C. 
125 Volts D. C. 

10-50 Milliamperes 

.)esigned . to insure constant input to power operated radio 
receivers despite fluctuations in line voltage. 

Operating 411.11.... • • a. O.. • • •••••••••••• • • ******* 
'Voltage Range• •••••••••••••0••••••••• • • 0.11.•••••• .... yeb• •••••••••• • • • y y  

1.7 Amperes 
40-60 Volts 

Designed to insure constant input to power operated radio 
receivers despite fluctuations in line voltage. 

Operating 
Voltage Range._ 

.4,4•••• ore • • • e. 2.05 Amperes 
40-60 Volts 

FOR AMATEUR AND EXPERIMENTAL TRANSMITTING USE 

UX-852 

UX-865 

UX-866 

Use Base 

Oscillator or 
R. F. Amplifier UX 

Oscillator or 
R. F. Amplifier UX 

Half-Wave 
Rectifier UX 

Maximum Overall 
Dimensic•ns 

Height Width 

61 , 

Filament 
Terminal 
Volts 

10.0 

2à" 7.5 

2.5 

Filament 
Current 
Amperes 

3.25 

2.0 

5.0 

Voltage 
Amp. 
Factor 

12 

150 

Normal 
Plate 
Volts 

2000 

500 

Approx. 
Grid 
Bias 
Volts 

Approx. 
Screen 
Volts 

250 

75 125 

Maximum 
Plate 

Current 
Amperes 

0.10 

0.06 

Maximum 
Plate 

Dissipation 
Watts 

100 

15 

Normal 
Power 
Output 
Watts 

75 

7.5 

Maximum Peak Inverse Voltage._   5000 Volts 
Maximum Peak Plate Current. ** 0.6 Ampere 
Approximate Tube Vbltage Drop  15 Volts 
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luennng TUBE CHARLCTIBISTIC3 

The characteristic curves of a vacuum tube show the relation between 
the plate current and the filament voltage and plate current and the 
applied grid voltages. The fundamentals may be explained by their 
use which enables the operator to adjust the tube for certain required 
functioning. 
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Figure 1 

Figure 1 shows three curves, A, B, and C. Curve A represents the 
changing plate current for each change in voltage applied to the 
grid of the tube when the plate voltage is maintained constant at 
twenty volts and the filament voltage is kept at a constant value. 
Follow curve A to the left; at its lower point you will find that 
the plate current reaches zero. This happens because the grid is 
given a negative potential as shown by the grid voltage which is 
marked along the X axis. When tlie grid is strongly negative the 
electrons from the filament are prevented from passing to the plate 
and, in consequence of this fact, no plate current flow results. 
The grid, being negative, stops the electron flow to the plate. When, 
however, the potential applied to the grid becomes less negative more 
electrons are allowed to pass to the plate. When the grid becomes 
positive and is increased in positive value the plate current will 
correspondingly increase. This increasing value of plate current 
is shown by the straight portion of curve A between points D and E. 
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If the grid voltage is continuously increased in positive value 
there will be a point reached where the plate current will cease 
to increase. This is termed the point of saturation. By the term, 
"point of saturation", we mean that, provided the filament voltage 
and plate voltage are kept at a constant value, any further increase 
in positive potential value on the grid will not increase the plate 
current flow. This is indicated by the flattening of the curve at 
point S and is called the point of saturation. When the positive 
potential of the grid is further increased the current flowing in 
the circuit may start to decrease. This is caused by the fact that 
the grid has become so highly positive that it robs the plate of 
electrons which otherwise would have passed to the plate. 

GRW CURREUT 

When the grid is made positive it is obvious from the law, "unlike 
charges attract", that the grid will attract the electrons to itself 
from the filament just as a positively charged plate will attract 
electrons. Since a movement or flow of electrons constitutes a flow 
of current it is evident that, with the grid positive, there will be 
a flow of electrons or current in the grid and through any circuit 

connected to the grid. 

A large grid current flow is not desirable in the radio circuit and 
means are taken to keep it down to a minimum value which will be ex-
plained later. The only function intended of the grid is to control 
the current flow in the plate circuit. When current flows in the 
grid it must be subtracted from the current that would normally flow 
in the plate circuit. since both the grid and plate current originate 
from the electrons emitted by the filament. It is seen, thenI thet a 
positive grid tends to rob the plate of electrons and sets up a current 
in the grid circuit performing no useful work and reduces the plate 
current flow. A small grid current is put to useful purpose, as ex-
plained in detector action. Grid current is practically prevented 
by maintaining the grid negative through the use of what is termed 
a grid biasing battery, commonly called the "C" battery, and placing 
it in the grid circuit with its negative pole connected to the grid. 

Curves "B" and "C" of Figure 1 differ only from curve "A" in that 
curve "B" indicates 40 volts used on the plate while in curve "C" 

eighty volte was applied. 

In all three curves the same filament voltage was maintained, the 
general form of all the curves being practically the same. 

THE VACUUM TUBE AMPLIFIER 

Before taking up the action of the -vacuum tube employed as R detector 
we will consider it as an amplifier for the reason that its fundamental 
actions are more easily understood. We will, for this purpose, use a 
vacuum tube circuit with supplementary curves to describe the action 

as we proceed. 

Figure 2 represents a circuit which we will use to describe the 
principle of the tube as an amplifier. It was explained that when 
a positive voltage is placed on the grid the resulting flow of plate 
current will also assume a certain increased value. When, however, 
the grid voltage is changed the plate current will also make a corre-
sponding change, the exact amount depending upon the characteristics 
of the tube. The tube acting as an amplifier should operate on thn 
straight portion of the characteristic curve or the part of curve A, 
of Figure 1, between D and E. 
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Now let us return to Figure 2. When an incoming Radio wave is impressed 
on coil Li through induction by coil L the wave will alternate and the 
oscillations composing this wave will be regular oscillations, that is, 
each oscillation will alternately vary from a positive to a negative 
value. When the wave is made up of continuous oscillations the posi-
tive value may be considered practically equal to the negative value. 
In the damped wave, however, each half oscillation will be somewhat 
less than the preceding half oscillation. We will consider the wave 
to be a continuous one. When it is impressed upon coil Li it will 
introduce in the grid circuit of the tube an alternating voltage. This 
will cause the grid to become positive one instant and negative the 
following instant. When positive, an increased plate current flows 
and, when negative, the plate current will decrease. This action is 
shown by the curve Figure 3. 

By carefully studying this curve it will be seen that, because the 
grid voltage varies equally, the increases of current In the plate 
circuit are followed by decreases of equal magnitude. 

In Figure 3 the zero voltage line is shown intersecting the charac-
teristic curve at its mid-point A. When an alternating voltage 
BCGFK, and so on to Z, which is representing the incoming wave, 
is impressed on the grid, the tube will operate over that portion 

Figure' 2 
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of the characteristic curve between the points D and E. This, you 
will observe, is on the straight portion of the curve, and the distance 
DA will be equal to AE. 

B C G, which is the positive half of the incoming signal wave will 
therefore produce a plate current variation shown by the letters 
H I 4 while the negative half of the signal wave G F K will produce 
a plate current variatIon J M N which will be equal, but opposite to 
H I J. These variations of plate current produce a plate current of 
a pulsating nature as shown between points H and Pe the form of which 
will be exactly similar to the form of the incoming signal wave, 
BCGFK. The amplitude, however, will be different in that the 
variations of plate current will have a much greater amplitude than 
that of the incoming signal which was impressed on the grid. 

The fundamental idea or amplification la that, for a given variation in 
grid voltage, there will be a greater variation, in the plate current, 
than would take place if the plate voltage were varied by the same 
amount as the grid voltage. The plate variations, although greater in 
amplitude than the grid variations, will be exactly similar in form. 

V13#2 



5 

For a given grid voltage the plate current has a given strength while 
operating on the straight portion of the curve. If the characteristic 
of the tube, however, is such that the curve will have a steep slope 
at the operating point, as shown by the curve of Figure 4, then the 
variation of the plate current would be quite large for a given vari-

ation of the grid voltage. 

The magnitude of amplification will depend in part upon the charac-
teristics of the particular tube to be used and also upon the voltage 
charge applied to the grid. The applied grid voltage can be controlled 
by the operator of the receiver, but the amplifying factor of the túbe, 
that is, the amplification constant is entirely dependent upon the de-
sign of the tube itself. 

graM4M1...M.M.M.M1041111,ffle». 

Figure 4 

da» ••••• S AIM 

CONIIMUOUS WAVE TRAIN VARYING GRID VOLTAGE 
numb il ANIE101% CIRCUIT 

A 

PRODUCER BY INCOMING WAVE 

Figure 5 

PL ATE CURRENT 
VARI AT IONS 

The amplification constant, or Mu, of a vacuum tube is defined mathemat-

ically as: 

where 

dI x dB 

MU 
dI x dEg 

MU=Amplification constant, or the ratio of the effeotiveness of 
the grid voltage in Causing plate current changes as corns 
pared to the effectiveness of the plate voltage. 

dl =Change in plate current. 

dEeChange in plate voltage that will produce a given plate 
current change. 

dE =Change in grid voltage that will produce the same plate 
current change, which is read - MU equals the difference 
in plate current, times the plate voltage change which 
produced it; divided by the difference in plate current, 
times the grid voltage change which caused it. 
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This constant, or characteristic of a vacuum tube can readily be deter-
mined by the simple circuit arrangement shown in Figure 6A. 
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It is operated in the following manner: The grid and plate voltage 
potentiometers are set so that the grid und plate voltage readings are 
those voltages which we wish to know the amplification constant of the 
tube. The readings of the plate milliammeter and the grid and plate 
volt meters are noted and listed as: 

Ip 

Normal value . 036 fEjïip 
Changed .004 68+ 
Difference 

The negative grid voltage is increased to produce smell arbitrary ohange 
in plate current, let us say, from 6 to 4 milliamperes. Thie Is done by 
moving the grid potentiometer to the left. When the plate current is 4 
milliamperes the reading on the grid volt meter is listed under the 
original Ene reading and the difference noted. The grid potentiometer is 
now returad to its origile position. Next the plate potentiometer la 
moved to the left ( decreedIng the plate potential) until the plate our«. 
rent again is deoreased by 2 milliamperes. The reading on the plate volt 
meter is now noted and subtracted from the original velue. 

• 

We now have dID • . 002 
r. 12 

clEg 2 

Substituting these values in the formulae 

dI xdE, 
m  P  

Mum dI xaE 
g 

002x12 12 6 

Amplification factor, or mu=6 

In reference to the varying plate current it is desirable to make 
clear at this time that, although the plate current varies constantly 
and regularly, it cannot be called an alternating current because it 
does not have negative values. It has only successively large and 
small positive values. 

Suppose we use the tube as an amplifier with a plate potential of 
twenty volts. Inspection of curve A of Figure 1 will bring out the 
fact that, with the grid normally at zero potential, the plate 
current variation will not be as large as in the previous case of 
Figure 3 due to the smaller slope of the curve at point De It must 
be remembered that, for best results in amplification, we must work 
on the steep part of the curve. 

The variations of current through the different circuits can now be 
shown by the graphs A, B, and C'in Figure 5. 

Graph A represents a continuous wave train being received in the 
antenna circuit. This induces a voltage in the grid circuit Li of 
Figure 2. The varying voltage applied to the grid is shown by graph 
B. This varying grid voltage will cause the plate current to vary 
as represented in graph C. 

In graph C special note should be taken of the variation of the plate 
current for it shows the current starting at some fixed positive value 
and varying from greater to lesser positive values. This varying plate 
current, on passing through the primary winding 12 of the transformer 
in Figure 2, induces in the secondary L3 an alternating E.M.F. which 
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la impressed between the grid and the filament of the second tube. 

The plate current through L2 or the first tube is greater than the grid 
voltage induced in Li of the same tube. By using the transformer to 
transfer energy from L2 to L3 the voltage impressed on the second tube 
will then be much greater than that on the first tube. The character 
of the variations, however, will remain the same as those of the first 

tube. 

THE TUBE DETECTOR  

The purpose of the vacuum tube as a detector is to rectify the radio 
frequency currents collected by the receiving aerial. 

The vacuum tube may be used in two ways to obtain rectification ( de-
tection). One of these methods is to connect the tube in the circuit, 
and adjust the grid, plate, and filament voltages to the extent that 
the normal operation will occur at the bend of the characteristic curve 
of the tube, and it is thus utilized to obtain detection. This is 
called the plate current method of rectification. 

The other method in which the tube may be used as a detector is to in-
elude in the grid circuit of the detector a grid leak and grid condenser. 
When used in this way detection is obtained by grid current rectification. 

When using the method first stated the tube rectifies because the in-
creases and decreases of plate current are made unequal when changes 
in the grid voltage are applied when operating at the bend of the 
characteristic curve. 

4 
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In Figure 6Bwe have a grid voltage plate current curve which is simi-
lar to the curves shown in Figure 1. This curve has been explained 
and it shows the change in plate current for a given change in grid 
voltage. 

We will now assume that the grid is biased at two volts negntive. 
The normal plate current is indicated by the horizontal line P.C. 
which we have arbitrarily assumed to represent .2 milliamperes. A 
continuous radio wave is now impingod upon the antenna, setting up 
therein an alternating E.M.F. which in turn causes an alternating 
E.M.F. to be impressed upon the grid of the tube through suitable 
coupling devices. This incoming signal wave is clearly shrNwn in 
Figure 6 along the grid voltage line. 
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The incoming signal wave will have a certain voltage which is alter-
mating first positive and then negative and it will add to or subtract 
from the voltage already on the grid. When no signal wave la being re-
ceived the grid voltage is normally 2 volts negative shown by the grid 
voltage line which intersects the characteristic curve at "Xl". At 
this point of intersection a horizontal line, P.C., is drawn parallel 
to the "X" axis indicating the normal plate current flow with the grid 
at 2 volts negative. The incoming signal wave is now impressed upon 
the grid and, as shown, is of equal amplitude on both sides of the grid 
voltage line. The maximum amplitude of this wave is shown to the left 
of the grid voltage line of negative two volts and it will decrease the 
negative charge already on the grid to 4 volts negative. Following the 
dotted line from the maximum point of the amplitude it will intersect 
the curve at "I)", and the horizontal dotted line drawn parallel to the 
X axis shows the value of the plate current flowing when the grid is 
at 4 volts negative potential. The grid voltage was made more negative, 
as just stated, by the negative voltage of the incoming wave being added 
to the negative charge already on the grid. 

The negative amplitude or the wave now begins to decrease and, on 
reaching the grid voltage line, the grid will be restored to its 
normal condition, having a charge of 2 volts negative. This will 

GRID PLATE 6R10 PLATE 

Figure 7 Figure 8 

cause the plate current to increase as represented by the curve 
between points D to the normal operating point of the curve nx1". 
The wave now increases in amplitude from C to 1; this half of the 
wave, being positive, it offsets the 2 volts negative charge reducm 
ing it to zero with a resulting plate current increase represented 
by "E" on the characteristic curve. The form of the plate current 
curve will follow exactly the form of the incoming signal waves, 
which is shown byFGHJKetc. The plate current impulses, as 
shown by letters J L N, increase to a greater value above the normal 
plate current line PC than they decrease in value below this line, 
as shown by G K M, even though the amplitude or voltage changes of 
the incoming signal wave is equal on either side of the grid voltage 
line, Because the changes of the grid voltage produce this result, 
this method of rectification is given the name "plate current recti-
fication". Rectification results when the operating point of the 
curve occurs near the lower bend or knee of the characteristic curve. 

If the grid voltage line was made to intersect the characteristic 
curve higher up where the curve is nearly a straight line the in-
creases and decreases of plate current above and below the normal 
plate current line would be nearly equal and amplification instead 
of rectification would be obtained. 

DIASING PTHODS 

Biasing the grid may be accomplished by employing a potentiometer 
connected across the filament lighting battery as shown in Figure 
7. The center, or movable arm of the potentiometer, is connected 
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to the grid return and the ends of the potentiometer winding is 
connected to the positive and negative sides of the filament battery. 

When the potentiometer arm is moved to the left it will place a 
positive bias on the grid and moving it to the rightinakes the grid 
negative. With this system a close adjustment can be secured which 
affords an opportunity for the operator to shift the operating point. 
at will until the best point of detection is found. 
Another method of placing a bias on the grid is to use a biasing 
battery, called the "C" battery. The detector circuit in Figure 8 
shows how the "C" battery is connected to bias the grid. This withod 
does not allow as fine an adjustment es the potentiometer because the 
operator can only vary the grid voltage by the number of taps brought 
out on the "C" battery and, in general, the taps are in one and one 

half volt steps. 

Although the biasing methods just described may be used, they have 
been replaced in practically all radio broadcast receivers by con-
necting the grid return directly to either the positive or negative 
side of the filament, depending upon the type of tube used, that is, 
whether a highly evacuated or hard tube, or a gas fined or soft tube. 

 .âeepettO LEAK ..GRO CONDENSER. 
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Figure 9 
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It is desirable when a hard tube is used as a detector to connect the 
grid return directly to the positive side of the filament. When using 
a soft tube such as the old UV-200 as a detector or the new UX-200-A, 
it is then considered best to connect the grid return directly to the 
negative side of the filament. The grid is maintained positive when 
connected to the positive side of the filament circuit and negative 
when connected to the negative side of the filament. 

GRID CURRENT RECTIFICATION 

When a grid condenser and grid leek are connected in the circuit of a 
vacuum tube detector, as shown in Figures 9 and 10, grid current recti-
fication takes place. The only change in this circuit from the de-
tector circuit utilizing the plate current rectification method is the 
omission of the grid, or "C" battery, and the insertion of a grid con-
denser in the grid lead. When no signal wave is being received the 
plate potentiel supplied by the "B" battery will be of a constant value 
with a steady current flow in the plate circuit. Practically no current 
will flow in the grid circuit because the grid is insulated from the 
filament by the small grid condenser. 

Now assuming that the condenser insulates the circuit perfectly then, 
with thin condition, the potentinl of the grid ( only when first set in 
operation) will be that corresponding to a zero current in the grid 
circuit. 
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We will now assume that the antenna is energized by a damped wave. 
The wave will be picked up by the antenna and will pass through the 
inductance coil LI and condenser CI to ground and induce an E.M.F. 
In L, ex circuit as shown in Figure 10. Current will now flow through 
the grid condenser to the grid placing thereon an alternating positive 
and negative charge. 

Refer to Piere 11A showing simply that part of Figure 10 which 
includes condenser C.L. , the grid condenser, and the tube elements. 
During the positive half cycle of the incoming oscillations, shown 
in Figure 11B, the grid becomes positive and the conductivity of 
the tube is increased, that is, electrons are assisted to the plate 
by the positive grid and more current flows in the plate circuit. 
The grid naturally will retain some of these electrons. The negas-
tive half cycle of the incoming wave passes through the same circuits 
making the grid negative this time as shown in Figure 12. Since the 
grid is negative it repels a great many of the electrons emitted by 
the filament and the tube becomes less conductive, and current flow 
in the plate circuit is reduced. 

During the negative half cycles the grid does not lose the electrons 
it accumulated during the positive half cycles and, therefore, at 
every cycle the negative charge is built up gradually on the grid. 
Such a condition is suggested in Figure 13, the effect of which is 
to decrease the plate current flow. Each half oscillation causes 
the negative charges to add to the previous ones making the grid 
more and more negative and the plate current will therefore continue 
to decrease. 

GRID ,4 
CONDENSER. 

Figure 11A 

INCOMING OSCILLATIONS 

GRID 
CONDENSER. 

Figure 11B Figure 12 

iNECIATIVE 

Figure 13 

It is undesirable to have the grid circuit permanently retain the 
negative charge it has accumulated during the successive cycles of 
the first incoming wave train shown by curve A, Figure 14. After 
the damped oscillations have died out, some means must be provided 
for the accumulated charge to move away from the grid and thus re-
store the grid to its original condition of zero grid voltage before 
the next wave train arrives. 

In the earlier types of tubes considerable gas was present in the 
tube due to the fact that a high evacuation of the tube could not 
be successfully accomplished. This gas formed a high resistance 
path over which the accumulated grid charge could pass to the Ma-
ment, thus automatically restoring the grid to its condition of zero 
grid voltage before the incoming wave train was impressed upon it. 

With modern vacuum pumps the tubes are more highly exhausted and it 
becomes necessary to provide a circuit which will allow the grid 
accumulation to escape. This is accomplished by placing a high re-
sistance in parallel with the grid condenser. This high resistance 
is called a grid leak. Figure 10 shows how it is connected around 
the grid condenser. 

Let us review the foregoing statements now in order to better under-
stand the part the grid leak plays. 

CHARGE 
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In Figure 13 the incoming wave train, acting 
&alternately positive and negative on the grid 
of the tube, has caused a large accumulation 
of negative charges on the grid which con-
tinues all through the series of oscillations 
comprising one wave train of the signal. 
Electrons cannot escape to the filament through 
the vacuum for we are considering our tube to be 
highly exhausted, or a hard tube, with little or 
no gas present. Electrons cannot flow through 
the grid condenser back to the filament because 

c a condenser will not pass direct current, and the 
electrons are potentially direct current. They 
can, however, leak away and return to the filament 
through the high resistance grid leak we have 
placed in parallel with the grid condenser. The 
resistance of this leak varies from a million to 

o five million ohms and higher values and offers 
considerable opposition to the movemént of the 
accumulated grid charge. Because of this high 
resistance all during the increasing voltages 
of one wave train of the incoming signal the 
grid becomes more and more negative. The negam 

E tive charge accumulates faster than the high 
resistance grid leak will allow it to pass off 
to filament. 

Figure 14 

The value of the grid leak in ohms depends upon the size of the charge 
accumulating on the grid, the characteristics of the circuit, and the 
tube used as a detector. It should be sufficiently great to prevent 
the grid condenser from totally discharging before the incoming oscil-
lations of any one group of signals have been completed, and sufficient-
ly small to allow the completed charge to leak off between the groups 
of oscillations. 

When the value of the leak is too small the grid condenser will not 
charge fully thus decreasing the efficiency of the tube and, if too 
large in value, it will amount to the same as no grid leak at all. For 
example, in a circuit having no leak and receiving a large charge the 
charge may jump to the filament through surface leakage across the grid 
condenscr, or it may take place across the insulation of the tube socket. 
This will produce a PUTT PUTT PUTT sound in the telephones, éccuring 
periodically as each charge accumulates and discharges. Thie may happen, 
as stated above, if the grid leak resistance is too high or if no grid 

leak is used. 

The grid leak may be connected in either of two ways as shown in 
Figure 10 and Figure 15. A study of these two circuits will show 
that, by either connection, the results obtained will be somewhat 
similar, in that a path is provided for electrons to flaw to the 
filament. 

In Figure 10, the charge flows through L.1. to the filament, while in 
Figure 15 it flows directly to the filament without pftssin8 through 
inductance 4. This method of rectification ( grid current) is a much 
better one to use than plate current rectification since rectification 
(detection) can be obtained at any point of the characteristic curve 
of the tube, and is the method used at the present time in practically 
all broadcast receiving circuits. 
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Figure 14 illustrates the variations in the circuits just described. 
Curve A, as stated Is a representation of the incoming groups of °sail-
lations. Curve B represents the grid circuit current. C indicates the 
grid voltage, D the plate current variations, and F. the average current 
through the telephone receivers. Curve C 
is of particular interest in this series 
of curves because it shows the grid voltage MUD Comoendut 

oscillating at radio frequency, becoming 
more and more negative until the groups 
of oscillations cease and the grid charge 
leaks off to filament through the grid 

LEAK 

leak. The grid then assumes its normal 
( iej5  voltage and a new group of oscillations 

is impressed on the circuit. Curve D 
shows the radio frequency oscillations in  COUP .1 

the plate circuit current. They oscillate 
at radio frequencies and follow the grid 
voltage variations, but the average plate ae. 
current makes only one large variation Figure 15 
for each group of oscillations impressed 
on the grid. The telephones do not respond, as you know, to radio 
frequencies, but will respond to the average plate current variations. 
This average variation which affects the phones is shown at E, there 
being one large variation for each group of incoming oscillations. 

EXAMINATION QUESTIONS 

1. What is the characteristic curve of the vacuum tube intended to 
show? 

2. What is meant by the " saturation point"? 
3. Is it desirable to have a large grid current flow? 
4. How is the grid current flow prevented? 
5. What is the fundamental idea of amplification in the vacuum tube? 
6. What is the purpose of the vacuum tube as a detector? 
7. State two ways of placing a bias on the grid of a vacuum tube. 
8. What difference exists between the detector circuit employing grid 

current rectification and the detector circuit employing plate 
current rectification? 

9. How is the grid condenser connected in the circuit? 
10. Show by diagram two ways of placing a grid leak and condenser in 

the detector circuit-
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VACUUM TUBE THEORY 

We now come to the study of the Vacuum Tube, a device which is the 
very heart of the radio receiver. The student will, at this point, 
have to give his undivided attention to that which follows and proceed 
with an open mind and active imagination. In order to understand 
the action of the vacuum tube we should review the action of the 
electron in a vacuum. To imagine an electron is one thing, but to 
follow the actions of electrons is quite another. The study of the 
electron theory as applied to the vacuum tube is comparatively easy 
if the student will concentrate, otherwise it is a difficult study 
and only results in a state of confusion. It is intensely interest-
ing and, when understood, gives a clear idea of the relation between 
radio circuits and vacuum tubes. 

The vacuum tube is not confined to radio alone; it is used in any 
number of other scientific fields, especially those in which high 
frequency rays are involved. 

Let us consider for the time being that in the vacuum tube we have 
a device which will not only rectify an alternating current but will 
also reproduce, in amplified form, t} most feeble variations of E.M.F. 
applied to it regard]ess of the frequency. 

The tube may be employed as a rectifier of alternating currents of 
any frequency. The term rectifier is sometimes used to indicate the 
detector action. 

It is termed a radio frequency amplifier when it is used to amplify 
the high frequency currents induced in the antenna by the incoming 
signal wave. 

Further, the tube is used to amplify the output currents of the de-
tector Rnd when so used it is known as an audio frequency amplifier. 

When used as a generator of high frequency undamped oscillations in 
an oscillatory circuit it is called an oscillator. 

Before these various functions can be explained it is necessary to 
have a knowledge of the characteristics of the vacuum tube and to 
what extent these characteristics can be controlled. Until recent 
years no satisfactory explanation was offered concerning many phases 
of electrical phenomena known to science. As the application of elecm. 
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tricity developed, however, thove was a groat amount of data secured 
which enabled scientists to formulate some of the laws governing the 
flow of electricity. For extimple, the relation between electromotive 
force, current, and resistance was explained by Dr. Ohm Rnd put into 
the form of a law, the law being known universally as Ohm's Law. 

Discoveries were also made regarding the generation of electrical 
pressure by chemical action between certain liquids and metals. This 
led to the development of the battery, and then came the evolution 
of the dynamo. No satisfactory explanation was offered at the time 
concerning the electrical phenomena of these discoveries yet they were 
of great practical value in determining from the results obtained, 
experimentally, many of the present laws of electricity. It also 
became necessary to settle upon certain arbitrary standard units by 
which electrical force and energy could be measured and computed, 
these being known as Universal Electrical Units which were explained 
in a previous lesson. 

It was also found necessary to assume a certain direction in which 
electricity flowed through a conductor. Scientists decided to call 
the copper or carbon plate of a primary cell the positive terminal, 
and the zinc plate the negative terminal, and considered that eleom 
tricity flowed in an external circuit from the positive electrode 
to the negative electrode. It must be understood that this direction 
given to the current flow was entirely an arbitrary one and was agreed 
upon only as a matter of convenience in understanding certain phenomena. 

For many years the atom was regarded as the smallest unit into which 
matter could be divided and still retain its chemical and physical 
properties and the phenomenon was then explained by the atomic theory. 
In recent years many scientists have accepted the general belief that 
the atom is itself subdivided into many thousands of particles termed 
electrons and that these electrons carry with them a charge of elec-
tricity. It has been found that under certain conditions these electrons 
or particles of negative electricity can be made to move. Their movement 
is from a negative to a positive electrode and when in motion they consti-
tute a current flow. This new theory is known as the "Electron theory of 
matter". 

THERMIONIC CURRENTS  

Thermonic current is the name given to electricity which Is the result 
of electrons thrown off or emitted from hot bodies. A discovery made 
'by Thomas A. Edison in 1884, known as "The Edison Effect", gave rise 
to an investigation of thermionic currents which leads up to the vacuum 
tube of today. Edison, in his work with the electric lamp, found that 
after a lamp had been in use some time a dark coating formed on the in-
side of the lamp, becoming in some instances nearly black with long 
continual use. He became interested in this effect and further research 
brought out the fact that when a metal plate was placed inside the lamp 
and connected to one side of a sensitive galvanometer and the other 
terminal of the galvanometer then connected to the positive terminal 
of the battery supplying current to the filament of the lamp, the 
galvanometer would show a deflection when the filament of the lamp 
was heated. 

The effect at the time seemed to indicate that an electric current 
flowed from the positive side of the filament through the galvanometer 
to the plate inside the lamp, through the vacuum of the lamp, returning 
to the filament. Edison also discovered that, when the galvanometer 
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terminal was removed from the positive side of the filament arid connected 
to the negative side, practically no deflection of the galvanometer 
followed. After the discovery of this phenomenon experiments were 
carried out by several scientists. J. A Fleming, after considereble 
experimenting and research on the Edison effect, came to the conclu2ion 
that NEGATIVE electricity passed from the filament of the lamp to the 
plate when the plate was relatively cold with respect to the filament 
and the plate was charged to a positive potential. 

Conclusions of the experiments of J.J. Thompson led to the belief thnt 
what is now called the electron existed and that negative electricity 
consisted of masses of these electrons which were forced away from the 
filament of an electric lamp when the filament was brought to incan-
descence. In other words the filament itself consisted of these 
infinitely small particles called electrons. It has now been generally 
accepted that it is by means of the electron that electricity is carried 
through a conductor or through a vacuum. 

There are always large numbers of electrons ln an atom and normally 
this quantity amounts to a given number just sufficient to neutralize 
the effect of the positive nucleus. Generally but one electron can be 
detached from an atom even though it may have a great many associate 
electrons. Under normal conditions the atom possesses no electrical 
charge because a perfect state of neutralization exists between the 
positive charge and the electrons. When, however, one of the free 
electrons is forced away by some cause or other this perfect balance 
is destroyed and the atom predominates in positive charge because it 
is now deficient in its complement of electrons. 

ELECTRON EMISSION 

The emission of electrons is dependent upon the temperature of the 
filament, the size ( area) of the filament, the nature of the substance 
employed as the filament, and the medium in which the filament is 
heated. The number of electrons emitted will be proportional to the 
area of the filament. For example, if you have two filament lengths, 
one twice as long as the other, by heating one filament to a given 
temperature a certain electron emission occurs. With the same heat 
applied to the filament of twice the length, double the emission 
occurs. This happens however only when the same heat is applied to 
both filaments. 

The temperature of the filament is very important in that, with each 
increase of filament heat, there will be an increase in electron emission. 
This increase in electron emission increases as the temperature 
increases until the maximum emission tnkeR place which in just 
below the melting point of the filament. Henting the filament 
to excessive tompernture is of no advantage as you will later 
learn. 

The composition of the filament, that is, the material employed 
in its manufacture, will have a bearing upon the electron emission. 
Some metals, when heated, do not emit as many electrons as others. 
Carbon, for example will emit a certain quantity of electrons but 
not nearly in as large quantities as tungsten. Tungsten is materian 
ally helped in electronic emission when another metal called thorium 
is combined with it. It is the Thortated Tungsten filament thnt in 
used in many types of tubes beenume nt low temperatures it ho' a vflry 
high rette of electron emission. 
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There in still another factor which has a great influence on electron 
emission and that is the medium in which the emission occurs. In the 
first place it must be in a vacuum, or at least 0 pmrtial one. It Is 
quito impossible to obtain a complete vacuum and small tracen of gas 
left in the tube will decrease the electron emission. Most of the 
gases in the tube, with few exceptions,* are inert gases. The presence 
of gas in the vacuum presents a resistance to the emission of electrons 
unless ionization takes place. ( This particular subject will be taken 
up later in more detail). 

The most important factor in the rate of emission is the temperature 
of the filament for, upon the rate of emission alone in a certain tut»), 
will depend the number of electrons emitted. It must be understood at 
this point that the term "Emission" refers only to the emerging of the 
electrons from the filament and not to the passage of the electron 
through the vacuum. 

Suppose now we attempt to visualize that which takes place in the 
filament when it is heated. As heat is applied the whole atomic 
structure is set into a violent agitation and the free electrons 
about the atoms of the filament are set into rapid vibration. 
With each increase of heat this vibration increases and the 
electrons finally gain a velocity in their movements great enough 
to carry them beyond the positive force of the atom which normally 
holds them within the filament. As this velocity is attained they 
emerge from the filament in clouds much as does steam from a pan 
of boiling water. This happens only after they have acquired a speed 
which is able to project them beyond the influence of the atom to 
which they belong.» 

Once beyond the attractive force of the parent atom they are subject 
to collisions which are continually occuring as they move about in the 
filament. Their velocity, on leaving the filament, varies according 
tó the retarding effect these collisions have had upon the electron 
in its attempt to escape. Once outside the filament they again have 
difficulty due to the gas molecules which may be present within the 
vacuum, and with which they continually collide until their energy 
is exhausted whereupon they are drawn back to the filament. 

SPACE CHARGE 

The electron constitutes a negative charge of electricity and, on emerg-
ing from the filament, leaves the filament positive in respect to the 
projected electron. The tendency, therefore, is for the electron to 
be attracted back to the filament. Any gas in the vacuum also presents 
a resistance to be overcome by the electron. There is also another re-
pelling effect which must be overcome. This is the repelling effect of 
electrons which are moving at a greater distance from the filament than 
the newly emitted electrons. 

As stated before, the electrons fill the space about the heated fila-
ment much as steam fills the space over a pan of boiling water. The 
electrons, in their countless thousands, may be considered as actual 
particles of negative electricity, and they constitute in reality an 
actual negative charge in the space they fill. It is this condition 
that is called "The Space Charge. 
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Figure 1 

Let us now consider the effect this space charge has upon 
electrons leaving the filament and, for example, we will 
consider a single electron. In Figure 1 the filament•is 
shown emitting electrons which are represented by the black 
dots. The electron A, which is represented by the enlarged 
dot, is shown a short distance from the filament F and we 
will assume its velocity carries it to the point shown, 
first, by overcoming the tendency of the filament to draw 
it back, second, its velocity carries it against whatever 
resistance is offered by any gas present and, third, it 
is carried against the repelling force exercised against 
it by the electrons which are moving about ahead of it. 

At the point shown at "A" the velocity of the electron is spent and 
it has no further energy to carry it ahead. It is then easily in-
fluenced by the repelling action of the electrons beyond it,- also 
by the attractive force of the filament and it finally returns and 
is absorbed by the filament. 

We will consider Electron uB" as having gained a greater velocity on 
leaving the filament. It reaches point 13 before it is drawn back to 
the filament. 

Electron "C" has lert the filament at a still greater velocity than 
either A or B and has reached the point C as shown. This electron 
has reached a point in the space charge where there is a greater 
number of electrons behind it than ahead of it and, since like charges 
repel, electron "C" is actually assisted on its course further away 
from the filament to point D. 

The foregoing will serve to acquaint you with at least a working 
knowledge of the forces acting upon the electron, this being important 
because it accounts for certain phenomena which will be encountered 
later on in our detailed study of the tube. 

THE PLATE  

In addition to creating a supply of electrons in the vacuum tube 
it is necessary that we also create some attraction which will 
cause thee electrons to move from their point of origin. This is 
accomplished by sealing a second element called the plate in the 
vacuum space. This is shown in Figure 2. It is to be noted that 
the plate has a connecting lead brought out for a purpose which we 
will soon explain. For the time being we shall consider the plate 
as shown in Figure 2 to be sealed in the tube but not connected in 
any way. 

Electrons being emitted will accumulate on the plate and charge it 
to a negative potential, the negative charge will increase until the 
plate repels any further electrons moving in its vicinity. Let us 
now give the plate a positive charge by connecting it to the positive 
side of a battery, called the "B" battery, as shown in Figure 3. Since 
this maices the plate positive its natural tendency, in order to restore 
the state of balance, is to attract any negative charge possible. This 
It does by drawing to it the electrons being emitted by the filament. 

When trie plate is connected in the circuit as shown in Figure 3, and 
is given a positive charge, electro-static lines of force immediately 
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Figure 2 Figure 3 

are set up between the plate and terminate at the filament. It in 
along these lines of force that a positive charge of electricity, a3 
formerly understood, would travel. The electron being a negative 
charge would move along the same lines of force but from filament 
to plate which simple means, when expressed differently, that the 
positive plate will attract to it the negative electrons ( unlike 
charges attract). The attractive force the plate has for the electrons 
will depend upon the potential of the plate relative to that of the 
filament 

The original tube, known as the Fleming Valve, consisted of only two 
elements, the filament and plate, as shown in Figure 3. 

CHARACTERISTICS OF THE FLEMING VALVE 

The phenomenon of a vacuum tube can best be understood by making a 
preliminary study of the Fleming Valve. 

IFILAMENT 
• 
Pd 
• 

Hot 
v. c. 

/WM 

BEW 

Figure 4 

The circuit consists of a source of current, known as the "A" battery 
to heat the filament. The E.M.F. applied to the filament is made 
variable. A source of E.M.F„ known as the "B" battery, is used to 
charge the plate and this should also be variable. Such a circuit 
is shown in Figure 4. 

If the plate has a very small positive potential placed on it as 
shown in Figure 5 a very weak current will flow through the plate 
circuit, P, My A, F, because, under these conditions, only a limited 

number of electrons will reach the plate and the greater majority of 
them are drawn back into the filament. 

It is to be noted here that the plate will have a potential about 
equal to the filament. Let us, however, connect a battery in the 
plate circuit as shown in Figure 5A, giving the plate a high positive 
potential with respect to the filament. Under these conditions nearly 
all the electrons emitted from the filament will be attracted to the 
plate resulting in a flow of a comparitively large plate current, as 
indicated by the milliameter reading. If the B battery is connected 
as shown in Figure 4 thus placing a negative potential on the plate, 
the meter will show no deflection because the emitted electrons are 
negative and they will be repelled by the negative plate. This clearly 
indicates that electricity cannot flow from the plate to the filament 
due to the fact that no electrons are passing in the direction of the 
filament. 

As we stated before the rate of emission will depend upon the material 
of whichthe filament is made, the size of the filament, and the temperm 
ature at which the filament is heated. In the vacuum tube the temperature 

V01.130 
911117:4  
be& 



7 

of the filament is a variable factor. We cannot change the position 
nor size of any of the elements within the tube,but we can change the 
filament temperature by a variation of the current passed through it. 
For a given filament current there will be a corresponding temperature 
and this temperature will remain constant, providing the current is not 
varied. At a certain temperature a definite number of electrons will 
be emitted. 

If the circuit as shown in Figure 6 is set up with the filament switch 
FS open filament current will not flow and no electrons are emitted• 

hence no plate current will flow, which is indicated by zero reading 
of the milliameter, M.A. When switch FS is closed current will flow 
through the filament from battery A. Electrons will then be emitted 
and as the current increases through the filament its temperature 
will be increased with a corresponding increase of electron emission. 

1r the rheostat is set at a point where less than normal filament cur-
rent flows through the filament and the plate voltage is varied from 

A 

Figure 5 

M. A. 

Figure 5A 
A 

Figure 6 

zero upward by changing the taps on the 93" battery a curve as shown 
in Figure 7, A,B,C,D, is obtained. This shows that plate current In-
creases as the plate voltage is increased. An examination of this 
curve shows that as the plate voltage is increased at first there is a 
rapid increase in plate current (A). After a certain value of plate 
voltage is applied there is no appreciable increase produced in plate 
current by increasing the plate voltage. This is shown 
by the horizontal portion D of the curve. If the filament current is 
now increased and the plate voltage again is varied from zero upward 
the change in plate current takes place along the curve AEFG. Here the 
plate current coincides with the lower filament current along part A, 
but continues to increase above the bend B obtained with the lower fila-
ment current. After a certain plate voltage is applied the plate current 
again fails to increase for further increase in plate potential. This 
is indicated by the horizontal portion G which however is higher than 
D, obtained with the lower filament current. /f other similar curves are 
drawn, each corresponding to a definite filament current, the same char-
acteristics would be noted in each, namely a pert where the plate current 
increases as the plate voltage increases and a part were the plate current 
is constant even though the plate voltage increases. 

From these curves it is evident that with a definite filament current 
there is a definite plate current that cannot be exceeded. Moreover 
these curves show that as the filament current increases the maximum 
value of plate current also increases. This shows that a condition 
exists in the tube itself which limits the amount of current that can 
be obtained from the filament. Furthermore it seems certain that this 
limiting factor depends on the filament temperature which in turn depends 
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on the filament current. Thus we can Buy that the maximum plate ourrent 
obtainable depends on the filament. But for eaoh filament temperature 
there is u definite maximum value of plate current. 

A further study shows tnat the proportion of electrons attracted to the 
plate depends on the magnitude or the plate potential. When the file -
ment temperature Is kept constant and the plate voltage gradually in-
creased the number of electrons attracted to the plate, and therefore 
the current in the plate circuit, will gradually increase as shown at 
(A) and ( B) of Figure 8. This will continue until a condition is reached 
where all the electrons are drawn over to the plate as shown at ( C). 
A further increase of plate potential will not result in any increase of 
plate current. This maximum plate current, beyond which there la no 
increase for increased plate voltage is known es the saturation current 
of the tube. For each filament temperature there is a different value 
of saturation current. Saturation for any definite temperature of the 
filament occurs when the plate attracts the electrons at the same rate as 
they are being emitted by the filament. In order to increase the plate 
current beyond this point it is necessary to increase the filament temper-
ature. The modern tube must be so designed that its filament will be 
able to emit electrons at a high enough rate so that saturation will not 
occur at the normal filament current and plate voltage. This means an 
electron emitter having an ample supply of electrons. 
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Fig. 7 PLATE VOLTAGE 

Characteristic Curves of a Two-
Electrode Tube at Two Differ-

ent Filament Temperatures 
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The subject matter just given applies to 
tubes which are theoretically perfect In 
vacuum, allowing the electrons to pass in 
the space between the filament and plate 
without interference. 

When, however, small traces of gas are left 
in the tube the electron current, which 
flows when a positive potential is applied 
to the plate, is increased over that obtained 
under the same conditions with tubes highly 
evacuated. The increase in electron current 
takes place, however, on the condition that 
ionization takes place. 

IONIZATION  

Ionization is the effect produced when elec-
trons, on their path from the filament to the plate, collide with the 
molecules of gas in the tube. The molecule of gas la disrupted by the col-
lision and it frees detachable electrons which then flow with the main 
body of electrons originating at the filament. 

As the "B" voltege is increased the attraction of the plate for the 
electrons is increased. This, of course, affects the speed of the 
electrons and when they strike the gas molecules with greater speed 
the number of electrons freed from the molecules of gas will be in-
creased. It is the liberated electrons from the gas molecules joining 
the main stream of electrons that increases the plate current. 

When the electrons being emitted from the filament have attained a 
speed great enough they break up the gas molecule into free electrons 
leaving the gas molecule positively charged. In other words the gas 
molecule has been ionized and is now what is termed a positive ion. 
When this takes place in a vacuum tube to any great extent it is made 
evident by a blue glow which fills the space about the plate because 
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at this point the greatest velocity of the electron occurs. The 
positive ions thus formed cannot flow to the plate because the plate 
is positively charged, and like charges repel, and the ions will then 
move toward the filament. Upon striking the filament they break loose 
more electrons, which again increases the quantity of electrons available 
to bombard the plate. 

Ionization, therefore, is the splitting or breaking up of gas mole-
cules into free electrons which are always negative and positive 
charged ions. The freed electrons forming with the main stream of 
electrons, and the ions shaking more electrons free from the fila-
ment which at once start on their journey to the plate, produces 
increased current in the plate circuit. 

THE THREE-ELEMEXT VACUUM TUBE  

The threedmelectrode tube differs from the two-element tube only in 
the introduction of a third element, called the grid. 

NO PLATE CHARGE 

A 

SMALL + CHARGE ON PLATE STRONG + CHARGE ON PLATE 

Fig. 8...Action of Electrons in a Two- Element Tube 

The introduction of the grid brought about a change in radio that 
has had a far reaching effect. In fact it was the most important 
contribution made in the advancement of radio communication since 
the Fleming Valve was perfected. It greatly increased the sensi-
tiveness of all receiving apparatus used in radio and is directly 
responsible far all the uses of the modern vacuum tube in trans-
mitting and receiving apparatus. 

The grid is capable of controlling the electrons which fill the space 
between the filament and plate. It exercises a directive power over 
the cloud of electrons which are racing with tremendous speeds toward 
the plate. The grid allows certain quantities of the electrons to pro-
ceed to the plate or it may prevent them in some cases from striking 
the plate at all. 

By making the grid alternately positive and negative the quantity of 
electrons flowing from the hot filament to the plate can be increased 
or decreased. It can thus control large powers of plate current. The 
amazing feature here is that very small power applied to the grid will 
exercise this control. How this is accomplished will now be considered 

THE USE OF THE GRID 

The theory of the two4belectrode tube, relative to the electron flow, 
the space charge, etc., will now be applied while explaining the ef-
fects produced by the introduction of the third element, the grid. 
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The grid ts placed in the tube to control the electron flow from 
filament to plate. For this reason it is often compared to the 
trigger action of a gun, or the valvo control over water, steam 
linos etc. In the grid, however, we utilize electricity to effect 
this control. You will remember in our study of the twogblectrode 
tube that the spnce between the filament and plate was filled with 
minute negative charges, the electrons. You also know that like 
charges of electricity will repel and unlike charges will attract. 

Now let us refer to the three-selectrode tube shown in Figure 9. 
The grid will then be right in the middle of the cloud of electrons 
constituting the space charge. If we now connect the negative termin-
al of a third battery "IC" to the grid as shown in Figure 9 we place a 
negative charge on the grid which will assist the negative space charge. 

Since the space charge is already negative an additional negative charge 
on the grid will repel the greater number of electrons which otherwise 
would have traveled directly to the plate. As soon as this happens the 
plate is robbed of electrons and a drop in plate current results. If 
we have the grid potential battery in Figure 9 arranged so that it is 
variable, allowing us to gradually increase the negative charge on the 
grid, a point will finally be reached when the repelling force caused 
by increasing the negative potential will become great enough to ef-
fectually block and turn back all the electrons emitted by the filament. 

In this case no current will flow in the plate circuit because electrons 
are not now reaching the plate. In other words we have made the grid 
equal in negative force to the positive attraction of the plate and 
neutralization is the result. 

Now let us reverse the battery "C" so the positive terminal is con-
nected to the grid as shown in Figure 10. This will give the grid a 
positive charge and, since unlike charges attract, the grid will have 
the effect of attracting the electrons and also conteracting, to a 
certain extent, the negative space charge. The plate current will be 
increased because the grid, being made positive, has now added an ate-
tractive positive force to that of the plate and consequently assists 
the plate in attracting electrons to it. By this added positive force 
in the electron paths the electrons gain a much greater velocity and 
pass between the fine grid wires striking the plate in greater quantities. 

Some of the electrons strike the grid and cause a current to flow 
therein. This current is usually small and later on methods will 
be introduced to keep it at a minimum because large grid current is 
undesirable. If this grid battery C is made variable as in the case 
of Figure 9, and then gradually changed so that an increasing positive 

charge is placed on the grid, more and more electrons will be assisted 
to the plate, but there will be a point reached where further increas-
ing the positive potential of the grid will not draw more electrons 
from the filament. When the saturation point has been reached further 
increasing the grid potential will not increase the plate current. 

When we consider the repelling effect the space charge has on electrons 
being emitted it is easily understood how the electron flow is effected 
when we introduce any element that will either increase or decrease this 
action of the space charge. The grid has the power to exercise this con-
trol as you have observed. 
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The radio wave is alternating current, rapidly changing from positive 
to negative. This current is led directly to the grid in the radio 
receiver and changes the grid rapidly from positive to negative thereby 
controlling the flow of electrons which, in turn, determine the plate 
current flow. The plate current flowing through the telephone re-
ceivers is made to change in this way. The tube action in the re-
ceiving set will bring this explanation out in more detail. 

WIMP 

11•1111, 

Figure 9 

EXAMINATION QUESTIONS  

Figure 10 

1. What are Thermionic Currents? 

2. Of what importance was the discovery of the "Edison Effect"? 

3. Does the atom normally possess an electrical charge? 

it e Upon what does electron emiseion depend? 

5. Tell what you know about " space charge". 

6. ( a) In a vacuum tube what is the function of the plate? 
(b) The filament? 

7. What is the effect of ionization? 

8. How does the three-pelement tube differ from the Fleming Valve? 

9. Of what importance is the grid element? • 

10. When the heat applied to the filament is increased is there an 
increase in the electron emission? 
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THEORY AND USES OF PHOTOELECTRIC TUBES 

DEFINITION  

In its broadest sense photoelectricity covers two phenomena, namely, 

(1) The release of radiant energy when electrons strike particles 
of matter. 

(2) The release of electrons when radiant energy falls on particles 
of matter. 

It concerns, therefore, a transfer from electricity to light, or a 
transfer from light to electricity. 

TYPES OF PHOTOELECTRIC PHENOMENA  

Under the first type is the ordinary arc lamp, in which an electric 
current causes gases to become incandescent, producing radiant ener-
gy in the form of visible light waves. 
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Fig.1 - PRINCIPLE OF COOLIDGE X-RAY TUBE. 

Also under the first type we note the Coolidge X-ray tube, which is 
simply illustrated in Fig. 1. Here we have a flow of electrons from 
a filament, the electrons being condensed by a sheath into a fine 
cathode ray. These electrons attain a tremendous velocity due to 
the attractive force of the high positive charge on the anode, which 
is called the " target" for the electron stream. The energy of the 
electrons in motion is communicated to the molecules of tungsten at 
the target surrace, and these convert the energy into a form of 
radiation which we call X-rays. 
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The reverse effect is the emission of electrons from molecules of 
matter when radiant energy falls on them. This effect was origin-
ally discovered by Hallwachs. He found that if a body is negatively 
charged it will lose that charge when subjected to ultra-violet 
light. On the other hand, if the body is positively charged it will 
not be affected by the ultra-violet light. If a negatively charged 
body loses its charge under the influence of light it follows from 
the electron theory that we should be able to collect those charges 
under certain conditions by placing near it a positively charged 
body. This compares with the ordinary vacuum n tube used for radio 
purposes, in which a positively charged plate is used to collect 
the electrons given off by the incandescent cathode. In Fig. 2 is 
shown the energy paths concerned with the Hallwaohs effect. 

Theoretically at least we could accomplish a double transfer, as 
shown in Fig. 3. Here we have radiant energy in the form of ultra-
violet light directed onto a negatively charged metallic body in a 
vacuum and which gives up electrons; these would be attracted to the 
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Fig.2 - PRINCIPLE OF THE 
HALLWACBS EFFECT. 
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Fig.3 - THEORETICAL IDEA OF 
A DOUBLE TRANSFER OF ENERGY. 

anode or target. If a sufficient number of electrons could be emit— 
ted from the cathode in a given time ( not practically possible) 
X-rays might be radiated from the target due to the energy wrapped 
up in the bombarding electrons. We observe here a difference in the 
two forms of radiant energy concerned. Ultra-violet light, while 
invisible, obeys the well-known optical laws of reflection, refrac-
tion and polarization. On the other hand X-rays do not. They do 
have some properties in common, as we shall see. 

IONIZATION OF GASES  

In various devices in this branch of science we encounter gases, not 
only of the non-metallic kind such as oxygen, hydrogen, helium, etc. 
but also those of the metals themselves, of which the most frequent-
ly used is the vapor of mercury, which is normally a fluid. You are 
familiar with the latter in the wide spread use of mercury vapor 
lamps, and you find it also in mercury vapor rectifiers. 

Gas molecules containing two or more atoms may be dissociated into 
positive and sometimes negative ions by putting the gas in the 
line of action of any one of the three paths shown in Fig. 3. In 
nice fashion the single-atom molecules which are electrically neu-
tral are usually made over into positive ions. 

Ultra-violet light can ionize mercury vapor by causing the release 
of one or more electrons from the mercury atom. 
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Electrons in motion at a sufficient speed may "knock off" other 
electrons from a gas molecule in their path, leaving positively charg-
ed atoms or ions, and sometimes negative ions, depending on the mole-
cular construction. 

Furthermore, X-rays also have the ionizing power. 

SENSITIVITY TO LIGHT. In a foregoing paragraph we mentioned that 
Hallwachs, in his experiment, used ultra-violet light. There were 
natural limitations to this early device on account of the nature 
of the light. It is easy to see that in a practical way it is much 
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Fie.4 - CHART SHOWS COMPARATIVE SENSITIVITY OF POTASSIUM, 
CAESIUM, AND THE RUMAN NYE AT DIFFERENT LIGHT FREQUENCIES. 

easier and cheaper to produce and see white or yellow light -- which 
usually contain some ultra-violet,but a much greater percentage of 
other colors. Thus an ideal material to use would be one that is 
more sensitive to white light or the same spectrum as the eye. 

The discovery that sodium, potassium, caesium and a few other ele-
ments were instantly affected by visible light led to intensive de-
✓elopment work which brought the photcelectric cell up to its pres-
ent stage. Although these cells are quite highly developed yet they 
are not as uniform in performance as the radio tube. Photoelectric 
cells and radio tubes in general appearance resemble each other and 
both are classified as " electron discharge devices" although it 
must be remembered that in the case of the photocell the emission is 
caused by light while in the thermionic ( radio) tube the emission is 
due to incandescence of the filament or cathode. 

An examination of the chart in Fig. 4, which shows the sensitivity 
of various materials at different light frequencies, indicates that 
caesium compares favorably with that of the eye. Caesium, however, 
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when used alone is not as sensitive as potassium or copper oxide but 
it has been found that by coating the caesium on silver oxide its 
sensitivity is greatly increased and furthermore itti frequency char-
acteristio is kept approximately the same as that or the eye. 

PRINCIPLES USED IN THE PHOTO-EMISSIVE CELLS 

Based on the principles used we have two types of photo-emissive cells 
or phototubes: 

(a) The vacuum type, which consists or a highly evacuated vessel en-
closing a positive electrode and a negative electrode, the lat-
ter consisting of a surface of such material that it will emit 
electrons under the influence of radiant energy of the visible 
or near visible spectrum. 

(b) The gas type, which uses the principle of the vacuum type above, 
with the addition of a certain amount of one or more gases which 
easily release additional electrons under the forces of collision 
with electrons emitted from the cathode. 

CENTRAL ANODE CENTRAL CATHODE CENTRAL ELECTRODES 

Fig.5 PROTOTUBES ARE CLASSIFIED HERE ACCORDING TO 
ARRANGEMENT OF THEIR ELECTRODES. 

STRUCTURAL FORMS  

The three most common forms of phototubes now in use are ( a) the cen-
tral anode, ( b) the central cathode, and ( c) the central electrodes. 
In the central anode type the inner surface of the tube is coated 
with the light sensitive alkali while a rod, used for the anode, is 
located inside and near the center of the tube. In the central cath-
ode type the inner surface of the tube is coated with a metallic sub-
stance and a plate, coated with light sensitive material, is located 
in the center of the tube. In either case the coating on the inside 
wall of the tube is connected electrically to a terminal which is 
brought outside the tube. The third type mentioned or the central 
electrode tube is now the tube most generally used in sound-on- film 
movies. It consists of a centrally located rod ( anode) with a semi-
cylindrical plate ( light sensitized cathode) partially surrounding 
it. Fig. 5 shows the general arrangement of the electrodes. 
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VACUUM CELL. When the electrodes of a photocell function in a high 
vacuum it gives them a much different characteristic than when they 
work in a gas filled medium. When the cathode of a vacuum type cell 
is subjected to light a certain number of electrons are released and 
if a high positive potential is applied to the anode all of these 
electrons will be attracted to and flow toward the anode. On the 
other hand, if the anode voltage is comparatively low all of the lib-
erated electrons will not be attracted to the anodelbut many will 
continue to remain on the cathode. This characteristic showing the 
variation in current ( electron flow) for a given fixed light inten-
sity, with changes in anode potential is shown in Fig. 6. When the 
voltage is sufficient to remove all the electrons released by the 
light, a further increase of voltage should not produce an increase 
in electron flow. When this condition is reached the current has 
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Fig.6 - CHART SHOWS RELATION BETWEEN CURRENT FLOW AND 
VOLTAGE CHANGES IN A VACUUM TYPE CELL WITH CONSTANT 

LIGHT INTENSITY. 

reached the saturation value. Of course,if the light intensity is 
changed the voltage-current curve will be different and the satura-
tion current will increase as the light intensity is increased. Due 
to imperfect vacuum and rough surfaces on the cathode holding back 
some electrons there will always be some slight increase in current 
for an increase in voltage, but this increase becomes so slight that 
it need not be considered. 

EFFECT OF GAS ON CELLS. The action of gas filled cells is much more 
difficult to understand than the explanation just given for the ac-
tion of the vacuum type cell. In the first place only gases which 
do not react chemically with photoelectric material can be used. 

Argon, neon and helium answer these qualifications. The normal elec-
tron stream in motion will have scattered through it gas molecules 
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which are electrically neutral, and thererore not attracted to either 
the anode or the cathode. The random motion or the gas molecules 
through the space or the tube will have no special direction. When 
an electron collides with a molecule the elastic properties or each 
may cause them to Terely bounce off, their directions and velocities 
being changed but slightly. If th ti eleotron velocity la sufficiently 
great, however, it may give up some of its energy to the task or rree-
ing another electron from the ties that bound it into the structure 
of a gas atom. The additional electron joins the stream of electrons 
originating at the cathode, and more electrons reach the anode than 
were caused by the light falling on the cathode. The gas atom which 
was robbed of an electron is no longer neutral, having become a 
positive ion. This ion is repelled from the anode, and attracted to 
the cathode, whose charge is of the opposite polarity. During its 
motion in that direction, it may join another electron and become 
neutral; or it may approach and reach the cathode at such a velocity 
that the collision causes an extra agitation of the electrons there, 
with the consequent increase in the number released. Still another 
effect occurs when a neutral gas atom combines with an electron to 
become a negative ion, which is attracted toward the anode. 

It all gets very complicated when other variations are considered. 
Increasing the positive potential on the anode serves to increase the 
whole effect. It is possible to increase this voltage to a point 
wher the emission from the cathode due to the positive ions present, 
is as great as or greater than the emission due to the light alone. 
When this condition is reached the emission of electrons will con-
tinue even though the light is cut off. The tube then contains a 
self-sustaining glow discharge which will continue until the anode 
potential is lowered appreciably, or until the cathode surface is 
robbed of its available electrons. In the latter case the tube becomes 
useless, as it cannot be reactivated like an amplifier tube. 

It can be seen that while the gas filled cell is much more sensitive 
than the vacuum type more care is required to keep it from glowing. 
The same conditions exist in the gas filled cell as in the vacuum 
cell insofar as that increasing the light intensity changes the best 
maximum voltage used. Thus, with greater light intensity a lower 
voltage must be used to prevent glowing. The graphs of Fig. 7 show 
this. ( The " lumen" is the unit of " luminous flux," which may be de-
fined as the radiant power evaluated according to its visibility). 
The current sensitivities are graphed for three types of cells made 
by the Westinghouse E. & M. Co. 

Type VA is a vacuum cell having a color-response approximating that 
of the human eye. Type VB is also a vacuum cell, but having about 
fifteen times the sensitivity of Type VA, but resembles the latter 
in that it gives constant output for steady light flux, over a wide 
range of cell voltages. The gas filled Type GB cell gives increas-
ed output up to a limit of about 90 volts. The graph at the right 
of Fig. 7 shows that the unwanted glow discharge occurs at a volt-
age which depends on the light flux. 

Fig. 8 gives the response per unit energy of the three cells men-
tioned, with a comparison with the human eye. It will be noted that 
the GB cell has about five times the response of the VB cell, at 
the voltages used in taking the data, but that the color response 
of the two cells is identical. 
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Referring again to Fig. 7 we see the reason for the greeter sensitim 
vity of the gas filled cell. At about 30 volts on the horizontal 
scale, the VB cell has reached the saturation point for the steady 

 Voltage on GB cell must never 
 exceed 90 volts peak value or 
  qlow discharge evil/ ruin cell. 
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light flux condition which determines the electron emission. In the 
GB cell, however, this voltage is about the point where ionization 
begins to take effect for that steady light flux, and the current 
per lumen increases rapidly as the voltage is Increased. 

In order to limit the cell voltage to a value below that at which 
glow discharge starts, it is customary to insert a resistor in series 
witb the voltage supply. Its value is such that, as the cell cur--
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rent increases too rapidly near the glow discharge point, the volt-
age drop across the series resistor will lower the voltage across 
the cell electrodes. This,of course lreduces the tendency toward a 
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glow discharge. It has a certain disadvantugm, in that the average 
voltage across the electrodes will depend upon the average illumina-
tion. What we would like to have is the use or a steady voltage on 
the electrodes, with the ourrent varying directly as the luminous 
flux changes. With a resistor in series with the voltage supply, 
the electrode voltage is no longer constant as the current varies 
with change in luminous flux. Under this condition there is no 
longer a nearly linear relation between the illumination and the 
current, and a slight distortion results. 

This disadvantage would not apply to a vacuum type of phototube which 
is operated above saturatione•where a considerable change in electrode 
voltage makes no appreciable change in current. But then, there is 
no use in having a protective resistor in the circuit of vacuum 
phototubes, because the gas in them has been so considerably reduced 
that no glow discharge could take place except at very extraordinary 
voltages. 

PHOTO-CONDUCTIVE CELLS 

The earliest form of photoelectric cell used selenium, but up to 
very recent times the inherent sluggishness of response limited its 
usefulness to very few applications. A modern development which is 
manufactured by the Burgess Battery Company under the name "Radio-
visor Bridge" makes use of a unique contact surface and the selenium 
is carefully treated by a special process. This overcomes much of 
the slow action of the selenium, and it is claimed to be responsive 
to variations in light up to a frequency of 10,000 cycles per second. 
The cell or bridge as it is called consists of two gold electrodes 
fused into glass. Each electrode is in the shape of a comb, and they 
are placed with their teeth interlocking, but not touching. The 
molten selenium is poured over these electrodes in a thin layer and 
then given a heat treatment to convert it into the chemical form in 
which it is most sensitive to light. The electrode assembly is 
then placed in a glass envelope from which air is removed. 

The action of this type of cell must not be contused with the photo-
emissive cell in which an electronic emission is proportionately 
caused by light. The property of selenium is such that its resis-
tance to the flow of current is changed by light. The cell resis-
tance decreases when exposed to light, causing more current to flow 
if the cell is connected across a sufficient voltage. The bridge 
may be used over a wide range of voltages ( 10 to 500), the principal 
difference being that more current flows as the voltage is increased. 
When dark the resistance is from 1 to 10 megohms. The "bridge" pas-
ses appreciably more current than the photo-emissive tubes previously 
described. 

PHOTO-VOLTAIC CELLS 
• 

Several oxides of silver and of copper when immersed in solutions of 
sodium hydroxide become more electropositive when exposed to light. 
When an electrode having a crystalline cupric oxide surface is assomp 
elated with an inert electrode of lead, the additional electrochemical 
potential caused by light makes itself evident as an internal electro-
motive force which is available for causing current to flow through 
some external circuit connected across the two electrodes. 
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The voltage developed in this cell is proportional to the luminous 
flux to which it is exposed. No external battery is required, which 
differentiates it from the photo-emissive and the photo- conductive 
types of cell. 

APPLICATION OF PHOTOTUBES IN CIRCUITS  

Potassium and caesium cells are very sensitive, but pass such small 
amount of current that they cannot be used for most commercial pur-
poses unless their output is increased. Since the resistance from 
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Fig.9 - ONE WETHOP OF COUPLING A PHOTOTUBE 
TO AN AMPLIFIFR TUBE CIRCUIT. 

anode to cathode is quite high they are known as high impedance cells. 
This brings about two requirements. If they are to be used for the 
production of alternating current of a wide range of frequencies, 
such as in Sound Pictures and Television, the input impedance of the 
following amplifier must match that of the phototube. As with any 
other high impedance circuit, it must be adequately protected by 
shielding from responding to stray electrostatic and electromagnetic 
fields which would otherwise introduce random voltages in the signal. 
These would appear as noise in Sound Pictures, and as flecks of 
light and shadow in the picture- effect reproduced at a remote Tele-
vision receiver. 

One method of coupling a phototube to an amplifier tube is shown in 
Fig. 9, where a high resistance is inserted in series with the volt-
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Fig.lo - AUTOTRANSFORMERS ARE USED HERE TO STEP- DON 

AND STEP-UP THE VOLTAGE. 

age supply. As the current changes through this resistor due to 
light variations on the phototube, the varying voltage- drop is ap-
plied to the input of the amplifier tube. This system makes it ad-
visable that the first amplifier tube be placed close to the photo-
tube, not only for noise prevention, but also to prevent the capacity 
of a long cable acting as a shunt at high frequencies. 

These troubles are prevented, and convenience of construction im-
proved, by the circuit of Fig. 10, using an autotransformer close to 
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the phototube to step down the voltage. At the desired location of 
the first amplifier tube a similar autotransformer steps up the volt-
age which is applied to the grid of the tube. You will note that 
this satisfies our requirements because ( 1) the load on the phototube 
is a high impedance, ( 2) the input to the amplifier tube is a high 
impedance, and ( 3) the connecting circuit has a low impedance not 
subject to capacity or magnetic effects to any appreciable degree. 

INDUSTRIAL USES OF PHOTOTUBESJ The articles entitled " Illumination 
Control" and " Smoke Density" which follow were written by Messrs. 
W. R. G. Baker, A. S. FltzGerald and J. I. Cornell of the RCA Victor 
Company and Mr. C. F. Whitney of the General Electric Company, and 
are given here with illustrations through the courtesy of the pub-
lishers of "ELECTRONICS" in which they originally appeared. 

Applications of the photocell in the industrial field are for the con-
trol of power through the medium of amplifying systems, thyratrons 
and relays of the light and heavy duty types and, for indicating 
smoke density, matching colors, counting articles and so on. These 
topics will be dealt with in the following pages. Thus many devices 
that were formerly controlled by hand or by clock-work are now con-
trolled by the photocell. For generations light has been considered 

PHOTOELECTRIC CELL 

LtGHT DUTY 
RELAY \ 

3 MFO. 
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500 TO 50,000 OHMS 
110V. A.C. 

° OR D.C. 

Fig. 11 - A RELAY CIRCUIT WITH PHOTOTUBE 
AND VACUUM TUBE AMPLIFIER. 

only as "something to read by"; of late, however, engineers have be-
gun to realize that beams of light can be put to work. The medium 
through which light serves for these uses is the surface of an elec-
trode in the phototube which emits electrons under the stimulation 
of visible or invisible light, as previously explained. These elec-
trons can be used to operate relays and thereby control power of any 
amount. 

A photoelectric cell has the advantage over other devices of being 
able to operate in periods of unusual darkness during daylight hours 
which may be caused by a storm for example. Ordinarily during storms 
apparatus controlled by clock-work would not function. When photo-
cells are used for the switching of incandescent lights used for 
lighting or for beacons, they are placed in a "window" which feces 
towards the north so that the direct rays of the sun will not damage 
the cell. Relays working in conjunction with the light sensitive 
device make contact when the light shining in the window Is less than 
a certain amount. A typical light- duty relay circuit with photocell 
and vacuum tube amplifier is shown in Figure 11. 
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The general scneme for combining several light-duty relays to con-
trol many different circuits operated from one light sensitive cell 
is illustrated in Figure 12. Each relay operates at its own criti-
cal current and controls its own heavy duty relay and circuit, al-
though the whole is energized by the same photoelectric cell. 
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Fig.12 - AN ARRANGEMENT FOR COMBINING 
SEVERAL LIGHT- DUTY RELAYS. 

magnetic counting device operated by a photocell is used in many 
factories at the present time to count the number of articles, such 
as packages, which pass through a conveyer at a certain point. Any 
object that is large enough to interrupt a beam of light will oper-
ate a photocell, and as a photocell is practically instantaneous in 
operation, almost any speed may be obtained. 
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Fig. 13 - CIRCUIT CONNECTIONS OF A 
LIGHT-OPERATZD RELAY. 

ILLUMINATION CONTROL. For example, the circuit shown in Figure 13 
combines a phototube and triode to form a light-operated relay. The 
pliotron grid is "biased" negatively by means of a potentiometer 
across the winding of a transformer and serves to keep the plate cure-
rent at a low value insufficient to energize a small relay in the 
plate circuit. A phototube also connects to the grid and a winding 
of the transformer in such a manner that when light strikes the photo 
tube the grid is made less negative increasing the plate current so 
that the plate relay is energized. Thus the relay is energized when 
light strikes the phototube and de- energized when the light is cut 
off. A contactor capable of controlling usunl circuits in operated 
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by the plate relay contacts. By means of normally closed und normal-
ly open contacts on the plate relay the contactor muy be either en-
ergized or de-energized when the light strikes the phototube. The 
photograph of a commercial unit of this type, illustrated on the 
front cover, shows the phototube connected to an amplifier and relay 
unit by means of a flexible cable, thus allowing the phototube to be 
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Fig. 14 - THIS CIRCUIT IS ESPECIALLY ADAPTED 
FOR CONTROL OF ARTIFICIAL ILLUMINATION IN 

ACCOPDANCE WITH DAYLIGHT, 

mounted in a variety of positions as required by tile application. A 
modification of the circuit in Figure 13 is shown in Figure 14. Here 
a phototube and triode are similarly combined, but with special fea-
tures. The negative bias of the triode is adjusted by means of a 
variable capacitor which facilitates the setting of the device for 
operation at a given light intensity. Small thermally operated time-
delay relays are interposed between the plate relay and the position 
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Fig. - A MECHANICAL RELAY IS NOT REQUIRE!) 
IN THIS ILLUMINATION CONTROL CIRCUIT. 

relay making it necessary for a given change of light to be maintained 
for several seconds before the position relay is operated. This cir-
cuit is particularly adapted for the control of artificial illumina-
tion in accordance with daylight. It has been used for street light 
and sign control. Such apparatus will automatically turn lights 
"on" and "off." 

The circuit in Figure 15 combines a thyratron and a selenium photo-. 
3ensitive tube. It provides for illumination control by means of an 
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"on" and " off" relay which is sensitive to light and capable of con-
trolling a large contactor or load directly without the use of a 
sensitive mechanical relay. When no light falls on the selenium tube 
the thyratron has positive bias, but when the selenium tube is exposed 
to sufficient light, this bias is overcome and the thyratron ceases 

to pass current. 

The practicability of the photoelectric cell for regulating traffic 
lights is being given serious consideration. The Westinghouse Elec-

110 V 
60 CYCLE 

Fig.16 - PHOTOTUBE SECTION OF A DEVICE 
WHICH CONTROLS TRAFFIC LIGHTS. 

tric and Manufacturing Company has installed traffic lights operated 
by neon tubes on certain street corners for this purpose. It has 
long been felt that the stopping of traffic at regular time intervals 
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 0-•  
RELAYS 

Fig.i, - THE LIGHT AND RELAY MECHANISM OF A DEVICE 
USED FOR CONTROLLING TRAFFIC LIGHTS. 

on main highways is wasteful of time as very often there are no cars 
waiting on the intersecting minor street to cross when the main 
thoroughfare light turns red. The ideal method would be to have a 
green light on tile main thoroughfare at all times giving the right of 
way to the minor street only when it is needed. 

The general arrangement of the phototube circuit and light and relay 
mechanism are shown respectively in Figures 16 and 17. The function 

re vide 
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depends primarily upon the interruption or a beam of light by an auto-
mobile or any vehicle which comes between the photocell and the light 
source. In order not to stop traffic on the main highway when care 
make a right turn from the highway to the minor street a time delay 
relay is used which makes it necessary for a car to stop in front of 
the light beam for a few seconas before the traffic lieht will change 
color. 

SMOKE DENSITY. Figure 18 shows a schematic diagram of a smoke density 
recorder which has been built in two units. One box contains a source 
of light giving a nearly parallel beam, a rectifier- filter system, a 
photoelectric tube measuring circuit, and a motor-rotated glass dust 
shield with a wiper to keep the lens system clean. A second box con-
tains a pair of adjustable mirrors set to right angles together with 
another rotating glass shield with wiper. The shi eld s w ith cleaning 

mechanism are important as the smoke to which the whole apparatus is 

6/ass 
dust-shield > 

Wiper-

Light 
source 
(Point) 

0//0Vo 
A.0 

tt, 

'Plano it \ 
convex; / PJ-22 
lenses' Photo tube 

Wiper 

 Smoke 

Smoke-

6/a ss dust-shield 

Voltage divider 

/50 V 
- DC 

From rectifier 

Zero 
aa:jUs t men, 
Ame,near meter 

__,  

Fig. i8 SCHEMATIC DIAGRAM OF A 
SMOKE DENSITY RECORDER. 

exposed is heavily laden with carbon, oil, and gasoline fumes. In 
some cases the units were set about 80 feet apart giving a total beam 
length of 160 feet. 

The system operates as follows: With no smoke interposed between the 
lens system and mirror system, a fixed amount of light reaches the 
photoelectric tube which keeps the grid positive with respect to the 
cathode allowing the plate current to assume a hign value. When 
smoke is carried by the forced draft through the llghi.1 beam the light 
is diffused depending upon the density of the smoke. The decreased 
light on the phototube causes the potential of the grid to become 
more negative and thus cause a decrease in plate current. This cur-
rent is brought to the main supervisory control room and a graph is 
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made on a recording milliameter. A device also made by the Westing-
house Electric and Manufacturing Company.for indicating the density 
of smoke makes use of a combination photocell and amplifier. 

The unit is placed in a metal box and is mounted at the end of a small 
pipe, the end of which opens into one side of a chimney. On the 
other side of the chimney a lamp is placed so that its rays are di-
rected toward the photocell at the end of the pipe. Thus the rays 
from the lamp first traverse the smoke in the chimney, then the small 
pipe, and finally reach the photocell where any change in the smoky 
medium through which the light rays pass will be recorded and am-
plified. The output of the amplifier tube is connected to a recorder 
upon which is kept an accurate record of the smoke density over a 
period of time. The color of flue gases in a chimney is indicative, 
to a certain extent, of the quality of combustion in the furnace. 

When a chimney emits gases of a dark color it is usually an indica-
tion that the fire is poor. A similar device is used in the Holland 
Automobile Tunnel which connects New York City and Jersey City. The 
gas fumes given off by automobiles in this tunnel are measured so 
that the proper ventilation may be maintained to prevent injury to 
health. 

COLOR 
COMARISON BOX 

INDICATING 
METER', 

AMPLIFIERFI  ;, 

CONSTANT LIGHT 
SOURCE %. LENS 

PHOTOELECTRIC CELL 

Fig. 19 me, ILLUSTRATING THE GENERAL PLAN OF A 
PHOTOELECTRIC COMPARATOR FOR COLOR MATCHING. 

PHOTOELECTRIC CELLS FOR MATCHING COLOR. The photocell may be used in 
various practical ways for the measurement of different qualities 
and intensities of light much more accurately than can be accomplish-
ed by the eye. This is particularly useful for matching colors. 

Figure 19 shows in general how a phototube P, is connected through 
an amplifier to a meter to indicate any change in color at M. The 
meter is placed in the plate circuit of the amplifier to provide the 
indication. A constant source of light S is caused to pass through 
a lens L and is reflected from any material M whose color is to be 
compared with that of the standard color glass at Q. If the color 
of the substance at M is identical with that of the glass at Q no 
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variation will be recorded by the photocell P, and therefore there 
will be no fluctuation of the indicating meter. The entire unit is 
made of a light proof material. Color filters may be used to match 
colors at various points in the spectrum. 1r, however, the color 
glass Q is omitted there will be an indication on the meter as the 
photocell responds to the particular color frequency to which it is 
sensitive. 

Photoelectric 
controller-

Standard ce11 
oil bath 

Fig. o- VIEW OF INSTALLATION USED FOR 
MAINTAINING CONSTANT TEMPERATURE. 

A PRECISION PHOTOELECTRIC CONTROLLER  

The rapid striaes made in the design and efficiency of electron tubes 
in the last few years has produced many ultra-psensitive instruments 
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Fig. 21 - DIAGRAM OF CONNECTIONS FOR 

PHOTOELECTRIC CONTROLLER. 

used in the measurement of both electrical and non-electrical quanti-
ties. One example is the photoelectric controller, shown in Figure 
20, developed by the General Electric Co. for maintaining the stand-
ard cell oil bath at constant temperature: the oil bath is in the 
tank at the left. The schematic diagram of the controller is shown 
in Figure 21. In brief the equipment operates as follows: The basic 
instrument is connected across the balance points of a Wheatstone 
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bridge consisting of copper and manganin resistance immersed in the 
oil bath. The bridge is adjusted to balance at 25 ° C. and will be-
come unbalanced at other temperatures because of the difference in 
the temperature coefficient of opposite resistance arms. The il-
lumination on the phototubes will become unbalanced when an unbalance 
in the bridge deflects the basic instrument. The unbalancing of the 
illumination on the phototubes sets up a potential which is amplified 
and applied to the grids of the thyratrons which in turn regulate the 
value of the heating current passing through resistors placed in the 
oil bath. The heating effect of the control current is continuously 
balanced against the cooling effect of water which circulates in the 
oil bath. 

EXAMINATION QUESTIONS  

1. What is the principal advantage of the caesium type phototube 
over the selenium cell? 

2. What is the principal disadvantage of any phototube compared to 
the selenium cell? 

3. What is the chief requirement of the load connected to a photo-
tube? 

4. What effect on the above is caused by a small capacity in shunt 
to the load? 

5. Describe the structural form of phototubes most used in sound 
pictures. 

6. ( a) What is the advantage of a gas filled phototube over the 
vacuum type? 

(b) What is the disadvantage? 

7. How may the gas filled phototube be protected? 

8. Why does the photo-voltaic cell not require a battery? 

9. Explain simply how a smoke density indicating device works. 

10. Name two inventions in which a transfer is accomplished in 
opposite directions between radiant energy and electrons. 
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NEW YORK 

'FICE OF THE 

RESIDENT 

Dear Sir: 

In presenting you this copy of its catalogue, R.C.A. INSTITUTES 

extends its well wishes for your future. 

During the twenty-four years of our existence as a radio training 
school we have watched the progress of many men, like yourself, with 
an interest in radio. Many of them have studied in this school. In 
the earlier years they came because it was the only radio school; more 
recently, in most cases, because of our connection with the radio 
industry, which carries with it a source of knowledge of late radio 
developments and an assurance of the best and most modern equipment. 

We have seen these men apply themselves with earnestness and ambition. 
As time went on, we have seen them leave with their diplomas, their 
training completed. It is a matter of pride with R.C.A. INSTITUTES 
how many of them have sent their friends or their employees to the 
school they attended. That, in itself, tells a story of our training 
facilities. It bespeaks, moreover, the confidence of the well trained 

man in the future of radio. 

It is to men like its former students that R.C.A. INSTITUTES addresses 
its present catalogue. We hope you are of this type - ambitious and 
confident of the ultimate future of the radio industry. Confidence in 
the progressive development of radio in its various branches is a real 
help in acquiring knowledge of its technique and practice. It is 
incumbent upon us to uphold the prime purpose of R.C.A. INSTITUTES - 
providing thoroughly trained personnel to carry on the work of the 
industry, of which R.C.A. INSTITUTES has long been recognized as an 
important integral part. We promise no easy jump to success and are 
not seeking students who expect one. The students we are looking for 
are those who recognize the difficulties success in any line entails 
and the large part proper preparation plays in it. We make no 

promises as to employment. 

We invite you to visit us and inspect our instruction facilities with-
out obligation. Should you decide to enroll, we shall be glad to 
welcome you as a student. If it is inconvenient for you to attend our 
day or evening classes, there is an excellent flexible system for home 
study, several new features of which are described in the Home Study 

section of this catalogue. 

Cordially yours, 

a ch. o Corp oraban 
ofirnericaSubsialiary 

e 

President 
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ftEsIDENT 
shoot Courses 

T
HE Resident School courses offered by the 
R.C.A. Institutes cover practically every 
branch of radio. There are elementary courses 

for the beginner as well as more difficult work for 
the advanced student. Instruction in Radio Broad-
casting, Radio Operating, Aviation Radio, Radio 
Service work, Advanced Radio Service, Sound 
Motion Pictures and Public Address work are now 
being offered. 

THE RADIO BROADCASTING COURSE offers 
complete training in every detail of broadcasting from 
the studio to the transmitter. It is the most complete 
course on the subject ever offered, and was made 
possible only by the co-operation of some of the 
broadcasting stations, two of the largest operating 
groups and the foremost manufacturers of broad-
casting equipment. This course prepares for a radio-
telephone operator's license examination. 

THE RADIO OPERATING COURSE prepares 
a student for a Second or Third Class Radiotelegraph 
Operator's License Examination. Complete training 
in code, technical equipment, as well as necessary 
radio laws are part of this course. The Radio Operat-
ing Course is given in both Resident Schools. The 
instruction given in the Aviation Radio part of this 
course covers every detail of aviation radio equip-
ment for both ground and plane use. Instruction is 
also given in aerology and avigation for the radioman. 

T II E RADIO SERVICE COURSE offers com-
plete training in servicing of radio receivers and other 
home entertainment equipment and is designed Io 
train a man so that he may go out into the field as a 
radio serviceman. This course is given in all Resident 
Schools. 

rrilE ADVANCED RADIO SERVICE COURSE 
provides an intensive training in advanced radio 
service. Factory testing methods as well as testing 
metbotk and equipment employed in some of the 
larger spr‘icfi laboratories. This course provides the 
necessary Iraining to fit a man to take charge of a 
large service organization. 

I4, SOI;\ I) ( ;01 ()fliers complvle training 
in the installalion and mainlenance of Sound (quip-
!win, in Iiicalrcs and oliwr places where such equip-
tnenI might, be Hip installal ion and wain-
Ifinance or public addrpss systems is also covered. 

couridi gi \pli III Ihr N,r4.‘‘ York and ( iihirago 
Schools, 

LOCATION OF RESIDENT SCHOOLS 

-fief ACH school of the R.C.A. Institutes is conveniently 
1.44 located with regard to transit facilities. Comfortable 
living rooms are obtainable in nice locations at the usual 
low big-city rates. Many students choose to live in the smaller 
near-by cities and towns. In New York members of the staff 
of the Institutes commute from New Jersey, Connecticut, 
Long Island and places north of the city, the year around. 

The New York school is conveniently reached from any 
section .of Manhattan, Bronx, Brooklyn, Queens or points 

in New Jersey. 

The Canal Street station of the Seventh Avenue subway 
is within a few feet of the entrances to the building. The 
Grand Street station of the Sixth Avenue elevated railroad, 
and the Desbrosses Street express station of the Ninth Avenue 
line, are within three short blocks. Crosstown surface cars 
pass the building. A station of the new Eighth Avenue sub-
way is a short block away. The entrance to the vehicular 
tunnel to New Jersey is across Holland Plaza, while the exit 
is on the opposite side of Canal Street. 

In Chicago the school is oñ ihe eleventh floor, northwest 
section, of the famous Merchandise Mart at 222 North Bank 
Drive, close to and overlooking the junction of the Chicago 
rivers. The Merchandise Mart station of the elevated rail-
road is entered direct from the building. This line connects 
with all electric lines to Northern Illinois. Surface cars pass 
the door and it is but a minute's walk to the center of the 
loop district. The building is noted for the unusual amount 
of sunlight flooding all floors and for its modern " air con-

It ionings' system. 

PERTINENT INFORMATION ABOUT 
RESIDENT SCHOOL COURSES 
classes are in session morning and afternoon, except 

  Spturdays incl holidays. Evening classes are in session 
on scheduled days, Saturdays and holidays excepted. 

Classes are ronduchid throughout the entire year. The 
B.C.A. Institutes ( 14 HIS 114 ) t 4:usimilid classes for summer \ ora-
tion. Dalfb,-; on which nr\s, rla4:sti‘; r(Itivene ill be fnlind in Ow 
;lass obtainable upon ro(inost from nearest ( 11(H )I 

IL( • 1. Institubis rcser‘4% the right 14) nbjrct any : Ip)litioni 
and lo) exp(l on> .1 Itilvnt \\ hi) does not, maintain the proper 
interest in his studies. I .( . I n.1 it ut PM al%“) reer\ e‘4 the right 
to change, without nfflicp, luitiun fees, iiNtruct Ht. 
elas44‘(hedules. 

Tuition ffit.,4, or ii ti pf)rtigai P1 fí 15 in Ill) 
rrlurnvil. Thi% n(1\11111 4' )1lynivrit, 114)wv‘vr. iii 1,4% rpfun dtbd 
tilt, application l not : 1(1.1,)I(91 or 1 114b fi nrullinvnt i4 III bt Cow 
1111 11141. 
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i his caialog. The student thus obtains a thorough 
general knowledge and wicier perspective of t lie radio 
industry as a whole. In addition, he receives Karl irai 
and complete training in each of the bask specialized 
branches of the ail lie is, therefore. not, limited to 
one particular field of endeavor, but is in a position to 
(6110()Se intelligent I> I he field which he wishes to 
follow as U career. He also possesses t he diversified 
training necessary if) take immediate advantage of 
1)11)00 unities in related holds as t he> arise. 
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RESIDENT SCHOOL 

ADIQ roacicastiny 
r , 0 EXCEL in performance is the paramount 

desire among the various broadcasting stations 
r 

and systems. Utmost efforts are exercised to 
retain public interest and approval. As a result the 
directors of radio broadcasting have long been striv-
ing to raise their program presentations to the high-
est plane. At the same time experts are busy with 
problems of modulation, monitoring and transmis-
sion. All proposals promising improvement are in-
vestigated. And in t he general progress of raising i hr 
art to the highest standard, the personnel, as well, 
is included. 

It is recognized, and logically so, that if standards 
of broadcasting are to be elevated and maintained 
at the highest level, there must be provision for 
educating and actual training of the personnel. With 
the advent of Television and other innovations in 
t he offing, there should be a need for trained men 
to operate broadcasting station apparatus. 
This training must be along approved lines and 

it must have the actual indorsement of those ex-
perienced in the art so as to assure incorporation of 
their ideals. 

Instruction courses formulated from the angle of 
only one or two individual stations, without con-
sidering the larger broadcasting systems or the art 
as a whole, are likely to confuse the si udent and re-
tard progress in the broadcasting field. 
With these predominating thoughts, executives, 

engineers and technicians of NBC (National Broad-
casting Company), CBS 
(Columbia Broadcasting 
System), WOR (The 
Bamberger Broadcasting 
Service), WGY (General 
Electric Company), 
KDKA (West inghouse 
Electric and Manufac-
turing Co.) and other 
stations throughout the 
country, have assisted 
in the compilation of the 
R.C.A. Institutes Radio 
Broadcasting Course. In 
addition the manufac-
turers of equipment used 
in broadcasting, includ-
ing RCA Victor Co., Inc., 
and Western Electric 
Company, have co-
operated with informa-
tion on the use of their 
apparatus. 
The value of the 

R.C.A. Institutes Course 
in Radio Broadcasting 
can well be appreciated 
from the standpoint of 
its authentic compila-

• 

tion, and extension to apply to current develop-
ments. To travel along with the developments in 
the art requires direct contact • with laboratory 
design of apparat us and advanced practice in its use 
in the field. B.C. ‘. 1 nstitutes is in a position to 
maintain this cont act, and revises its courses to 
includè instruction about, new developments as 
rapidly as they occur. 

This Radio Broadcasting Course was originally 
compiled solely for instruction of the employed 
personnel of the various broadcasting companies. 
It, therefore, reflects the ideals of the established 
broadcasting organizations. 

It was immediately realized. however, that limita-
tion of enrollment for the course to present broad-
casting stations' personnel would not take care of 
the future. It was believed that as time goes on the 
need for trained men would increase. For this reason 
it was decided to accept applications for the course 
from young men showing aptitude for broadcasting 
work who submit acceptable qualifications. 
Now a word about the outline of the R.C.A. 

Institutes Course in Broadcasting. We believe this 
is by far the most comprehensive course in Radio 
Broadcasting ever attempted by any school. Ex-
tensive training is given in the operation, mainte-
nance and repair of broadcasting studio control 
room equipment as well as broadcasting transmitters. 

Sinre t his course prepares a student for a position 
with any broadcasting system, it is essential that the 

student have a training 
in code, the reason for 

Students are given instruction in the maintenance and opera tiou of 
broadcasting equipment 

this being that a great 
deal of the interdepart-
mental communications 
are carried on by tele-
graph. The student in 
ffft,his course is, therefore, 
required to attain a speed 
of at least fifteen (15) 
words per minute for 
graduation. 

This training in code 
is of special importance 
when a man becomes a 
member of the field group 
or remote crew. Very 
often his only method of 
communication back to 
the studios is by means 
of telegraph. The use of 
short wave transmitters 
is becoming of great im-
portance in remote pick-
ups, and a knowledge of 
code in the operation of 
these units is highly de-
sirable. 
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TECHNICAL 
SUBJECTS 

r 11 1114: folloming sub_ 
jecis are covered in 

the technical section of 
t he cou Ise : Eke Iron 
Iteor , law, 

pm% er and energy, pri-
mary and storage cells, 
magnetism, electromag-
Ile tic induction, DC 
III( )I DC generators, 
DC meters, AC theory, 
AC circuits, trans-
formers, AC motors, the 
decibel, impedance 
matching, filters, attenu-
a tors and volume con-
trols, vacuum tubes, 
amplifier theory, photo-
electric cells, physics of 
sound, acoustics, broad-
cast studios, microphones 
and microphone place-
ment, mixer panels, audio 
amplifiers, volume indi-
cators, monitor equip-
ment, relays and control 
circuits, characteristics 
of telephone lines, 
necessity of impedance 
matching, audio oscilla-
tors, making frequency 
runs, equalizer and line equalization, pads, filters and 
networks, remote pick-ups, studio and control room 
power supply, electrical transcription equipment, 
and disc recording, handling chain programs, con-
trol room design for multiple studio, standard 
commercial control equipment, transmitter power 
supply, motors, generators and control equipment, 
high voltage rectifiers, filter equipment, quartz 
crystal, crystal oscillators and temperature control 
units, buffer amplifiers, intermediate power ampli-
fiers, modulation systems, modulator tubes and char-
acteristics, modulated power amplifiers, linear power 
amplifiers, standard broadcasting transmitters and 
their operation, short weave broadcasting transmitters, 
television transmitters, antenna coupling systems, 
antennas, harmonic elimination, RF measurements, 
oscillographs and oscilloscopes, water supply and 
cooling systems, synchronizing methods, station man-
agement, Federal Radio Commission regulations, 
International Radio Convention and Radio Acts of 
the United States. 

Persons desiring to take this course should have 
had at least two years of academic or scientific high 
school work or its equivalent. Some musical training 
is desirable, büt not absolutely necessary. 

f 

Proper installation of microphones r 
dents are given this training in the 

equires technical training—stu-
Radio Broadcasting Course 

studrIi I is given 
information and 11114or> 
in,A1.11(.1ion in I hir proper 
mainienanct• and opera-
tion of slanilard 1r sal 
casting equipmiènt 
4.‘isl today. lie is given 
actual practice in control 
room work and the moni-
toring of programs liy 
being required to act 
control 4 )11Cnitur in till' 

tudio. Insp(betion trips 
are arranged for I he si u-
dents to visit the studios 
of the National Broad-
casting Company, Co-
lumbia Broadcasting 
System and other sta-
tions, as well as to vie‘% 
some of the larger broad-
casiing transmitters in 

ual operation. Ti  
udent is also made fa-

miliar with some of t 
problems that arise in 
dealing with artists, pro-
gram arrangement and 
other things which W0111(1 
be of considerable impor-
tance were he to become 
manager of a broadcast-
ing station. 

The school is equipped with a broadcasting studio, 
control room, and standard broadcasting control 
equipment. The instructors have had years of experi-
ence in teaching students the practical phase of 
Radio Broadcasting. This met hod of instruction com-
bined with the actual operation, adjustment and as-
sembling of transmitting and monitoring apparatus 
provides the student with the theory and technique 
of present-day Radio Broadcasting Stations. 

LENGTH OF COURSE 

/‘.BOUT 7 months in the day classes, and 14 
months in the evening classes are required for 

the completion of the Radio Broadcasting Course. 

TUITION FEE 

THE tuition fee is 310, payable $10 per week for 
day classes, or $6 per week for evening classes. 

Ten per cent discount will be allowed when the full 
tuition fee is paid in advance. An advance payment of 
$10 is required at the time of enrollment, and $20 of 
the tuition fee is payable when the class begins. 

• 

Broadcasting activities hold a fascination from every angle. The technical niait who sets a microphone 
on top of a hall building or at a point of vantage for the broadcasting of an exciting event, finds satisfaction 
in an accomplishment that results in perfect operation, and he shares the thrills of the listening public. 
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RESIDENT SCHOOL  

minci Course 
INCLUDING HOME TALKIES AND FUNDAMENTALS OF TELEVISION 

[FOR EXTENSION COURSE SEE PAGE 123 

-1HE day of the talking movie is here and many 
trained men have been employed in this new 

- field of opportunity. Educational institutions 
are beginning to utilize sound equipment on a 
broad scale. Grade schools, high schools, colleges 
and private schools greatly outnumber theatres, 
and this phase of development has been barely 
touched. 
The Sound Course not only teaches the student 

how to install and service modern sound apparatus, 
but it also covers the principles of sound and light 
subjects. Knowledge of 
these subjects will enable 
the student to take ad-
vantage of the oppor-
tunities in Acoustical 
Correction Engineering, 
Public Address Systems, 
Television and allied 
fields. 
This course has been 

prepared with the idea 
in mind that the student 
is a beginner, hence no 
previous training in elec-
tricity or radio is required. 
During the first part 

of the course the student 
is given a thorough train-
ing in the elements of 
electricity, principles of 
amplifiers, characteristics 
of vacuum tubes and 
photo-electric cells. 

This preliminary work 
enables the student to 
readily assimilate the 
instruction given in the 
second part of the course 
where theory and prac-
tice go hand in hand in 
studying practical labo-
ratory work on all standard types of sound motion 
picture and public address equipment. 

Persons desiring to take this course should ha\ ( 1 

This course provides a most excellent back-
ground for those wishing to specialize in tele-
vision. 
Due to the increased use of photo-electric 

equipment in industrial work a special section 
of the course is devoted to this subject, taking 
up such applications as elevator control, door 
openers, counting, matching, assorting, etc. 

had two years of academic or scientific high school 
work or its equivalent. 

LABORATORY EQUIPMENT 
rr FIE laboratory equipment consists of an acous-

tically treated auditorium completely equipped 
with modern sound screen and sound projectors as 
well as various types of RCA Photophone and 
Western Electric sound equipment; Portable sound 
equipment, Recording Amplifiers, Microphones, and 

Sound-on-Disc Record-
ing equipment. 

Students learn by working on standard apparatus 

• 

LENGTH OF 
COURSE 

SIX months in the day 
classes and forty 

weeks in the evening 
classes are required for 
the completion of the 
Sound Course. 
Applicants for the 

Sound Course may inter-
view one of the Institutes' 
instructors before enroll-
ing. An appointment for 
interview is not neces-
sary. The Institute's of-
fices are open daily and 
evenings except Satur-
days, Sundays and Holi-
days. 

Class schedules may be 
obtained by writing to 
the nearest school, and 
individuals cont euh plat-
jug enrollment should 
register early as the 
classes are limited in size. 

SUBJECTS COVERED 
( ( ',S -Acoustics of Ilea t re‘; and Sound St ag, 

\iv' hods of Nleasuring and Calculating Ile\-crhcration 
(1,()rni(tion of irai 1)efeck. 

I'll SICS OF LIGHT Lit.livnil 111(4)11> ()f Light, Optic 
including Principle of I Ainses, Pri.ms, and litsIlectors; 
Principles of Photography including Color Photograph, . 

NuyrioN PI( ( Thab.r> piet111., 
camenN and \lotion Picture Project()rs, including a tuil‘ 
of ronumbrcial form ,: and component parts. 

\10'. I NW \l I( IAN ISNIS General I'11('()I'\ I111(1> 
1,u‘s Reflector r pt.. lligh-low Intvtisit›, ; Ind 
I ligh Inttqisi I I ulllIN Nlvilii)fr, 4 ef Feeding Carbon; ‘ re 
I Amu) Supply. 

Ilf 
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I WING or SOUÍNI) General Ginsiderations Fre-
quency, Amplitude, and Sitrface Noise Limitations; Disc 
Itecording—I 1ecording Nlectianistns, liecord '1140(4111k, 
Itecord Processing, 1\ ithh Itange Recording: Itecord-
ing, Variable Area, Variable Density Light ( ; ate, ; triable 
Density Glow I,ffnip; Noiseless Recording ; iliplied 
P11( 11 ot abo‘e systems, I ligh Fidelity Photophone liecord-
ing; Typical liecording Layouts -Sound Stage. Micro-
phone ereclutique, Sound-Recording Channel, Preliniinar> 
or Booster Amplifier, Volume Control Panel, Main Ampli-
fier, Bridging Amplifiers, Portable Equipment Newsreel, 
Nlotor Systems—Synchronous Motor System, Interlocking 
Motor System, Non-interlocking System. 

ilEPRODUCT1ON OF SOUND Them.> of Photo-electric 

Receiving instruction on adjustment and operation of Sound N1()tion Picture Apparatus 

cell, Photo-electric cell coupling Devices, Optical Systems, 
Exciter Lamps, Methods of obtaining Constant Film Speed, 
Study of Various Sound Heads, General Study of Repro-
ducing Equipment. 

THEATRE LAYOUT AND INSTALLATION General 
Theatre Construction, Architecture, Stage and Booth Lay-
out; Electrical Specifications and Construction; General 
Method of Installation of Equipment. 

LOUDSPEAKERS AND PICKUPS Theory of Pick-ups; 
Study of Various Types; Frequency and Mechanical Im-
pedance Characteristics; Theory of Loudspeakers, Motor 
Units, Diaphragms, Horns; Features of Design of Motor 

'nil DiJspitragm, mul I lortt,.; l'retittenr> Clusracterislic: 
Installat ion ¡Ind ( 1,iiuglI)eaker ; 114.thinis (de 
Coupling Loutispvisktbrs \ lib) TriatiA.ut'itubt• 
Coupling and Iniptbdance \ latching. 

Sli:liV1(:ING '11()T1()N 

1 
T(.Sting. of Analysis „1. , fi.imis sound N11)11.1)11 

1.3111111°V 1414111i1)1111`111, .1111111iling 1() min.; liniquvricy 
Characteristie. 

PUBLIC A 1)1 ) 1 t ESS \ND PliOU t 111 I) ISTIt I BUTION 
SYSTEN1S -Choice of Proptsr Size 11:quipinvitt for In-
stallation; NIirrophone Stations; \limb!' Ci Wind Panels; 
Anplifiers; Lotiiispbaker Banks; InduNtrial 1pplivations of 
Photo-eleet ( :ells. 

ji'( ) I I PM E A Iii. NT -S01111(1 'kid \ 11:11N11111 61118; S1 .1.1 ¡ring ;1111 

TUITION FEE 

THE tuition fee for the Sound Course is $226, 
payable $10 per week for day classes, or $6 per 

week for evening classes. Ten per cent discount will 
be allowed when the full tuition fee is paid in ad-
vance. An advance payment of $10 is required at the 
time of enrollment, and $20 of the tuition fee is 
payable when the class begins. 
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RESIDENT SCHOOL 

[FOR EXTENSION COURSE SEE PAGE 15) 

HIS course is one designed to train men in 
the theory of operation, maintenance and re-
pair of Broadcasting Receivers, their associated 

accessories and equipment. It is a course for anyone 
interested in radio receiving apparatus including 
those who are already engaged in the radio industry. 
Radio dealers, distributors and men in service shops 
will find it especially helpful. Advertisers and sales-
men will be better equipped and more successful in 
their own chosen lines of endeavor in this branch of the 
radio industry with the training this course provides. 
No previous knowledge of radio, electricity, or 

mechanics is required for registration in this course. 

CE 

The laboratory is also equipped with standard 
and modern types of test equipment, which includes 
set analyzers, meters, broadcast and intermediate 
frequency test oscillators, tube checkers both 
counter and laboratory types beat frequency oscil-
lators, ohmmeter and capacity meters, etc. These 
are all available for student instruction and use. 
The Institutes does not, however, supply students 

with small tools, and each student must supply him-
self with the necessary screw drivers, pliers, etc., 
which are necessary for service work. 
Note—All students are held responsible for the 

return in good condition of all testing equipment 

111111LORIPPi I IF' umummummur- fanisampwr 
The student receives instructiim in 111c proper use of met. analyzers 

Thorough training is given in the theory and prac-
tice of radio receiving circuits, from the funda-
mental principles to actual practical testing, trouble 
shooting, repair and shop work. This course trains 
the student to qualify as a radio serviceman. 

LABORATORY EQUIPMENT 

rill E R.C.A. Insi i Lutes' Receiver service Labora-
1 tory is one of the most completely equipped 

la boraLories of i ts kind in I he country. The equipment 
111SiS1 S of a large number of modern battery, A.C. 

(Ind I ). c. optirabid brondca,l, rprfik ( 1l's, shoo wave 
(qes i police alarm receivers, au Lom(A)ile receiv-

ers, all products of well-known standard Inanufac-
hirers, together with numerous types of reproducing 
and recording devices and record changers. All Of I Ilk 
apparal us is used for t he sile purpose of ir ist rucl ing 
students in mainienance. trouble ¡fig 
and repair 

requisitioned Lo them for laboratory work during 
the course. 

SUBJECTS TAUGHT 
I A1UN1)A ENTAI 4S ( di vivo licit ; batteries and bat ter> 

chargers; magnetism and electromagnetism; alb‘rnatinir 
current; transformers; sf 1und. filertrostatic and magnetic 
propagation; N41(1111111 1111)4'•A: !lath(I fit'41(1Inbfle> audio frequenc> ; 
po%ser supply systems; speakers; testing equipm('nt. 

LENGTH OF COURSE 
/ e)( -11 l 1111)111 114 in thy ¿ Iii > i'Ll ,stbs and •,i\ 1114 tit 

I fi I14% III \ rimi 11 ng ( binp.„.%- .*• an % I I i 111 I for the completion or 
Iliti Ser\ 14 ' 4' 1,11111'›Nl`. 

TUITION FEE 
r I 1 1 Ira ('41e is 59 1, fra>able s7 pur %% 111%‘  ri ,r gi ll> 

or s I per %seek Ii II' vning chisses 10 per cent discount 
111% and IS ('( I 1%11111 ! hi' full tuition k paid in ad ;met ,. 

1111S%ql. 

\il ;i d \ ¡ i 1141' p. 1\1111.10 Id sin rtiquinid lit till' rune or en-
rollinvill, mid 1111' 111 .0 .14M (111% VI\ hi'll t he chi..., 
begins. 
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C/Üa ceci Serdt 

1 r 1IIK ad\anced course has been inaugurated 
as a result, of actual demand in the form of 

requests from servicemen and mechanics in 
the field who have good fundamental training and 
who have been engaged as technicians for some time. 
It is their desire to advance themselves by keeping 
pace with the latest developments. They also desire 
to equip themselves with service knowledge for the 
new innovations of sound and home " talkie" equip-
ment and television receivers, centralized Radio and 
multiple set antenna installations. 
Former graduates of this and other schoois have 

also made requests for instruct ion covering develop-
ments made since their graduation. 

( ; raduat es of I Iii course have Hie abilil to per-
fi nin work of a more advanced nai ure than I hat of 

Students receiving instruction in repair and adjustment of various types of receivers 

the average service man or technician. This type of 
radio man is in the minority at present. 

In every line of endeavor there is a group of suc-
cessful people who are always forging ahead who 
advance themselves by training and foresight. It is 
to such men that this course appeals. The course is 
particularly a means for that group in the radio 
field, who hase already a foothold in the form of 
knowledge and experience, but who desire to equip 
themselves for bigger and better jobs or to advance 
their own business to greater success. 
Requirements for admission to the course are a 

Graduation from the regular Service Course, or by 
examination covering equivalent work. 

( '() nsiderable Cline ill I his 11 i> gi% (bis 41\ VI' If) 

I Tillkit'S and 11 ,4 1.111141111114•111k i1 Ide T4•10\ NIuIi 

well as publics; address and sound system. 
This course is given only in the New York (. 1lool. 

LABORATORY EQUIPMENT 
r1 1 1114. laboratory for this ciffirst• is utiuippill II 

ostbillographs, special factory ifbi isquipmeni for 
both receivers and vacuum tubes, precision measur-
ing devices and various typis of met( is. 

SUBJECTS COVERED 

Jhi E\ I EW f fundamentak; ni(bif6N; bridge cir-
cuits and iests,e tubes; radio re(seiver (b.rcuits; 

diagnosis of receiver Iroubles; arum,' tube fat-

meter; oscillators; niuliiple antenna systems; ound 
systems; interference and its elimination; light, 
movies and fundamentals of television. 

LENGTH OF COURSE 

MHREE monihs' time is required in Ow evening 
1 classes for Hub completion of the Advanced 

Service Course. 

TUITION FEE 

91HE tuition fee is $60, payable $4 per week for 
1 the evening classes. 10 per cent discount will be 

alloNs ed when the full tuition is paid in advance. 

PAGE EIGHT 



RESIDENT SCHOOL COMMERCIAL 

QPEftAT 
INCLUDING MARINE, AVIATION AND POLICE RADIO 

[FOR EXTENSION COURSE SEE PAGE 13) 

MARINE RADIO OPERATING 
HE Commercial Radio Operating Course will 
train the student to take the Department of 
Commerce examination for a Commercial 

Radio Operator's license, second class. This license 
permits the operator to work radio aboard ship, 
coastal stations, aviation and police radio ground 
and mobile stations. Holders of radiotelegraph oper-
ator licenses of the first, second and third class may 
qualify to operate radiotelephone stations by passing 
the regular radiotelephone operator examination of 
the class desired and having their licenses so indorsed. 

Receiving and transcribing commercial traffic messages 

Practical instruction is given in radio telegraphy 
beginning at the slowest speeds for beginners and 
gradually working up to a point of efficiency where 
actual inter-communication, comparable with that 
of present marine radio work is attained. This in-
struction is made possible by our excellent facilities, 
enabling students to simulate actual procedure and 
conditions in handling traffic found at sea. 

In addition a " Radio Room" is maintained where 
students have the opportunity of " listening-in" on 
ship and coastal stations. The apparatus consists of 
short, medium and long wave receivers, making it 
possible for the student " tuning-in" to cover a 
range of from 17 to 20,000 meters and distances up 
to 3,000 miles in daylight. 

NG 

SUBJECTS COVERED 

EVERY phase in connection with Marine Oper-
  ating is thoroughly taught, such as Methods 
of Abstracting and Accounting of Radiograms, Dis-
patching of Messages, Radio Laws and Regulations, 
Radio Bearings, Domestic and International Rates, 
Official Log reports, etc. All these subjects are covered 
in a systematic and efficient manner by instructors 
who have had years of experience and understand 
the importance of practical training. 

CODE INSTRUCTION 
rriliERE are five code classes. In Class Number One the 
1 student learns how to transmit and receive the Con-
tinental Morse or " Radio" code up to 5 words per minute; 
Code Class Number Two qualifies him to receive up to 9 
words per minute; Code Class Number Three from 9 to 14 
words per minute; Code Class Number Four from 14 to 18 
words per minute and Code Class Number Five qualifies the 
student to receive and transmit 22 words per minute with 
accuracy. 
The code and technical classes supplement each other and 

are so conducted as to enable the student to complete both 
subjects at the same time. 

TECHNICAL INSTRUCTION 
MHE technical instruction is divided into two sections. The 
1 first section covers general electrical and radio theory and 
the second section covers the theory and practice of com-
mercial transmitters, receivers, direction finders, etc. 
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Tlw •Ntibit.t•IN t)%1.1.t.(1 in the firlt if the technical 

¿UV its fullt)Ws: Shtiic Thvury 

1b16 Elt`telticily Sinliblv PU1'-
41114'1 Prilnin> St4condin) 

t'011111glit'l ic I ntillut loll V( ÁNlotors Trans-
formers Inductance ( :apacitance Itesonance \\lave Ilrop-
ligation - Developmen1 of the Vacuum Tube The Vacuum 
'ruin, as an Amplifier Grid and Plate Itectilication The 
Vacuum Tube as un Oscillator It. 11'. Amplitiers—()scillation 
('.01111.01--Screen Gritl Tubes A. 11'. .‘ mplitiers —The Super-
heterodyne Receiver. 

Tlie subjects ( hovered in the second ›,ection of the course 
include 'fransinitters, Receivers and 1)irection Finders of 
various types awl their integral units. 
Some of OW SlIbitbrIS in liVilitiOn art': l'ildio aids h) 

blind tlyintr; bonding the airplane; weather reporting 1)› 
radio; shieleiling ignition systems of airplane motors; airplane 
dispatching ill Filth(); WtiVenWhèl's anti 111)(4111( 611( 6>' 1111)11iforing 

ot111 .11)itiunt; mtiltborolgy for mintiun riatli() optbrittur-, 

GOVERNMENT EXAMINATIONS 

gg)‘ el -11111i iii II i 141111 ill11%%. iii r I I le rt It ' Fill 

11;1(1 .1() :‘, 111111k,,imi ; a raditi 

UI1i('(' I liroughoul, llii• .4)11111 l'y which, aiming theil 
ot her dill if&s, examints ; ill applicants fin. raw° oper-
ator's lict,1144. 

Applicant fur operator's li(.viistas are examined fol 
I heir abili I y t) transmit ;Hid receive the t elegraph 
eudv, and knowledge of' technical subjecis, the per-
centages for which are given as follows: 

Comphbte diagrams uf  a ship's radio in-
stallation  

Transmit ting Apparatus... 
o 

 Animmumminunigr- 'MU 

The code room where students acquire the speed and accuracy in sending and receiving code messages necessary to obtain a Government 'grouse 

LABORATORY INSTRUCTION 

TLIE laboratory is equipped w ith various types of 
1 marine transmitters including standard 2 K.W. 
spark, 25 watt emergency tube set. 200 watt CW, 
1CW tran›mii fur. 500 watt self rectifying trans-
mitter, 750 watt intermediate and long wave CW 
ICW transmitter and 2 K.W. arc, two direction 
finders as well as an aviation beacon, communication 
receiver and plane transmitter and various types of 
receivers which include short, intermediate and long 
wave models. 
Wavemeters, Measuring instruments, Motor Gen-

erators, Starting Boxes as well as various other 
pieces of accessory equipment are all a part of the 
complete laboratory equipment. 

This course is Open to all students of either sex who 
are over sixteen years of age and have grammar 
school education or its equivalent. Special knowledge 
of electricity, mechanics or higher mathematics is not 
required for admission. 

Students who are qualified may enter the course 
at any time after the course begins provided they can 
show satisfactory proof of previous training or expe-
rience in the subjects already covered. 

Receiving Apparatus   20% 
Motors and Generators  10% 
Storage Batteries   10% 
Radio Laws and Regulations . . . . . . ..   20% 
General Principles of Elect fi(ii .\   10% 

um% 

COMMERCIAL RADIO OPERATING 
COURSE CLASS SESSIONS 

I) \ ( lw,ses in Commercial Radio Operating are in session mornings and afternoons. 
Evening classes in Radio Operating are in session mi sched-

uled days, Saturdays and holidays excepted. 
Clase are conducted throughout the entire pain.. The 

R.C.A. Institutes do not sepend classes for summer a('at ions. 

TUITION FEE 
THE tuition fee for the lieident School Commercial ()per-

ating Course, which includes instruction for 26 weeks in the 
day classes, or 52 weeks in the evening cluses, is $210, pay-
able $8 per week for da-> classes, or ,'1;5 per week for evening 
classes. An advance payment of $10 is required at the time of 
enrollment, and $20 of the tuition fee is payable when the class 
begins. 
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é)xlensiort Courses 
IOr HOME 

HOME instruc-
tion by mail 
often obtains 

results where other 
methods fail. There 
are many reasons for 
this, chief among 
which is the fact that 
the student can con-
centrate on that part 
of a lesson which is 
difficult to under-
tand. If the student, 
has difficulty with 
some phase of the 
lesson at home he 
can review the sub-
ject until he is thor-
oughly familiar with 

The student may 
purchase equipment 
to provide the prac-
ical application of' 
I he le,,ons. 

1\Z.e•w ênrollment Plan,c4cPay 
As You Learn" 

THE most liberal and flexible ever offered an 
Extension Course student No obligation 

to complete the course selected, nor to pay for 
it in fulN4nstruction is furnished in Groups of 
LessonsYou receive lesson material and in-
struction service as you pay for each Group 
individuallr-,Each Course is offered for its 
practical value, and progress depends entirely 
upon the Student. 

The R.C.A. Institutes' Extension Courses are designed 
primarily for instruction and training of individuals alread y\ 
employed in the Electrical and Radio industries or in mer-
chandising the products of those industries. 

A pamphlet of the Bureau of Education, United 
States Department of the Interior. listing 73 in-
stitutions of college grade which give instruction by 
mail declares, " Home Study in universities and col-
leges is now a proven success." 

Pri ) become thoroughly familiar with a subject 
one must, work xviI h it,. It is not sufficient lo read 
arid siud> cell nin amount of practical work must 
be done as well. Many people believe that because 
I he know why a device works they can operate il 

H .C. 1. Institutes has available equipment in kit 
form for practical work which I he siudenI may pur-
chase ai special prices. 

In order Co serve I lie beginner in null() and I he 
man of experience ( filially well, three Extension 
Courses of irNinuclion have been prepared by the 

. I iNI il iii i. ' rho courses with the minimum 
Humber of lesson, in each are oullined below: 

›ound Cour,e 

Commercial io()peralitig 
Ser% 

p• / 

1).) ifions in Il g groups 
61 lossons in 1 0( 'iroups 
1() lessons in ( 

Extension Courses 
may be started at 
any time. Each course 
contains a thorough 
treatment of its sub-
ject. 

Every lesson pre-
sents a clear exposi-
tion of the subject 
with suitable illustra-
tionsforreadyassimi-
lation of the facts by 
the student. Exami-
nation questions at 
the end of the lesson 
have been selected to 
test the student's 
grasp of the subject 
so that he may be 
given help and advice 
if necessary. Exam-
ination papers are 
graded and returned 
to the student. 

PRACTICAL HELPS 

Flo\ 1SION has been made for answering care-
fully and promptly any queries students may 

ask on the various phases of their work. Students 
and graduates have used this department to good 
advantage after becoming engaged in commercial 
work and the resultant solution of many " stickers" 
has.often turned an apparent loss into a substantial 
profit. 
The essence of the Instit VS ' inst ruction is clarity. 

Complicated theories are not expounded in any 
course, and only such mathematics as tend to make 
clearer and simpler the various subjects taught are 
included in the instruction. The instruction is of a 
practical nature so that, with a small assortment of 
appbrai IN Ihe t he ir laugh( can In' readily applied. 

of Ihe I('551 ) 1I5 make use of charts to which 
Ihe sIndenI may refer f()I. convenience () I. rod' review. 

Nliich lime and needle; effort is Ihus saved for 
mop' producii‘e ‘N-ori%. Summaries are also included 
in conviiniunt form Nvlieniiver praclicable. 

FREE POST.GRADUATE COURSE 
Iii(I r il 11 .0 pi ll II bid hi a I \\ 4) ‘vistbks' -graduil ('our,( (large al i)nt% ()11 

0111' ( .ii()()k •ii. I ni‘vri illiiii I iinifb months aller complel mg t ension ;muse. 
it trispildrid 110 ibeiiiibiry furililieN. Students f non. mil of Howl! , r ' sl, i1,, r m.ri ofeeirllillitrilfli furls 

111111' Nri'llreti reeuvorittiole rithm, 



r\ioN lust. 

ommi,u ( 1A L sot ' N1 ) 1 (‘)( tipmLN it yo u mil \ I pi .\\I) I UJ UI( oirbir•,( 

10M1 I AI KIFS I IONII 101 01e1)1Nc Pt 1st 1( ADDIel SS N1II e\1 UI « )iwiNt 
AND 11U0ADCAS 1 IN( SI L ' 1)10s I list opY AND Ft 'NDA11/411 N I Al 01 1 1 1 1 Vlsio\ 

[I OR RESIDENT Si I 1001. ( 01 ties' l'I' I' \t II e } 

SOL \ 11 I ) I ii(' 1 t l le( 1 %% hit\ IS, ¡Uri% (11 and i a I.( 4 111)W 1 4 I di) 

1 i>lit id ¡ II t e ‘ t bry city and hamlet ihroughoui the 
country. To-( la the 1/4.ound motion picture in-

dustry requires a large %l air ( it' skilled technicians 
for the maintenance and nipair of 1)11n(1 picture 
apparatus. 

Practicallr every theatre requires at least h%() 
operators and in addition a trained ser\ ice man 
must be provided for territories where there are 
many t heat res, to diagnose trouble and to super\ i.e' 
repair Work. ‘s new theatres contract for sound 
equipment trained installation men are needed. 111 
addition, clubs, hospitals, schools, and other institu-
tions equipped or to be equipped with sound pictures 
will also require trained men hi the industry. Ifome 
talking movies promise to provide a still larger field. 
\ student taking the 11_:xtension Course in Sound 

is introduced to the fundamental principles and la‘‘s 
of photo electricity, light and sound. 

SOUND RECORDING 

A BRIEF history of sound recording and the 
up-to-date methods used in the industry are 

covered. The conversion of sound energy into elec-
trical energy and electrical energy into sound en-
ergy are explained along with disc recording and 
synchronization of sound on disc equipment. 

In filrn recording variable area and variable 
densii y are the Iwo methods in use at the present 
time. The principles )1. operation and the advantages 
and disadvantages of each are discussed. The student, 
becomes acquainted with the proper methods of 
synchronizing sound-on-film as well as Sou fl( 

hile on I he subject of sound-on-disc, various 
turntables, such as the slichronous, non-synchron-
ous, non-synclironous triple and t win turn-tables, 
theatre phonographs and other devices are discussed. 
The subjects given under sound heads include the 

following: exciter lamps; photocells; exciter lamp 
assemblies; optical systems; sound gates; damping 
devices; threading; adjustments; chain drives; lub-
rication and others. 
Sound Pictures and Television depend on elec-

tronic tubes for amplification. In view, of the im-
portance of .these tubes to both arts several lessons 
are devoted exclusively to electronic devices. 
The underlying principles and theory of elect ronic 

tubes are described and advanced to a study of 
the characteristics of typical tubes. In this part, of 
the course many characteristic curves of typical 
tubes are outlined. Several charts of values help 
the student in reference work. Much work is devoted 

to ail pi j , ¿slid Intl 114 it 1%. oil 1111 ' 1 .1.1,2.. 11141 
utopia cutiplint: ill s' ( W( .11•-,%Nrig. 

rniti fulim% ¡ fig 14111.14. ¡ III. timind in I hi' 1 W*1111111 I libta 
ltb()IN: tilt' \ 141111111 t 111Pv as an amplilirt h%ip 
element or fell tubes; t clement tu1)(4s,. 
heater t \ pr I tihurs ; srraeII grid tube-, , is•-
iAance, transformer and impedance, coupling; ela, 

of circuits; ‘ oltage and po%%er ampliliea-
tion; parallel operation of uI nui pu41-pull 
vacuum tube Ise'('1 I li; n16011111'10 ( 11. t I In 6%, . >04 vend 
commercial amplifiers, and ut liai  ulectronic 
are described and rabbit in order to faniiIiiiiita• 
the st wield ‘s òh the apparatus. 
1 nder t it' subject of sound the student i taught 

t lie nature of si mud ; its production; loucintivi; tire-
qut_bncy and tone qualit y. Other topics are wave-
length; speech; hearing; sound as a form of energy; 
matter and energy; electrical, light, chemical, heat 
and mechanical energy. 

APPARATUS ASSOCIATED WITH 
SOUND EQUIPMENT 

_A 1.1 . S'ON on \ Julio!' Picture Machines contain 
the following topic,: Commercial projectors; 

the intermittent mechanism; the islitier; >imple‘ 
incandescent equipment; Nlutiograph, Power, and 
Baird projectors; RCA and Hill portables; cm. 
sheets and reel changing. Other le,sons deal s it h tip. 
operation of !notion pictIlls(' machinery , the cafe and 
manipulation of controls, and the running of the 
show. 
The following subjects are treated under Principle 

of Motion Pict tire Projection : lilm peed; projector: 
high intensity lamps; operation of the arc; the con-
denser lens; the path of light from arc to aperture: 
cored carbons; the lamphouse; three condition, of 
the spot on t hi' aperture; motor control and wiuing 
of arc lamps; the Strong lamp for advertising mat t el.; 
fire traps; the take-up clutch; four titgià in exposing 
plates and films; light and time; opacit y and a Pt her 
topics. 

TUITION FEE 
I 1 I.: T Exiension (..() 1115(' ¡II >ound in( lu(14. it mini-,.... Ole 65 leSS011ti ( 11\1(1141 111141 1 1 (;1.1)111), and 

the TlI el i ¡ On I'lVf' is $ I I pi ' I. Gr011p, (n. $1 21 Fla 1 I , 
(iroup of 1,esson. 

Stipplementar,‘ Groups of 1.i.lifts are a‘ailitble, 
al 1 1.00 per ( 'group, especiall arranged for students 
who are not adequat el pribpared ill I he fundament al, 
of eleciricit y and radio. 
The student recei% es instruction set.% ii.r fie a 

period of i‘i ( la\ s after his last pa >ment. 
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EXTENSION COURSE 

Commercial Radio Operating 
INCLUDING AVIATION BROADCASTING MARINE 

[FOR RESIDENT SCHOOL COURSE SEE PAGE 91 

MARINE OPERATING 

T
HE Commercial Radio Operating Course is 
wide in scope and covers practically every phase 
of radio work. 

Code instruction is included to enable the stu-
dent to prepare for a Government License examina-
tion. Code practice kits may be purchased separately 
where the student does not possess such apparatus. Vacuum Tubes Thousands of radio men know 
As in other courses, the lessons at the beginning that the pentode tube gives a high power output 

of the Radio Operating Course deal with funda- with a relatively low plate power input. Thousands 
mentais. For example, the work covers the Funda- more know that the screen grid tube has a high 
mental Units of Electrical _:\ 1 easurement, the Symbols amplification factor. But how many know just why? 
commonly used in radio work, and instruction espe- This lesson tells you why in an easily understand-
cially prepared for the man having little or no tech- able manner. The fundamental part of vacuum tube 
nical training, instruction deals with Electron Emission—ther-

Lessons are presented on Resistance and Conduc- mionic Currents—Ionization—Space Charge— Rec-
tion and Simple Electrical Circuits with interesting tifiers—the Filament, Grid and Plate, etc. Modern 
and valuable discussions on Ohm's law the tern- receiving tubes are covered in this text and charts 
perature coefficient of metals use of potentiometers showing their characteristics are included. 
and rheostats—insulators—circular mil area of con-
ductors and its relation to current carrying capacity. 
Series and parallel circuits are treated at some length 
with illustrations and sample problems which make 
this work easy. 

In some branches of radio work, especially broad-
casting, commercial ship and shore station operat-
ing, and in the elimination of interference, an oper-
ator, to be successful, must possess a fair knowledge 
of motors and generators. Realizing this fact, we 
have included a series of lessons on D.C. Motors, 
D.C. Generators and Motor Generators. In these 
lessons the student finds easily understood informa-
tion on the various types of electrical machines, the 
Principle of Commutation, the care and use of motors 
and generators and the theory of alternating current. 

Because of the widespread use of alternating 
current, transformers are found in the majority 
of receiver circuits and in many other services. The 
lesson on Transformers makes clear the details con-
cerning design, construction and use of transformers. 
The student is taken through I he closely related 

subjects of Inductance and Capacity where he learns 
about both inductive and capacitive reactance, the 
principle of dielerIric action and the choking effect 
of an inductance roil, etc. 
The text, on Secondary Cells and Storage Batteries 

a trords an excellent, understanding of the elements 
of elect rochemistry, and besides this, praclical work 
on the maitilenance of storage bat tories, both Edison 
and Ole lead-acid 1,\ Pe, is presented. l' or Hie snider', 
‘slio desires to obtain a radio operalor's license and 
Prafir Ilift marine radio service, Ibis lesson is impor-
Lint and valuable, for shiphoni ( 1 hal Ivry insl alil ions 
III f è emphasized. 
\ subject, frequerilly slighted by le\thooks is 

111.11 of Graphs as Ilybd for recording and indicating 

purposes. A full lesson on this subject explains how 
curves are plotted from a series of meter readings. 

Sound waves—Harmonics—Beat notes—Fre-
quency—Electromagnetic Wave Propagation The 
Oscillatory Circuit—Damping—Decrement—Reson-
ance—Tuning—Spark Discharge These are onl y a 
few of the topics covered. 

Receiver Circuits Simple Regenerative Receivers 
Crystal Detector Circuits the Superheterodyne 
Principles of Neutralization Audio Amplifiers 

Neutralizing and Compensation Circuits th  Losser 
Circuit Screen Grid and Pentodes Power Packs 

Filter Circuits Standard Receiver Tests. These 
are a few of the subjects falling within the scope of 
the course. 

CODE AND OPERATING 
11 1011 the purpose of supply ing the student, with 
I_ suitable apparatus for sending and receiving. 
code practice equipment may be purchased separ-
ately, consisting of a Peerless Signagraph and prac-
tice key and buzzer set. 

LESSON MATERIAL 

HE scope of the instru rn ction given in the Co-Tmercial Radio Operating Course is indicated by 
t lesson titles, a few of ‘s hid' follow: 

Man's Early Efforts Lo Communicate at a Dis-
ance—Seeing and Hearing with Sound Pictures and 
"Felevision—The Electron Theory—Static Electricit y 
I low Current Flow Depends on Resistance and 

Cowl iicl ance— Faraday's Discovery of Eleetroniag 
netic Induction -The liplation or Ilectric Curreni 
to Magnel ism ( irapii 1)-1 (;tbncralors- \ her-

ing '4urrynl The Motor (;pnontlor - Ilse of 

SI oragv Bat I firitb ( If) Shipboard The ,i‘irplane 
Itadio Station A-(• :Motors l'o%S('r Trans-

formers Spark ern' INItliSSi( ) 11 re TransmiIl ors 

Vundamenlals ( 111 I II ho liervplion aenum Tubes 
Commfbrcial Long and Short Wave I kevi ver 

)eviil(wmen1 of I Iii' S111)(9114149.0(1 yne Pirec 
I ion 14'indfq. or Itallio( sig)fni);N•: ! taller\ Iliminalms 

Pd‘(;I:, TIIIR ITI:N 



I ‘. I ell 1 1' I I: S 

Insirm'tion ( Hi Ininmission ; In(j varit)u m)('4,; () I' 
transmitters ar(' in(bluded in: Tulips 
¡ri I ran,,,,i1 li ng \ 11111)o TralNliiii (I's Slit fil \\ 

il hit H fi5) Radio iai iun 

Hadi() Equii wield for T‘v()-‘1 41.\ Cuninitinical ¡ ut) 
Equipitiont () 1') Pulicts 

intircial Tub(' TraiNniii fors limn() Transmit t ( Ts 
tied fur Tviephone a 11( i Tf'14116;11)11. 

AVIATION RADIO 

St Ii.111:(lerS SPICial I() a‘ ¡id ¡On ; 11.0 4(6;0(41 in: 
Bonding 1 he ‘ irplane Shiulding I gui I luit 

1 einS () 14 \ ¡ rid; 1 110 N101( H'S 

liadi() Cumpass and 
4)111(q. Vi\igational In-
truments used in Avia-

---Iladio Aids tu 
blind Flying and Blind 
Landing--Wavemet vies 
and Frequency Mon () r-
ing Equipment Prin-
ciples of AT(i iorology for 
Aviation liadio Opera-
tors'Weather Observa-

I y ' WS ( de 1111.(11'0011)111S iilld () 111 11 delscli••o‘ii)11%i 
of suitablv Illuuiil and I hi. 
almost, tini‘ iqsally used I Itéiing systviti 
jun. At t IIi p• hint this radio full 11146ncy pfiii ium ut t hi' 

1.1 is inIrliductsd ‘it it Ii praci cuth,iilvi 
ie(ifi 1/4, cuncuriling 1 111à itIll fl'44411111114'.1 1)116/1) 

Cie ( partZ (•1*1 id um :111db ) 1* ; 111(1 ii f'd 1.1.16 - 

fluency doublers and aniplitivis. ‘1ilh t 1.11111 rp m 
of each part firmly fixed in mind, I hi' st whin! is gi%1.11 
general drscriptions of niodi.rn broad(sitt t nithini 
ters in order that, he may beitvi• uniler›dand sjut 
how the varii,IN circuii s u1'I I ()gel lifbr. 

TRANSMITTERS 
LI LI 11 , \ I \ 

(nag' and 1442•411(1 
1)1. i111 paris uf t hi' cf 

cun1 %% ii‘ 44 
elephone and I félegraph 
iransmi Prs and the 
park and arc transmit-

ters are included in this 
part of the course %% hid' 
embraces a number of 
lesons. The diagrams 

Oval—Oscillograph method of adjusting receiver circuits. Left—The assembled receiver undergoing an output test. 
loud speaker 

tions at Aeronautical Radio Stations Weather 
porting by Radio—Weather Maps and Forecasts for 
Flyers- -International Air Regulations Airplane 
Dispatching via Radio. 

RADIO BROADCASTING 

rr HIS section of the course is devoted to a sys-
tematic analysis of the various fundamental cir-

cuits of a broadcast transmitter and their control. 
With the elementary part of the course finished 

the student is prepared to take up the more advanced 
work, dealing with radio broadcasting equipment 
and studio methods. 

This instruction is presented in illustrated form 
with a detailéd description of the operation of appa-
ratus included which, together with the two weeks' 
post graduate work at a resident school, enables 
the Extension Course student to get a working 
knowledge of broadcasting station apparatus. 
The study commences with the voice frequency 
energy impinged upon the diaphragms of various 

Right—Assembling a 

given are acceptable in the government ( ixarnination 
for commercial operator license. Aircraft and Broad-
cast transmiiters are likewise treated ill this group. 

Aside from these features of the course, the student 
is permitted to avail himself of the benefits of our 
technical service and consultation department where 
he may find an answer to any logical question falling 
within the scope of his course. Furthermore, the 
students' service department supplies experimental 
equipment and replacement parts at special student 
discount prices. 

TUITION FEE 

THE Commercial Radio Operating Course in-
eludes a minimum of sixty-one lessons divided 

int o ten Groups, and the tuition fee is 510 per Group 
or 5100 for ten Groups of Lessons. 
The student receives instruction service for a 

period of sixty days after his last payment. 
Students completing the Extension Course are en-

titled to a two weeks post graduate course at one of 
our Resident Schools without charge. 
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EXTENSION COURSE 

SERVICE 
BROADCASTING RECEIVERS—HOME TALKIES—HOME RECORDING HISTORY 

AND FUNDAMENTALS OF TELEVISION INTERFERENCE ELIMINATION 

[FOR RESIDENT SCHOOL COURSE SEE PAGE 7) 

ril HE radio service course comprises a series of technical lessons especially prepared for the 
student interested in the servicing and repair 

of radio receivers and accessory equipment. 
Home laboratory kits and test equipment for 

practical work may be purchased separately. 
Among the first lessons of this course are those 

dealing with the Fundamental Units of electrical 
measurement and the Symbols commonly used in 
radio work. The presentation of these lessons at 
the outset removes the necessity of previous elec-
trical or radio training, thereby making the course 
available to the man with limited or no technical 
training. 
Having in mind the rudiments necessary for a 

thorough understanding of radio, the student pro-
ceeds to the elementary lessons on radio principles 
and theory. These elementary lessons may be re-
garded as foundation lessons for they deal with the 
basic principles upon which the simplest circuits are 
laid. 
A lesson on radio physics dealing with the sube' 

stance and electrical 
nature of matter is in-
cluded in the elementary 
group of lessons followed 
by a practical discussion 
of Magnetism, Electro-
magnetism and Electro-
magnetic Induction. 
The instruction in the 

course continues with a 
lesson on Primary Cells 
and Dry Batteries which 
are so commonly used 
for innumerable purposes 
in electrical and radio 
circuits. 

liesistance and Con-
duction and simple Elec-
trical Circuits are also 
treated in a practical 
manner, thereby bringing 
into Ilse the knowledgy 
gained from previous les-
son4,. Ohm's law, in its 
many forms and series 
and parall(b1 circuits. ; Iry 
I lie major topics of thesib 
lessons. 
W i I 11 a I, tif)‘‘ 1(41 ge id' 

implfb circuits, magnfil 
it-in and elerlrumagnfslic 

induction, the student is t hen taken through the 
subject of Alternating Current, where he learns the 
exact meaning and application to radio of such 
terms as phase, cycles, frequency, alternations, power 
factor, and others. 

Receiver Circuits embrace regenerative receivers 
audio amplifiers stabilization in r-f circuits tuned 
radio frequency screen grid and pentode circuits 
detector action power packs superheterodyne re-
ceivers. 

Magnetic and Dynamic Speakers is devoted to 
the basic operation of the two types, their advantages 
and causes of trouble, method of testing and trouble-
shooting. 
The use of Set Analyzers, General rest Equip-

ment, Testing Procedure and Diagnosis Logic is set 
forth in a special group of lessons, a knowledge of 
which enables the student to perform satisfactory 
and profitable service work. Complete instruction 
on the Construction of a Modulated Oscillator, a 
Vacuum Tube Voltmeter, a Grid Dip Meter and 
other instruments is made a part of this group. 

Instruction is also given 
in interference elimina-
tion; home talkies and 
automobile receivers. 

Aside from these many 
features, the student is 
privileged to avail him-
self of the services of our 
technical consultation 
department which is op-
erated for the exclusive 
benefit of regularly en-
rolled students. 

'I he flume Study Student buying nut it gi e entud tube rereiver hid 
for priiploristury It• ammestibling 

TUITION FEE 

T11 St`I'‘ I('(' COHN(' h .-1.k, a minimum 
()1* ft - ninv lessons (Ii-
Vidisd ini() nine ( lir(mi)s, 
and Ow I uit i0fl fee is $ t) 
H ( $81 for fi 114 

( )11 I iti,ons. I ,)n 
complel ing the ('1)11 ,'' r' 
I IiI « I u(Ieni is eut I I 11.(1 II) 

1%%() ‘‘ Ibekse 1)()I -grad 
mile ( bourse al one ()I our 
resident sell( )ols ¡thou! 
charge. 
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TERMS AND CONDITIONS GOVERNING EXTENSION COURSES 

.> 

ii wii  'i Ii 
i (i ii 1 .d i r fin ' ( 1)1 11S 16 i (..1 h .11111 114) (el 11" . 

itrl ()IrVII'd 111;111 lilt' V(111;11 pit 1111'11Is 

/t I 

/My 1);1 .\ Wont, for oilf , ; r(1111) f leSSOIN 1% ill hi' al'llsillfs( I 11 i 111111 4, ; III( I 

('L1I)hII;ti 1011 SlitbelS 011 all lessons recei‘ ed 11111V111 InlISI 111 4 ›, 111 ,111i1 it'd 
for correction %% I hin sixty ( GO) days after the bi,s1 1);1 .\111()III made. 

vier acceptance, the enrollments 11.(4 nut 1.0‘ ()cable b.\ I he sI and HI) 

refund of original cir subseq uen‘ Pa.\ ' Hunts will lif. made. 

) No apparatus or oilier equipmeni is ii1(111(1(id an extension rowse now 
offered, but suitable kits may be pun • ii;Nfb(1 separately by the sindeni ‘s hen 
desired, thus taking advantage or cash prices. 

(5) No responsibility shall be assumed the instil ui es on account of ati I.uI (. 
ments or representations other than hose contained in the enrollment ap-
plication, and no person is authorized lo modify such st atemen Is or reprf 
sentations except the President of the Company. Representatives of I 
R.C.A. Institutes, Inc., are authorized to accept or-6 I he lirsi payment for 
tuition and it is requested that applicants make such payment s in I he form 
of money orders or checks payable to I he R.C.A. Ilist it ut es, I tic. 

(6) If the instruct ion and lesson material is not, confined to the student's personal 
use, the Institutes may suspend or terminal e instruction and the agreement 
governing the same without liability of any nature whatsoever and/or for 
refund of any payments made. 

7) R.C.A. Institutes, Inc., reserves the right to change its outline of courses, 
tuition fees, enrollment requirements and make any other changes that are 
deemed advisable, without advance notice. 

(8) The tuition fee named for each Extension Course includes every expense wit It 
the exception of postage used in mailing lesson answers and correspondence 
to the Institutes. 

(9) All payments should be made by Money Order or Check, payable to B.C. \. 
Institutes, Inc., and mailed direct to the Home Office, 75 Varick Street, New 
York, N. Y. 

(10) Students are not obligated in any way whatsoever to complete the course 
for which they enroll, nor to pay for it in full, and Groups of lessons will be 
furnished only in proportion as payments are made therefore. 

R.C.A. Institutes Extension Courses are designed primarily for individuals 
already employed in the Electrical and Radio industries or in merchandising 
the products of those industries. 

(12) The R.C.A. Institutes, Inc., provides the educational facilities for instruction 
and training in Radio. The commercial application of this training is deter-

mined by the individual student according to his desires and the opportunities 
available. 
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Application For Enrollment in EXTENSION COURSES (HOME-STUDY) 
(For Resident School Application and Class Schedules See Inside Front Cover of Catalog) 

Applicant should answer all questions on the original and duplicate (both sides) and send to 

R. C. A. INSTITUTES, INC., 75 Varick St., New York, N. Y. 
I hereby apply for enrollment in the extension course checked X below. If this application is accepted in writing by the R. C. A. 

Institutes, Inc. at its Home Office in New York, N. Y., the duplicate will be detached and returned to me, and this application, together 
with the terms and conditions printed on Page 16 of Catalog No. 3302 shall constitute an agreement between the undersigned and the 
R. C. A. Institutes, Inc. IF not accepted, the payment I enclose herewith will be returned. 

I understand that I AM NOT OBLIGATED IN ANY WAY WHATSOEVER, TO COMPLETE THE COURSE, NOR TO PAY 
FOR IT IN FULL, and that lesson service will be furnished only in proportion to payments I may make; in consideration whereof the 
R. C. A. Institutes reserves the right to alter or discontinue any course, or to terminate this agreement upon sixty (60)days' notice without 

liability of any kind. 

SERVICE COURSE, $81 payable in NINE payments of $9.00 each 
(Broadcast Receivers Home Talkies —Home Recording 

History and Fundamentals of Television Interference Elimination.) 
(Home Laboratory Kits and Test Equipment may be purchased separately.) 

 • 

OPERATING COURSE, $100 payable in TEN payments or $ 10.00 each 
(Aviation— broadcasting Marine) 

(Code Practice Kits may be purchased separately.) 

 • 

SOUND COURSE, $121 payable in ELEVEN payments of $11.00 each 
(Commercial Sound Equipment for Theatres and for Recording-

Home Talkies Home Recording—Public Address Systems—Recording 
and Broadcasting Studios History and Fundamentals of Television.) 

• SPECIAL COURSE 

I would prefer to complete my two-weeks' post graduate course in the resident school at [1] New York; [I] Chicago 

All prior agreements or understandings, whether written or oral, between the R. C. A. Institutes, Inc. and the applicant 
are hereby terminated. 

Dated   19 
(Signature of Applicant) 

• 

«Mir CIMINIMIP 111»mall •ur imam maw. mum • miff «Plum 1•1•113MIII MVP sew ow ar mum+ • MI / MM. «BM a a.» 
MO» Sionni» MI • IMO • .1 MI • 

DUPLICATE 

Application for Enrollment in EXTENSION COURSES (HOME-STUDY) 
(For Resident School Application and Class Schedules See Inside Front Cover of Catalog) 

Applicant should answer all questions on the original and duplicate ( both sides) and send to 

R. C. A. INSTITUTES, INC., 75 Varick St., New York, N. Y. 
I hereby apply for enrollment in the extension course checked X reverse side. If this application is accepted in writing by the R. C. A 

Institutes, Inc. at its Home Office in New York, N. Y., the duplicate will be detached and returned to me, and this application, together 
with the terms and conditions printed on Page 16 of Catalog No. 3302 shall constitute an agreement between the undersigned and the 
R. C. A. Institutes, Inc. If not accepted, the payment I enclose herewith will be returned. 

I understand that I AM NOT OBLIGATED IN ANY WAY WHATSOEVER, TO COMPLETE THE COURSE, NOR TO PAY 
FOR IT IN FULL, and that lesson service will be furnished only in proportion to payments I may make; in consideration whereof the 
R. C. A. Institutes reserves the right to alter or discontinue any course, or to terminate this agreement upon sixty (60)days' notice without 
liability of any kind. 

I would prefer to complete my two-weeks' post graduate course in the resident school at Li New York; Li Chicago 

All prior agreements or understandings, whether written or oral, between the R. C. A. Institutes, Inc. and the applicant 
are hereby terminited. 

DO NOT USE THIS SPACE 

(1)141nAturt of Applirmntl 

Dated    19 
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INFORMATION FOR SCHOOL RECORDS 

Name in Full (Please print) 

Home Address ..... 

Nearest Express Office 

Date of iiirth.     •••• • Place of Birth 

Previous Education: Grammar School ..... 

Name of High School   

Name of Technical School or College. . 

Present Occupation  

Employed by.  

From what source did you learn of R. C. A. Institutes, Inc. 

Name and Address of Nearest Relative 

Relationship  

• • • ................. • • • ..... • 

[own1 

.Years 

Years 

Years 

ate 

Graduated 19 

Graduated 19 

Graduated 19 

The description of the Extension Courses appear in Catalog No. 3302. All correspondence pertaining to Extension Courses should be 
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Application For Enrollment in EXTENSION COURSES (HOME-STUDY) 
(For Resident School Application and Class Schedules See Inside Front Cover of Catalog) 

Applicant should answer all questions on the original and duplicate (both sides) and send to 

R. C. A. INSTITUTES, INC., 75 Varick St., New York, N. Y. 
I hereby apply for enrollment in the extension course checked X below. If this application is accepted in writing by the R. C. A. 

Institutes, Inc. at its Home Office in New York, N. Y., the duplicate will be detached and returned to me, and this application, together 
with the terms and conditions printed on Page 16 of Catalog No. 3302 shall constitute an agreement between the undersigned and the 
R. C. A. Institutes, Inc. IF not accepted, the payment I enclose herewith will be returned. 

I understand that I AM NOT OBLIGATED IN ANY WAY WHATSOEVER, TO COMPLETE THE COURSE, NOR TO PAY 
FOR IT IN FULL, and that lesson service will be furnished only in proportion to payments I may make; in consideration whereof the 
R. C. A. Institutes reserves the right to alter or discontinue any course, or to terminate this agreement upon sixty (60)days' notice without 
liability of any kind. 

EJ SERVICE COURSE, $81 payable in NINE payments oF $9.00 each 
(Broadcast Receivers—Home Talkies Home Recording 

History and Fundamentals of Television Interference Elimination.) 
(Home Laboratory Kits and Test Equipment may be purchased separately.) 

OPERATING COURSE, $100 payable in TEN payments of $10.00 each 
(Aviation—Broadcasting—Marine) 

(Code Practice Kits may be purchased separately.) 

EJ SOUND COURSE, $121 payable in ELEVEN payments of $11.00 each 
(Commercial Sound Equipment for Theatres and for Recording— 

Home Talkies—Home Recording Public Address Systems Recording 
and Broadcasting Studios History and Fundamentals of Television.) 

SPECIAL COURSE 
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I would prefer to complete my two-weeks' post graduate course in the resident school at E] New York;  I Chicago 

All prior agreements or understandings, whether written or oral, between the R. C. A. Institutes, Inc. and the applicant 
are hereby terminated. 

Dated 19  
(Signature of Applicant) 
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DUPLICATE 

Application For Enrollment in EXTENSION COURSES (HOME-STUDY) 
(For Resident School Application and Class Schedules See Inside Front Cover of Catalog) 

Applicant should answer all questions on the original and duplicate (both sides) and send to 

R. C. A. INSTITUTES, INC., 75 N./arid< St., New York, N. Y. 
I hereby apply For enrollment in the extension course checked >< reverse side. If this application is accepted in writing by the R. C. A 

Institutes, Inc. at its Home Office in New York, N. Y., the duplicate will be detached and returned to me, and this application, together 
with the terms and conditions printed on Page 16 of Catalog No. 3302 shall constitute an agreement between the undersigned and the 
R. C. A. Institutes, Inc. If not accepted, the payment I enclose herewith will be returned. 

I understand that I AM NOT OBLIGATED IN ANY WAY WHATSOEVER, TO COMPLETE THE COURSE, NOR TO PAY 
FOR IT IN FULL, and that lesson service will be furnished only in proportion to payments I may make; in consideration whereof the 
R. C. A. Institutes reserves the right to alter or discontinue any course, or to terminate this agreement upon sixty (60)days' notice without 
liability of any kind. 

I would prefer to complete my two-weeks' post graduate course in the resident school at 1i] New York; El Chicago 

All prior agreements or understandings, whether written or oral, between the R. C. A. Institutes, Inc. and the applicant 
are hereby terminated. 

DO NOT USE THIS SPACE 

(Signature of Applicant) 

Dated 19  
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POINT-TO-POINT COMMUNICATION  

BEAM TRANSMISSION AND BROADSIDE PROJECTOR ANTENNAS  

The transmission of radio-frequency energy by what is termed the 
"beam system of transmission" was demonstrated by Heinrich Hertz as 
early as 1888. In his experiments he found that short electrical 
waves were subject to the same laws as the waves of light relative 
to reflection, refraction, interference and speed of propagation. In 
his laboratory equipment Hertz employed parabolic reflectors which 
concentrated the energy released from the antenna and caused it to 
be projected in a directional path or beam. 

Marconi, realizing the possibilities of short-wave transmission by 
such a system, conducted several experiments in 1896 which gave 
promising results. Because of the difficulties encountered in the 
production of short.-wave lengths with the apparatus available at the 
time, further investigation was not carried on regardless of the fact 
that Marconi was able to prove with transmitting equipment connected 

INDUCTION 
/COIL 

BATTERY—' um' 

KcE:>tif 

Fig. 1 - SIGNALS FROM THIS OSCILLATOR CAN 
BR INTERCEPTED BY A RECEIVER WHEN THE 
APERTURE OF THE TRANSMITTING REFLECTOR 

IS POINTED TOWARD THE RECEIVING ANTENNA. 

as shown in Figure 1 that the propagation of signals over a distance 
of 14 miles was of greater intensity than when the ordinary elevated 
antenna system was employed. In fact, with the latter only one-half 
mile was reached. 

A factor which discouraged further research with short-wave beam 
transmission was the progress made with long waves which, at the time, 
seemed to be so comparatively simple that attention was diverted from 
shortmwave work and all efforts were concentrated upon further de-
velopment of the long-wave systems. 
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In explanation or Figure 1 the spark gap of the electrical oscilla-
tor was placed in the focal plane of a solid metal reflector and the 
signals from the oscillator could only be intercepted by the receiver 
when the aperture of the transmitting reflector was pointed toward 
the receiving antenna. When it was desired to transmit only in one 
direction the reflector or the transmitter waa directed towhrd the 
receiving station which consisted of a concave reflector with the re-
ceiver mounted in such a position as to intercept the reflected radia-
tions which arrived ahead of or behind the focus of the reflector. 

Perhaps before going into more detail it would be well to give an 
elementary comparison to illustrate the Idea of transmission, first, 
by means of the ordinary elevated antenna system, and second, the 
beam system. The old familiar analogy of dropping a stone in the 
center of a pool of water and then observing the ripples or waves 
on the surface which traveled over the entire area in circles re-
presents the manner in which the energy released from the elevated 
antenna is disseminated throughout space. 

WAVE, 
EMISS1014 

/ 

/ 
/ / 

eK4 

4111.1• 

111M,.• 

«Ming,„ .00 

aolo. •••••••••• 

\us.. 

I 

ANTENNA 

;e\ 

Fig. 2 CIRCULAR LINES ILLUS-
TRATE THE WAVE EMITTED FROM 

AN ORDINARY FLAT- TYPE ANTENNA. 

DIRECTION OF BEAM 

Pig•3 - FUNDAMENTAL IDEA OF 
BEAM TRANSMISSION UTILIZING 

REFLECTOR MARKFP B. 

Figure 2 shows this in another way by allowing circular lines to il-
lustrate the emitted wave when the ordinary type of antenna is util-
ized. The energy upon being released travels to all points of the 
compass. In general broadcasting work the propagation of energy in 
this manner is desirable because the greatest number of receiving 
points are to be reached for any given transmission and although a 
comparatively small amount of power is required to operate the re-
ceiver, still an enormous amount of power must be generated by the 
transmitter to enable the requisite energy to be picked up by a re-
mote receiver when employing this system, which is sometimes called 
the omni-directional method of transmission. ( Omni means all.) 

In beam work, however, the omni-directional propagation of energy is 
avoided; the principle involved is to concentrate the energy released 
from the antenna and project it along a narrow angle by the use of a 
reflector which deflects the energy causing it to proceed in some 
predetermined direction. If a distant receiving point lies within 
the arc of that angle, it will receive considerable more energy than 
would be the case if the same power should be allowed to spend itself 
throughout the 360 degrees of a circle. Since this energy follows 
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the laws of light reflection, rerraction, etc., a reflector is placed 
behind the radiating antenna to prevent the power leaving the antenna 

from traveling in any but the desired direction. 

Figure 3 shows the fundamental principle of beam transmission. 
The radiating antenna A is placed in the focus of the reflector B. 
The waves starting at A tend to move in all directions; those 
moving toward the reflector B designated by the letters, D - E - 
F - G - H and I strike the parabolic reflecting surface and are 
reflected in the directionJ-K-L-M-N-0- P. The radio 
waves have now been changed in direction because of the influence 
of the reflector upon them and caused to move with and augment 
the energy which is traveling in the direction of the arrow C. 

shiTie FRONT --

ENEMY 
RECEIVING 
STATIONS AR-C 

" RECEIVING STATION AT H 

BEAM 
TRANSMITTER 

./ 

ORDINARY 
IRINSMI1TER. 

Fig•4 - COMPARING THE RADIATION 
CHARACTERISTICS OF AN ORDINARY 
ANTENNA SYSTEM AND A BEAM TRANS-

MITTER. 

Fig.5 - GENERAL LAYOUT OF A BEAM 
TRANSMITTER WITH THE TRANSMITTING 
ANTENNA AND PARABOLIC VERTICAL 

WIRE REFLECTOR. 

The focusing of the radio energy in this manner results in an inten-
sive beam of energy which in regular commercial equipment may vary 
between 10 and 20 degrees in width. The reflector can be arranged 
so this beam of energy is directed toward any desired point of re-
ception with little or no energy travenng in the opposite direction. 

The World War which was responsible for many inventions was also 
the cause of reviving the interest in beam and short wave work be-
cause of the desirability of establishing secret communication 
channels along the battle front. 

Figure 4 is another diagram comparing radiation between the ordinary 
elevated antenna system and the directional or beam arrangement. This 
diagram brings out the value of the beam system especially as a means 
of secret communication. For example, assume the broken line repre-
sents a battle front and the circles A, B and C represent enemy radio 
receiving stations. With the ordinary elevated antenna system, re--
presented by the heavy black dot, signal energy would be radiated in 

ip elbele e  
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all directions and the enemy stations AB-C would be within easy 
range of all radio communication. 

The use of the beam method, however, would change all of this; de-
creased power could be used and still have sufficient energy to reach 
the radio receiver placed at H, and because of the directional char-
actenstics of the beam system the enemy stations A, 13 and C would be 
unable to intercept the signals. The need of secret communication 
during war, therefore, can be said to be one of the causus of consi-
derable progress with beam transmission. 

The data obtained in the earlier experiments of this work proved to 
be valuable material as a foundation. The old types of reflectors 

RADIttiORS 

ORIGINAL AND REFLECTED 
WAVES, PROPAGATED AS 
ONE POWERFUL BEAM: 

REFLECTORS 

Fig.6 - ONE NETWORK OF VERTICALLY 
SUSPENDED WIRES IS KNOWN AS THE 
"REFLECTOR" AND THE OTHER THE 

ANTENNA OR " RADIATOR" 

and spark transmitters, however, were soon eliminated as more know-. 
ledge was acquired concerning the behavior of the shorter waves. The 
solid metal reflectors were replaced by a comparatively small number 
of wires which were placed parallel to the antenna and spaced around 
it on a parabolic curve of which the transmitting antenna consti-
tuted the focal line. 

By the use of the three element vacuum tube short waves were more 
easily produced and the power available at the higher frequencies was 
many times greater than was possible with the spark transmitters em-
ployed in early experiments. Figure 5 is a drawing of a trans-
mitting station together with the transmitting antenna and the para-
bolic vertical wire reflector with which many experiments were con-
ducted in 1923. 

A year later experiments were conducted with a different form of beam 
antenna. Figure 6 shows the essential features of this later type. 
The antenna comprises two distinct networks of vertically suspended 
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wires; one of these networks is called the " reflector" and the other 

the " antenna" or " radiator". 

The reflector carries twice the number of wires as the radiator and 
the two units which comprise the antenna system as a whole are spaced 
one- quarter of a wavelength apart and maintained at this distance by 
the horizontal cross arms of the supporting masts. The radiator and 
reflector wires, as can be seen, hang vertically from insulated 
horizontally supported cables and are prevented from swaying by a 

system of weights. 

The system comprising the reflector is suspended at the rear of the 
radiating unit which is opposite to the direction in which trans-
mission is to take place. The radiators ( beam antenna) may be con-
sidered as nothing more than a multiple tuned short wave antenna 
with the addition of back screening, this screen having previously 

been called the reflector. 

ROWORS FEEDER JUNCTION BoxES 

COPPER TO TE " m‘Nsmirtuk 
FEEDER N POWER HOUSE 

Fig./ à SECTION OF THE LECHER 
FEED SYSTEM. 

Each of the vertical radiators are energized in exact phase by what 
is known as " Lecher Feed", a section of which is shown in Figure 7. 
The Lecher feed is simply a system by which the paths for the power 
from the transmitter are made exactly equal and,therefore,the phase 
of oscillations will be identical along the entire system. The radia-
tors are led into the coupling boxes in pairs, and each coupling box 
contains base coils of such inductive and capacitive values as to 
provide the proper degree of resonance between the various sections 

comprising the entire unit. 

Relative to the functioning of the form of antenna shown in Figure 6 , 
the wave emission moves forward in the normal direction as well as in 
the opposite direction which is to be expected where a vertical aerial 
is employed. The emission in the opposite direction, that is, the 
rearward component of the emitted wave, instead of dissipating its 
energy in space by radiation is prevented from doing so by the net-
work of reflector wires. 

The rearward component is deflected upon striking the reflector sys-
tem, that is, re-radiated forward ---- opposite to its original direction 
and in the desired direction of propagation. The reflected energy 
thus re-enforces the forward component of the emitted wave and there-
by increases the power desired to be projected toward the point of re-
ception. This action is shown by large and small arrows which indicate 
the forces involved. 
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For the reception or signals transmitted by the beam method an an-
tenna system of practically similar design is utilized as a collector 
of the radio- frequency signal energy for the receiving apparatus. It 
is located in such a manner that the wires which correspond to the 
radiating unit of the transmitter become the collector section for 
supply energy to the beam receiver because it faces the plane of pro-
pagation of the beam leaving the transmitter. 

At the rear of this collector is suspended the reflector unit which 
is identical in construction to that utilized for the transmitting 
antenna. This reflector acts in a similar manner upon the energy 
received, that is, it intercepts an additional amount of energy from 
the propagated wave front and reflects it forward to the collector 
unit where it re- enforces the signal strength as a whole. 

For a number of years a general impression regarding the behavior of 
short waves was that their daylight range was variable and short and 
that the night time range was not only variable but freaky. This 
Idea seemed to have such a strong foundation that short waves seemed 
doomed for a time insofar as their adaptability to commercial use 
was conoerned. 

Marconi, however, insisted that daylight range was reliable and that 
night time transmission had exceeded all expectations. Further, that 
mountain ranges and long stretches of land did not present any serious 
obstacles to the propagation of the short waves. Through consistent 
research and close attention to details it was soon discovered that 
Marconi was right, relative to the transmission of short waves, and 
that the strength of the signals which could be received during day-
light varied definitely and regularly in accordance with the mean 
altitude of the sun over the space or region intervening between the 
transmitting and receiving stations, and that the coefficient of ab-
sorption for short wave lengths was a function of the time, as well 
as the particular season of the year and the relative geographical 
location of the stations. 

To further analyze the electrical construction of beam reflectors 
and the manner in which they concentrate the radiated energy into a 
team it can be interpreted in somewhat greater detail by observing 
Figure 8 which will be used to more fully explain the principle of 
waves from a parabolic reflector. This, In reality, is the top view 
of the type of reflector shown in Figure 5 which is in the form of 
a section of a parabolic cylinder. The wave from this form of re-
flector is somewhat similar to a parallel beam of light which has 
passed through an opaque screen. Theoretically, if the transmitting 
antenna is situated in the focal axis G, the reflected rays will all 
be parallel ( JN, UH, XV, YZ) and will be parallel to the axis of the 
parabolic cylinder TM. However, this is the ideal result and is only 
approximated in practice. The transmitting antenna at the focus G 
is a vertical antenna as shown in Figure 5 and the energy radiated 
from this point is re-radiated by each wire dropped from the para-
bolic suspension CBA, Figure 8 , by virtue of the fact that each one 
is tuned to G. It follows from the theory of a true parabola that 
any distance such as GKO or GPL is equal to G134-Ba, thus it is obvious 
that the re-radiation from all the wires along the parabola CBA will 
reach the aperture CA in phase with each other. Therefore,re-enforce-
ment takes place in the direction GM and interference in the direc-
tion BT. 
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In reviewing this action we can understand that the energy to be ra-
diated originates at the transmitting antenna at G, is re-radiated by 
wires suspended from the parabola CBA, and the re-radiated waves re-
enforcing each other in the direction GM are blocked out in the di-
rection BT. In this analysis the ends of the reflector have been con-
sidered to be C and A, respectively, and energy radiated in the direc-
tion GW would not have any part of the reflector in its path, and 
hence would not be diverted from its course, but would continue in the 
direction GW. Except for leakage, as shown at GW, practically all the 
energy is reflected over a small angle in the direction GM, therefore, 
to minimize the leakage it is only necessary to increase the width of 
the aperture CA, which in other words means the extension of the para-
bola, as shown at R and S by the curved dotted lines. If this is done 
the side leakage is reduced and the radiated beam is made narrower. 

As is generally known, one of the serious obstacles in the reception 
of radio signals is " static". This is especially true during summer 
months. Another generally known fact is that static is not so pre-
dominant on the very short wavelengths and at wavelengths as low as 
10 meters heavy static is not as a rule encountered. When long an-
tennas are used the difficulties experienced from static are more 
noticeable than when short antennas are employed. From the foregoing 
it is possible to understand the reasoning that prompted experimenta-
tion with directive transmitting antennas using wavelengths much 
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- SHOwING HOw A REFLECTOR 
CONCENTRATES THE RADIATED ENERGY 

INTO A BEAM. 

lower than 100 meters. Thus during the last couple of years exten-
sive experimentation has been carried on with beam transmitters at 
wavelengths of 10 meters, 5 meters and down to the ultra short waves. 

Figure 9 shows the oscillating circuit used to generate the high 
frequency energy and this diagram also shows the method of coupling 
the oscillatory circuit to the antenna. The Hartley type of ° sell-
latory circuit was employed and a 50-watt tube used for an oscilla-
tor. The plate circuit inductance consisted of one turn of heavy 
copper wire about 7 inches in diameter and the grid inductance was 
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of the same size. A similar coil wus used in series with the an-
tenna as a means of coupling the antenna to the oscillatory circuit. 
The internal capacity between the elements of the tube, together with 
the external inductance, completed the oscillatory circuit. In fact 
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Fig•9 ' OSCILLATING CIRCUIT COUPLD TO A REFLECTOR TYPE 
ANTENNA SYSTEM FOR TRANSMITTING VOICE SIGNALS. 

this internal capacity determines the upper limits of the frequencies 
that can be developed. The antenna system consisted of two cage an-
tennas, each 1.8 meters long joined at the center through the coup-
ling coil. The condenser across the plate supply is simply a radio-
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Fig• 10 - THIS ANTENNA SYSTEM IS SUSPENDED 
IN FRONT OF THE PARABOLIC REFLECTOR. 

frequency by-pass condenser. Figure 10 shows the antenna system sus-
pended in front of the parabolic reflector in such a manner that it 
forms the focal line of the parabola. The vacuum tube and its asso-
ciated circuits are mounted in a little cage at the mid-point of the 
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antenna and insulated from it. The power supply leads to the tube 
are brought from one side in a cable, as shown. The parabolic re-
flector was formed by 40 wires, spaced one foot apart, in the form 
of a parabola and each one tuned to a wavelength of 10 meters. 

The focal distance ( BG, Figure 8) was made * of e wavelength, or 
2.5 meters. The receiving set employed is shown in Figure 11. The 

antenna consisted of two vertical pieces of No. 12 copper wire joined 
at their mid-point by a single turn coil. The secondary coil of this 
receiver was a single loop of wire 12 inches in diameter and this 

RECEIVER SYSTEM 

oo 
L T THETERODYNE 

Fig. 11 - THE ANTENNA FOR THIS RECEIVER CONSISTS OF TWO VERTICAL 
LENGTHS OF NO.12 COPPER WIRE JOINED AT THEIR MID- POINT BY A 

SINGLE TURN COIL. 

secondary was tuned by a two-plate variable condenser of . 00005 micro-

farad maximum capacity. Since the waves radiated from the transmit-
ter were unmodulated ( of continuous amplitude) it was necessary to 
use a separate heterodyne to produce an audible beat note in the re-
ceivers. This separate heterodyne ( oscillator) had plate and grid 
inductances of a single turn each and a two-plate variable condenser 
was connected from grid to plate. The detector was succeeded by two 

steps of audio-frequency amplification. By means of this directional 
transmitter, and the receiver described, it was possible to obtain 
data relative to the directional characteristics of this type of sys-
tem. 
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frequency by-pass condenser. Figure 10 shows the antenna system sus-
pended in front of the parabolic reflector in such a manner that it 
forms the focal line of the parabola. The vacuum tube and its asso-
ciated circuits are mounted in a little cage at the mid-point of the 
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antenna and insulated from it. The power supply leads to the tube 
are brought from one side in a cable, as shown. The parabolic re-
flector was formed by 40 wires, spaced one foot apart, in the form 
of a parabola and each one tuned to a wavelength of 10 meters. 

The focal distance ( BG, Figure 8) was made * of e wavelength, or 
2.5 meters. The receiving set employed is shown in Figure 11. The 

antenna consisted of two vertical pieces of No. 12 copper wire joined 
at their mid-point by a single turn coil. The secondary coil of this 
receiver was a single loop of wire 12 inches in diameter and this 
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Fig. 11 - THE ANTENNA FOR THIS RECEIVER CONSISTS OF TWO VERTICAL 
LENGTHS OF NO.22 COPPER WIRE JOINED AT THEIR MID- POINT BY A 

SINGLE TURN COIL. 

secondary was tuned by a two-plate variable condenser of . 00005 micro-
farad maximum capacity. Since the waves radiated from the transmit-
ter were unmodulated ( of continuous amplitude) it was necessary to 
use a separate heterodyne to produce an audible beat note in the re-
ceivers. This separate heterodyne ( oscillator) had plate and grid 
inductances of a single turn each and a two-plate variable condenser 
was connected from grid to plate. The detector was succeeded by two 

steps of audio-frequency amplification. By means of this directional 
transmitter, and the receiver described, It was possible to obtain 
data relative to the directional characteristics of this type of sys-
tem. 
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Pig. 12 - THIS POLAR CURVE 
GIVES A GOOD IDEA OF THE 
ACTION WHEN SOME OF THE 
REFLECTING WIRES WERE 

DETUNED. 

Fig. 13 - A POLAR CURVE 
SHOWING CONDITIONS WHEN 
ALL OF THE REFLECTING 

WIRES WERE OUT OF TUNR. 

Fig.14 - THE BEST POSSIBLE 
CONDITION FOR A lo- METER 

WAVELENGTH WITH ALL OF THE 
REFLECTING WIRES TN TUNE. 
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The polar curve shown in Figure 12 gives 
a good idea of the action of the system 
when the reflecting wires were detuned. 
In this instance they had not all been 
cut to the proper length and thus were 
not all properly tuned to the 10 meter 
wave radiated at the source. The por-
tion shown in cross section in the dia-
gram is the back- leakage due to the un -
tuned condition of the reflector, and 
the shape of the curve in the direction 
of propagation is quite broad. Nhen all 
the wires were tuned to 10 meters, the 
frequency of the oscillator was increased 
slightly, thus throwing all the reflect-
ing wires out of tune and the condition 
produced was worse than in the first 
case, as would be expected, since at 
least some of the reflecting wires were 
properly tuned in the first instance. 
In this last case where all the reflect-
ing wires were out of tune, the radia-
tion in the proper direction was great-
ly reduced and the radiation through the 
rear of the reflector was almost one-
half that along the true line of reflec-
tion, as shown in Figure 13. 

Next, the best possible results were ob-
tained for the 10 meter wavelength with 
the reflecting wires all in tune and the 
width of the aperture equal to one wave-
length. Figure 14 shows the result. 
The radiation was found to cover a much 
narrower band than before and the back 
leakage had almost entirely disappeared. 
The width of the aperture was two wave-
lengths and in this case the back leak-
age would probably very nearly approxi-
mate zero. 

There can be no question of the many ad-
vantages gained by the beam method of 
transmission for military, naval and 
commercial practice. At the present 
time considerable experimental work is 
being conducted in connection with trans-
oceanic and point to point radio- tele-
phony systems. As was previously stated 
there would be no advantage in the use 
of beam transmission in radio broad-
casting of musical or voice programs un-
less transmission was desired to take 
place from some central point to a pre-
determined distant point, for example, 
between two different countries such as 
England and America, and then only when 
the program was to be re- broadcast in 
the regular manner. 
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THE R.C.A. BROADSIDE PROJECTOR ANTENNA FOR LONG DISTANCE  

COMMUNICATION BY SHORT WAVES  

Prior to the introduction of short-wave transmission, long distance 
radio communication was conducted almost exclusively in the wave-
length range of 5000 to 30,000 meters. The frequency spectrum cor-
responding to this wavelength covers from 10,000 to 60,000 cycles. 
The basic laws of wave propagation, as well as design constants 
covering antenna and terminal equipments for the long wave system, 
were well established. A signaling spectrum of 10,000 to 60,000 
cycles imposed a consequential limitation of one- quarter wavelength 
as the practical physical length of the antenna system. These lengths 
reduced to feet cover the range of 4100 to 25,000 feet, or roughly 
1 to 5 miles. Antenna refinements, such as multiple tuning and 
equalized ground current distribution, merely affected the electrical 
efficiencies of the long wave antenna systems and not their size. The 
long wave antenna consequently became inherently associated with high 
steel towers and long stretches of high tension antenna wires. 

Influence of Short Waves. The advent of short wave transmission 
found the previously accepted laws of wave propagation to be entirely 
inadequate. Short waves are here considered to be the band between 
10 and 100 meters, which has a corresponding frequency range of 3 
million to 30 million cycles per second. In this wide range of fre-
quencies are found groups that are particularly useful during day-
light, during part daylight and during darkness hours. So effective 
is their signal range that for the first time in the history of radio 
communication it has become possible to signal around the world. A 
revolution in the art of long distance radio communication at once 
became inevitable. 

The antenna system was most vitally affected by reversion to short 
wave transmission. Antennas whose dimensions previously were of 
necessity measurable in miles, now became measurable in feet. The 
huge antennae of the older systems were often out-distanced by single 
wire antenna f which were less than 75 feet in length. The logical 
result of this remarkable physical conOentration was the development 
of a multitude of antenna combinations, quarter wave, half wave, and 
odd multiples thereof, as well as reflector and directive types. 

The state of the art having thus briefly been outlined, the directive 
antenna known as the R.C.A. Broadside Projector Antenna, will now be 
described. 

Constructional Features. This Broadside Projector Antenna, shown on 
the front cover page, consists essentially of two rows of equally 
spaced vertical radiators extending in parallel lines for a distance 
varying from 3 to 12 wavelengths depending upon the desired degree 
of directivity. Each row is energized from a common central horizon-
tal feeder bus, the bus in turn being energized by a transmission 
line. The feeder bus, as shown on the inside front cover page, is 
bridged by a tuning coil at each vertical radiator. The radiators 
are so disposed that they form in effect a half wave antenna with a 
tuning coil at the centre of each. When arranged for sleet melting 
each radiator element consists of a hairpin loop, otherwise the 
radiator element is a straight vertical wire. The radiators are ar-
ranged to produce electrical and mechanical symmetry with respect to 
the central feeder bus. 
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The illustrations on trie Pront and inside cover pages are views of 
a 4- bay 16.8 meter antenna installed at Rocky Point, New York. Two 
long rows of wooden poles support catenary cables broken up effec-
tively by insulators. The cnbles in turn support the vertical radia-
tor elements. These two parallel rows of poles, cables and radiator 
elements represent the antenna proper and its reflectors spaced five 
quarter wavelengths apart. Unlike the high towers of other beam 
systems, this antenna uses only wood poles one and one- eighth wave-
lengths high. 

These broadside directive antennas are designated as 1- bay, 2-bay and 
4-bay antennas, the significance of which Is the indication of degree 
of directivity. A lm.bay antenna is arbitrarily taken as 3 wavelengths 
wide. A 2-bay antenna would correspondingly be 6 wavelengths and 
a 4-bay antenna 12 wavelengths wide. The greater the number of 
co-acting vertical radiators, the greater the energy concentration. 
A 4-bay antenna is consequently more directive than a 2-bay, and a 
2- bay more than a single bay. 

Change of Direction of Directivity. One of the advantages of a 4-bay 
broadside directive antenna is the means it provides for altering the 
direction of the beam. Change of direction of the beam is accomplished 
by regulating the phase relations of the currents fed to the indi-
vidual bays. The resultant radiated energy pattern may thus be made 
to assume an acute angle to the line of poles rather than the normal 
broadside pattern. This feature is of advantage when more than one 
circuit is to be covered by a single broadside projector antenna. 

Transmission Lines. The signal energy of the transmitter is fed to 
the broadside directive antenna over transmission lines which may be 
several thousand feet in length. Means are thus provided for lo-
eating the antenna on smooth cleared ground, free of local obstruc-
tions at the source of generation of the radio-frequency signaling 
currents. The phasing adjustments for the transmission lines are 
accomplished by a local tuning system in a coil house located at the 
center of each bay of the antenna. 

Sleet Melting Circuit. The provision of sleet melting facilities 
for an antenna of the directive type, having in the case of a 4- bay 
unit 192 radiating elements, presents an interesting problem. The 
radiating elements must be so connected electrically that they operate 
in parallel when normally energized for transmission, and in series 
when connected for sleet melting. 

When sleet melting is not required each individual radiator may be a 
single wire. Each single wire radiator is then normally terminated 
at the feeder bus end of the bus tuning coil. Geometrically the cen-
ter bus then resembles a ladder whose rungs are the tuning coils but 
with the addition of a radiator wire extending beyond each end of the 
bus tuning coil. 

When sleet melting is provided the single wire radiator must be re-
placed by a hairpin loop. Each hairpin loop requires two tuning coils, 
each having double the inductance of the non- sleet melting arrangement 
since the coils operate in parallel for transmission. Across the ter-
minals of each hairpin loop is connected a sleet melting condenser. 
This condenser allow p the hairpin loop to be energized in parallel 
from the bus for transmission, and interrupts the sleet melting cur-
rent path causing it to flow through the hairpin loop. Radio-frequency 
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choke coils are also disposed to keep .the signaling circuits and sleet 
-melting circuits electrically separate although actually interconnected. 
A single-phase 60- cycle transformer with voltage regulating tap in its 
primary circuit, supplies 150 amperes to each hair-pin loop and tuning 
coil. This current is sufficient to melt a heavy incrustation of ice 
in a few minutes. 

Basic Theory of Operation. When two or more simple vertical antennas 
are arranged symmetrically in a row at fixed spacings of less than * 
wave separation and simultaneously energized, at or near their reso-
nant frequencies, their energy radiations will cancel along the line 
of the antennas and add in both directions at right angles to the 
line; namely, broadside radiation will result. The greater the number 
of radiating elements the more concentrated will be the broadside ra-
diation. If now a second parallel line of antennas be so spaced with 
respect to the first line that the energy radiation of the second line 
reaches the first line at its crest, the two independent waves will 
add in one direction and cancel in the other, causing the resultant 

radiation to be uni -directional. This is the function of the second 
row of masts in the broadside projector antenna. 

To insure that all independent vertical antenna elements are simul-
taneously energized and radiating in synchronous phase relationship, 
it is necessary that the feeder system be adjusted for infinite velo-
city. This condition is realized by relative proportioning of the 
radiator lengths, by adjustment of the central feeder bus capacity 
and by suitable connection to the transmission line load coils. When 
the energy drain from the feeder bus is at the proper rate, the feeder 
system acts as a concentrated line without standing waves or reflec-
tion. If the energy in the feeder bus is subject to traveling or re-
flected waves, it is obvious that the radiator elements will not be 
energized simultaneously in the same phase relationship and conse-
quently the directivity of the radiating system will be largely des-
troyed. 

EXAMINATION QUESTIONS  

1. Who first experimented with reflectors in the transmission of 
radio-frequency energy? 

2. What is the advantage of beam transmission? 
3. is beam transmission desirable for radio broadcasting? 
4. Drew a simple diagram showing how radio waves are deflected. 
5. Why is a second row of antenna elements used in the broadside 

projector antenna? 
6. How is it possible to keep the signaling circuits and sleet melt-

ing circuits independent electrically when they are actually 
Interconnected? 

7. What does the term "bay" indicate in connection with directive 
antenna systems? 

8. Tn brief what is the Lecher feed system? 
9. Name some advantages of a short-wave directive system over the 

long-wave type. 
10. Describe & type of antenna system used at the receiving end to 

intercept signals transmitted by the beam method. 
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HOME OFFICE : 75 Varick Street, New York. 

CONSTRUCTIONAL DETAILS OF THE RCA INSTITUTES'  

SCREEN-GRIDAC  RECEIVER WITH PENTODE OUTPUT 

GENERAL TOPICS. The first thing of importance to mention is that 
no work should be done on the kit until you have first read through 
this entire lesson. Radio principles about which you have studied 
in other lessons are incorporated in the 7 tube a-c operated screen 
grid receiver which you will construct and the practical side of 
this work now comes in the actual assembly and wiring of the re-
ceiver and adjustment of its radio-frequency circuits for maximum 
selectivity and sensitivity. And, of course, there is the tuning-
in operation that follows after the set is completely finished and 
installed and the power is switched on. After unpacking the box, 
carefully check over all of the various pieces of equipment nec-
essary for the construction of your screen-grid receiver to be sure 
that the parts received correspond to the items on the list of 
parts included with the kit. 

In addition to the parts actually needed to build your a- c receiver 
there are extra UX sockets and an amperite resistor and mounting 
included in the kit which is for those students who do not have en 
a-c electric power line available to operate their set and, there-
fore, wish to tuilt the receiver circuits to operate entirely from 

batteries. 

Additional items not furnished with the kit and to be obtained by 
the student are as follows:-

Vacuum tubes: 2 type RCA-235 
1 UY -- 224 or UY-224-A " 
1 UT:7 -227 
2 1 RCA-247 

UX-280 

Antenna and ground equipment. 
Loudspeaker. ( Either an aime dynamic type or magnetic 
type speaker may be used with this set, but better 
results should be obtained with the use of a good 
El-c dynamic type.) 

Soldering iron and sufficient rosin core solder or 
solder and flux consisting of alcohol and rosin. 

Small roll of friction tape. 
Baseboard. wide x 23e long and about te to 
1" thick. ( This board should preferably be of 

plywood to avoid warping.) 

(Pentode Kit #30) 
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Note that this receiver is designed to providfl satisfactory oper-
ation when Radiotron tubes of the specified types are used. Or, 
Cunningham tubes of equivalent types will also give satisfactory 
performance. Make certain that al) of the tubes are in good 
operating condition by testing them or imving trlem tested. It 
is important to use two RCA-247 powor tubes having nearly the 
same characteristics, that je , they should be closely matched in 
order to work efficiently in push-pull relation. One way to 
test tubes for operation is to insert each tube in succession 
in the proper socket of some receiver that is operating satis-
factorily and tuned to a broadcast station. A tube which is 
O.K. will give satisfactory reception. 

Before inserting a tube of unknown condition in a receiver it is 
always best to determine whether or not any electrodes in the 
tube are short-circuited. If two electrodes should touch each 
other it might result in damage to certain parts. Tests for 
shorts are provided on Some types of commercial tube testers or 
if no such instrument is at hand a simple continuity test 
circuit could be set up by placing a dry cell in series with a 
1.5 volt lamp, or you could connect in series a battery and 
voltmeter of suitable range. With the two open test leads from 
the respective ends of the test circuit you would proceed to 
touch, in succession, each pair of electrode prongs on the tube 
base. If a short existed either the lamp would light, or the 
voltmeter would read depending upon which test circuit was used. 
There is also another simple means for testing for shorts and 
that is by using your headphones supplied with the kit and 
placing a dry cell in series with it. Whenever the two open 
ends of this test circuit are touched to two points along a 
circuit or across parts and there is a path formed through which 
current can flow a click will be heard in the phones. No click 
would indicate that there is no path for the current and it 
would be known that the circuit under test is open or the 
parts do not touch as the case may be. 

Although either a UY-224 or UYm224-mul may be used in the detector 
stage it is best to use the UY-224-A if possible because it is a 
quick heating tube. 

THERE ARE 8 PARTS TO THIS LESSON. This construction lesson is 
divided into eight parts as follows: 

Part 1. Constructional details and assembly. 
tt 2. Identification of parts and electrical ratings. 

3. Wiring of the socket power unit ( S.P.U.) which in-
eludes the power transformer, rectifier, heater 
and filaments, filter system, and voltage divider. 

tt 4. Wiring of the plate circuits of the tubes in the 
receiver proper and the screen-grid circuits. 

5. Wiring of the r-f circuits, control grids, antenna, 
local-distance switch, and phonograph-radio switch. sh 

6. Wiring of the cathode circuits, volume control, grid 
bias resistors, and by-pass condensers. 

7. Practical operation of the set after the wiring is 
completed and the set is installed. 

8. Placing the r-f circuits in resonance with one 
another. 
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CONSTRUCTJONAL DETAILS. Photographs of the front and rear views of 
the assebbled receiver are shown respectively on the front and in-
side cover pages. After unpacking the parts proceed to identify them 
according to the drawing in Figure 1 which is a plan view of the set 
showing pictorially the general relation of the parts, and with each 
part identified by a key letter and number. Reference to the parts 
list in this lesson gives the names and key numbers used on the 
drawings. Parts not shown in Figure 1 are tube and coil shields 
and five resistors Marked R-4, R-6, R-71R-9, and R-13 but these are 
shown on the wiring diagrams. Figure 2 is the dimensional plan view 
that shows the exact location of the parts to be mounted on the 
wooden baseboard. With a light pencil mark indicate the hole posi -
tions on the board according to the dimensions after which you can 
make small holes in the wood with a punch, or an awl, or a sharp.. 
pointed nail so that the brass screws may be easily screwed into the 
wood to hold the parts in place. All necessary holes are punched in 
the flat aluminum shield plate. We have arranged the parts in a 
particular way on the board so that the circuits may be easily traced 
out for the purpose of instruction and, also, to obtain the most ef-
ficient results. 

*4 

The various parts must be mounted on the board according to the ar-
rangement as shown on the dimensional diagram in Figure 2, or else the 
operation of the receiver may be affected. The parts that go on the 
front panel include the phonograph-radio switch, the combination a-c 
line switch and volume control, and the two pine- jack boards;one for 
the loudspeaker cord tips and the other for the phonograph pick-up 
cord tips. The word "PHONO" is stamped on the latter board. The loud-
speaker pin-jack board is not stamper3 with a name and let us add that 
if you wish to darken its outer surface, which has been smoothed off, 
it can be done by rubbing the surface with an oily rag. 

11 



The holes in the thin metal strip which holds the bakelite Antenna-
Ground post terminal board and the Local-Distance toggle switch are 
punched so that these parts can be mounted in only the correct way 
and this is easy to determine. This mounting strip or plate is screw-
ed to the edge of the baseboard in the position shown on the dimen-
sional diagram. The toggle switch is secured to the plate by first 
placing the hex nut on the threaded portion and then inserting the 
latter in the hole after which the round knurled nut is screwed on 
and pulled up tight. The antenna and ground post screws are backed up 
by lock washers, soldering terminals and smell hex nuts. 

The bakelite tuning dial in made in two parts, the knob and the 
round portion on which the division scale is stamped. To mount the 
dial on the condenser shaft unscrew the knob, loosen brfiss screw, 
slip lial on the shaft in the correct position, tighten nut and then 
screw on the knob. The "0" mark on the dictl should line up with the 
thin line cut in the panel when the condensers are et maximum capaci 

g - tence that is, with their rotor pistes completely in mesh. Thus, 
with 0 dial setting the receiver is tuned to the lowest frequency 
station of the broadcast band and at division " 100" the set is tuned 
to the highest frequency station in this range. 

The knobs for the phonograph-radie switch and the combination vol-
ume control and " OFF-mON" line switch are held on their respective 
shafts by set screws. It will require e stall screw driver to tighten 
these screws. In the event that the knob on the combination volume 
control and line switch should loosen from constant use the set screw 
could be made to take a better hold on the shaft by filing a small 
flat surface on the shaft. 

The photographs of the finished st show how the control rrid clips 
are soldered to the short wires which connect to terminal lugs on 
top of the 3-gAng condenser. An assort -lent of different colored wires 
is furnished with the set. You may use the colored wires for the 
circuits according to our suggestions on the wiring charts or, if 
you prefer, you may work up a color scheme of your own. The two round 
wooden bushings furnished with the kit are to be used under the 
screw holes of resistor R-8. to raise it slightly above the board. 
Satisfactory results when solierig will be obtained if you use either 
rosin-core solder or flux censisting of alcohol and rosin used with 
regular soft solder or wire solder. The electrolytic condenser can 
is held by a clamping ring placed around its lower end. Place a sold-
ering lug under the head of the clamping screw before drawing up the 
nut after which the can should be screwed to the baseboard. 

The wiring up of the set is begun as indicated in Part III by pre-
paring each set of filament and heater wires, first twisting the 
wires in pairs and then cutting them to a given length after which the 
ends should be scraped clean and tinned and finally each one should 
be soldered either to a terminal or spliced and taped as the case may 
te. Follow the wiring diagrams and charts exactly and cut the wires 
to their proper lengths the first time to avoid waste. Each length 
of wire should be placed around or between parts as illustrated and 
its length can be approximated by holding it in the position that it 
will finally occupy before cutting it. Arrange the leads from each 
r-f coil so that these wires will come through the slotted hole in 4° 
the side of the shield can when in place. It is best to loosen a 
part temporarily when soldering on wires if this will make the work 

of soldering the connections easier to perform. 
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KEY NO. RATING  

c «-2 
C -3 
C-4 
C -5 
C -6 
C-7 
C-8 
C -9 

C - 10 
C-11 
C-12 
C-13 
C-14 
C-15 
C-16 
C-17 
L-1 
L-2 
L-3 
L-4 
L-5 
L-6 
L-7 
L-8 
L-9 
R-2 
R-3 
R-4 

18-325 mmfd. 
4-50 " 
.1 mfd. 
.1 tt 

18-325 mmfd. 
4-50 

18-325 " 
4-50 " 

.1 mfd. 
50 mmfd. 
50 

.01 mfd. 
.1 

8.0 " 
8.0 
8.0 
1.0 

20,000 
300 

28,000 

R-5 500,000 
R-6 500,000 

R-7 2,800 

R-8 
R-9 

730 
60 

R-10 16,000 

R-11 16,000 

R-12 6,000 

R-13 1,000 

ohms 

f 1 

f 1 

11 

tt 

NAME  

1st r-f tuning condenser. 
" " trimmer condenser. 

R-F by-pass, cathodes of r-f amplifiers. 
R-F by-pass, screen-grids of r-f amp. and det. 
2nd r-f tuning condenser, n 

trimmer condenser. 
Det. tuning tt 

trimmer ti 

RF by-pass, around det. grid bias resistor. 
'ty between detector plate and ground. 

, detector plate choke and ground. 
Coupling capacitor, det. plate to a-f grid. 
R-F by-pass around grid bias resistor R-7. 
1st filter ( Electrolytic) condenser. 
2nd tt 
3rd it 

By-pass across R-11 and R12. 
Pri. of 1st r-f transformer. (Antenna coil.) 
Sec." 't 
Pri. " 2nd 

tt tt Sec. 
Pri. tt 3rd 0 ft 

et te Sec. n  

Detector plate choke coil. 
Filter reactor. 13 henries.(Choke or inductor. It It 

Volume control resistor. Variable portion. 
Fixed 

Detector grid bias resistor. (Color code is red 
with gray tip, orange dot.) 

Detector plate series resistor. 
1st a-f grid resistor.(Color code is green with 
black tip, yellow dot.) 

1st a-f grid bias resistor. ( Color code is 
blue with white tip.) 

Grid bias resistor for the 247's in push-pull. 
Filament potentiometer ( resistor with mid-tap) 
across the 247 filaments to suppress hum. 

Voltage divider resistor drops high plate volt-
age supplied to 247's to value required for 
plates of 235's, 224 and 227. 

Voltage divider resistor drops voltage to value 
required for screen grids of 235's and 224. 

Voltage divider resistor between screen grids 
and low side or -1,B side of S.P.U. 

R-13 in shunt with R-8 provides bias on 247 1s. 
(Color code of R-13 is brown with black tip, 
red dot.) 

6 



Identification of Parts. ( Conttd). 

KEY NO. NAME 

T-1 Power transformer. ( S-1 supplies heaters of 235's and 224; 
S-2 supplies filaments of 247's and heater of 227; 
S-3 supplies 280 filament; 5-4 supplies high voltage 
to 280 plates; Pri. connects to a-c socket through cord 
and plug and fuse. 

T-2 A-F interstage transformer. Push-pull input transformer 
consists of Pri. and mid-tap sec. 

T-3 Output transformer. Push-pull output transformer 
consists of mid-tap Pri. and Sec. 

S-1 Line switch or "OFF-ON n switch. 
S-2 Radio-Phonograph switch. 
S-D3 Local-Distance switch. 
p.1 Power attachment cord and plug. 
P.2 Phonograph tip jacks. Terminal board. 
P-3 Speaker tip jacks. Audio Output. Terminal board. 
P-4 Terminal board for "ANT-GND" and "Local-Distance" switch. 
P-5 Line fuse and fuse block; 3 amp. fuse. 
P..6 Resistor-Condenser mounting board with det.plate choke. 
Socket 1 235 tube. 1st r-f amplifier. 
" 2 n . n n 
tt 3 224 tt . Detector. 
tt 4 227 n . 1st ampf amplifier. 
n 5 247 tt . Push-pull " 
tt 6 247 n • n It n 

n 7 280 n . Rectifier. 

G-1 
G-2 
G-3 

Ground terminal. 

The complete schematic diagram of the receiver and socket power 
unit is given below in Figure 3. 

IT ANTENNA 
S-3 Í 

C2 

Lii 12 

GROUND 

1$111J 
RCA - 235 

C3 

13 
rt 

• 

COMBINATION LINE.-- / 
SWITCH AND VOLUME-
CONTROL OPERATED i t s.i 

BY ONE KNOB 

1 
1 

"OFF-ON" 1( 
OPERATING 
SWITCH 

Pi 

105-125 v. 
50-60 A.C. 

3 AMP. FUSE 

PR' 

POWER 
TRANSFORMER 

CAPACITOR- DRIVE 

2e..0 R.F. LS 
RCA- 23S 

C 4 

eTO HEATERS OF 224 AND Z3515 

S-2 

eMHEMROF227 AND FIL. OF 247'S 

5-3 

eTon0Flututho 

Ux- 280 
RECTIFIER 

- 

L6 
— *I I 

7 

ELECTROLYTIC 
CONDENSERS 

DETECTOR 
UY-224 

 /0 

R 4 

L9 

RADIO 

C 112j L7 

C10 Cl.! 

T T 

C 9 

R5! 

• 

PSI OINO 

(%  
PHONO. PICK-UP 
TERMINALS 

PRI. SEC. 

UY-t- 2A 2.F.7 12 ‘i 

S 2 

C 15 C 16 

 17 1212 

.%. 

FILTER SYSTEM VOLTAGE DIVIDER 

Figure 3 

Rule 

RCA • 247 

PENTODE 
PUSH -PULL 
AMPLIFIER 

LOUDSPEAKER. , 

TO VOICE COIL OF 
ELECTRO-DYNAMIC 
TYPE LOUDSPEAKER 

• 



Priried in V. t A. 

To W-11 AND ei 12 """ es1Te " Li" TeAC" 
( BROWN w‘ TM YELLOW TRACER 

" 17 " DW le ‘ Df)AAReeK :ZO°W*NNI: LLAARRGGEE SSI1ZZEE 
BLACk W''M RED TRACEReammomm* 

Figure 4 BLACK &wr 

ealummumeeirnieemeileue 

TO w.8 tie) BLACK WITH OWE TRAcFR 
BLACK WT m BLUE 'TRACER 
YELLOw WITM RED TRAcEP 

TO w _6 eta w 7 _ Eieulikon ww:; 64b4 ,TeRAAcCEE:  
POWE 

egkibiSFORt#91 

4 

VileZ 

tat!' 

E 



PART 3 

WIRING OF SOCKET POWER UNIT: THIS INCLUD POWER TRANSFORMER 
RECTIF, FILTER SYSTEY VOLTAGE DIVIDER HEATERS AND 

0 
FILAMENTS. Refer to Figure 4. 

This section of the set first to be wired includes the circuits 
r-i which supply a-c and d-c voltages to the various tubes through-

out the set and consists of the a-c line supply cord and plug, 
to tower transformer, rectifier tube and filter system. There are 
te., 8 ibesistors on P-6 to be wired at the same time, some of these 
> being part of the voltage divider. Just follow the wiring dia-

gram carefully and use red colored wires and green twisted wires 
where we have indicated them on the charts, otherwise you may use 
your own color scheme. Connection wires w-1 to W-36, inclusive, 

are as follows:-

WIRE WIRE CONNECTION 
COLOR NUMPER  

ke Connect either wire of power cord to fuse socket 

lreen terminal # 1. 
Twisted Yake a connection between the other wire of the 

power cord and the black with red tracer wire 
coming out of the power transformer T-1. Solder 
and tape ends of W2 as shown at splices sp-1 and 
SP-2. 

,dge/ Connect a wire between fuse socket terminal #2 
an line switch terminal # 1. 

Mr‘ The black wire coming from power transformer T-1 
should be c cted to terminal #2 of line switch 

t1 

• 

• 

• 

• 

orme 
S-1 
ire W5 is te selsck and red wire from power trans--
former T-1 nnd is not used when th t% set is supplied 
with specified voltage from power lines and, there-
fore, its end should be taped as shown at E-1. 

Connect a wire from the 4hterminal of rectifier 
socket .f:" to one of the brown with green tracer 
wires from power transformer T-1. Splice and tape 
as shown at sp-3. 

Connect a wire from the - terminal of rectifier 
socket #7 to the other brown with green tracer wire 
from T-1. Splice and tape as shown at SP-4. 

Connect a wire from the P terminal of rectifier 
socket #7 to one of the black with blue tracer 
wires from T-1. Splice and tape as shown at SP- 5. 
Connect a wire from the G terminal of rectifier 
socket id" to the other black with blue tracer wire 
from T-1. Splice and tape as shown at SP- 6. 

The yellow with red tracer wire from Tml should be 
connected to G-1 ground terminal. 

Connect a wire from one FIL terminal of 1st a-f 
socket #4 to one of the brown with yellow tracer 
wires from T-1. Splice and tape as shown at SP- 7. 

Connect a wire from the other FIL terminal of 
socket #4 to the other brown with 7ellow tracer 
wire from T-1. Splice and tape as shown at SP-8. 



o 

CONNECTION 

Green 3 Connect a wire from one FIL terminal of socket, Twisted 
4) n 1 to one FIL terminal of pushm-pull socket # 5. 

o 0 Connect a wire from the other FIL terminal of socket 
41 tt #4 to the other FIL terminal of socket # 5. 
w Connect a wire from one FIL terminal of ¡locket #5 

to the one FIL terminal of socket #6. 
,.........,.... e _ Connect a wire from the other FIL terminal of socket 

n #5 to the other FIL terminal of socket # 6. 
, connect one of the large size brown wires coming from 

Tdmil to one of the FIL terminals of 2nd rimpf socket #2. 
Connect the other large size brown wire coming from 

n Tml to the other FIL terminal of socket # 2. 

ive: Connect a wire from one of the FIL terminals of socket 
n #2 to one of the FIL terminals of detector socket #3. 

le° , Connect a wire from the other FIL terminal of socket 
#2 to the other FIL terminal of socket #3. 

" _>21 Connect a wire from one FIL terminal of socket #3 to 
n one FIL terminal of 1st r-f socket #1. 

. IWA.22 Connect a wire from the other FIL terminal of socket 
#3 to the other FIL terminal of socket #1. 

3 Connect the yellow wire of filter choke L-8 to the 
-F.' terminal of rectifier socket #7. 

Connect a wire from -F socket #7 to one of the 
terminals (#1) on top of the electrolyt ic condenser. 

&2.5 Connect the green wire of choke L.8 to terminal (#2) 
. . ...• •I• .. • ., ------- on top of electrolytic condenser. If this green pigtail 

wire does not reach the terminal, splice on a short 
f eee&e." 4 7 ' #(41̀  ',ex r4,iiriot length of connecting wire. • ,-.- 4-......b.m.........„..... 

Weilelgonnect the yellow wire of choke 1,-.9 to terminal (#2) 
•'\ 2!l'e:"Atere on top of the electrolytic condenser. 

e# W2r7 Connect the green wire of choke L...9 to terminal (#3) ità.a-,--. ''''''1‘'- •*:, *If ç ORIMeetlifflaftale. gliek & . j , , 

•, • , ' , à ,r-

-••••»- . on top of the electrolytic condenser. 
Cn 

"4-obe _ yb, 

uplie.A. ad I 4 itiMaMpfaleet». e nect a short wire from the lug(#4)on the clamping 
-'ring of the electrolytic condenser to G-1 ground 
terminal. 

Connect a wire from terminal #2 of capacitor C-17 to 
-------- terminal #2 on top of the resistor mounting board 

eee, 1)-6. 
Connect a wire fróm soldered terminal #3 at rear of 
a 

......------ ...................„. cpacitor C-17 to G-1 ground terminal. 

j oe Connect a wire from terminal #3 of electrolytic con-
-------- -- denser to terminal #11 on resistor mounting board 

, ialie Connect a wire from G-2 ground terminal to terminal 
- #7 on resistor mounting board Pm6. 

3 Connect a wire from G-1 ground terminal to terminal 
#1 on resistor mounting board Pm6. 

r-i ft 

4 Connect a wire from G-1 ground terminal to either 
one of the FIL terminals of socket #2. 

5 Connect a short bared wire between terminals 2, 3, 
and 4 on resistor mounting board P-6. 

6 This refers to the same short wire explained above 
for #35. 
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PART 4 

PLATE CTRCUITS OF RECEIVING TUBES AND SCREEN GRID CIRCUITS. Refer 
to Figure 5. 

The wiring diagram in Figure 5 shows all of the leads that must be 
pust in place to connect up the circuits associated with the plates 
and screen-grids of the receiving tubes. This wiring is simple to 
follow and will not require any special Instruction other than to 
observe the suggestions already outlined for accuracy in placing on 
the leads and care in soldering. 

All wires which carry direct current, and this refers to the plute 
leads of the tubes in the receiver proper, do not require twisting 
as in the case of wires carrying alternating current, for example, 
the filament and heater wires which are made up in twisted-pair. 

WIRE WIRE  
COLOR NUMBER CONNECTION 

iee /e Connect a wire from terminal marked #1 on the draw-
ing of r-f coil #2 to the P terminal of socket #1. 

Connect a wire from terminal marked #2 of coil #2 to 
the terminal marked #2 of coil #3. 

Mle( Connect a wire from the terminal marked #2 of coil #3 
to terminal marked #4 on resistor mounting board P-6. 

(1N40 Connect a wire from P terminal of socket #2 to the 
terminal marked #1 of coil #3. 

1 Connect a wire from P terminal of socket #3 to terminal 
#8 on resistor mounting board P-6. 

,W42 

4#4/3 

Connect a wire from terminal # 1 of coupling capacitor 
C-12 to terminal # 10 on resistor mounting board P-6. 

Connect a short bared wire from terminal #9 to terminal 
#10 on resistor mounting board P-6. 

4 Connect a short bared wire from terminal #6 to terminal 
#7 on resistor mounting board P-6. 

Connect a short wire from terminal #5 to terminal #8 on 
resistor mounting board P.6. Wire should not touch 
condenser case. 

46 Connect e wire from P terminal of socket #4 to the red 
and yellow ( 50-50) wire coming from T-2 in the audio 
pack. Splice and tape as shown at SP- 9. 

Red W47 Connect a wire from terminal #4 on resistor mounting 
board P-6 to the red with yellow tracer wire coming 
from T-2 in the audio pack. Splice and tape as shown 

,at .SP-10. • e•4 

W48i Connect a wire from terminal #3 on electrolytic con-
denser t( the red wire coming from T-3 in the audio 
pack. Splice and tape as shown at SP- 11. 

r 

W49 Connect a wire from P terminal of socket #6 to the 
left-hand pin jack #1 of loudspeaker terminal board 
P-3. 

-12--
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WIRE WIRE  
COLOR NUMBER CONNECTION  

W50k/Connect a wire from P terminal of socket #5 to the 
•4 right-hand' pin jack #2 of loudspeaker terminal board 

34, Note that terminal board P-3 is to be used for ee ID-'connecting in a magnetic type loudspeaker. (Read 
explanation below) 

W5], Connect one of the blue wires coming from T-3 in the 
y audio pack to P terminal of socket #6. 

57-tee W52KConnect the other blue wire from T-3 in the audio pack 
P terminal of socket #5. 

Wire W-53 is one of the black wires coming from T-3 in 
the audio pack and should be taped up as shown at E-2. 

Wire W-54 is the other black wire from T-3 in the audio 
pack and should also be taped up as at E-3. Note that 
leads W-53 and W-54 are to be used for connection to 
the voice coil of an a-c electrodynamic speaker if 
this type is used. If a speaker of this type is not 
used tape up the ends as shown at E-2 and E-3. Read 
explanation below. 
onnect 'a wire from G terminal of socket #3 to terminal 
#12 on resistor mounting board P-6. 
onnect a wire from G terminal of socket #3 to G 
terminal of socket #2. 

"Connect a wire from G terminal of socket #3 to 
terminal #3 of capacitor C-4. 

/Connect a wire from G terminal of socket #1 to 
4 terminal #3 of capacitor C-4. 
Connect a wire from G-2 ground terminal to soldered 

C m_ sp..---------connection #4 on rear of capacitor C-4. 

Method of Connecting Louds eaker to Set. Although the loudspeaker 
is not to be conne cf un t e rece ver is completely wired and 
assembled let us mention at this time that if a magnetic type 
loudspeaker is used the speaker cord tips should be inserted in 
the pin jacks at the left of the panel as shown in Figure 11. 
Figure 12 shows how to connect the voice coil leads of an a-c 
electrodynamic type speaker providing it is not supplied with an 
input a-f transformer. The two wires W-53 and W-54 come from the 
secondary winding of the a-f output transformer T-3 in the set and 
the signal current induced in this winding is delivered directly 
to the voice coil. This type of speaker would contain a field 
supply transformer and rectifier tube as indicated in the sketch 
or in some types a dry-disk rectifier would be used instead of a 
tube to change the a-c to d-c for energizing the field coil. 
Most of the completely equipped a-c electrodynamic speakers on 
the market have an input a-f transformer in addition to the field 
supply transformer, rectifier, and speaker itself. With a com-
plete assembly leads W-53 and W-54 would be taped and remain 
unused and the cord tips to the input a-f transformer of the 
electrodynamic speaker would be inserted in the pin jacks at the 
left of the panel like the speaker cord in Figure 11. As Figure 
12 illustrates, the receiver and electrodynamic speaker each have 
their own power attachment cord and plug for inserting in some 
convenient soc.ket or outlet in the a-c lighting system. 
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PART 5 

WIRING OF R-F CIRCUITS CONTROL GRIDS ANTENNA LOCAL-DISTANCE  
SWITCH, AND PHONOGRAPH-RADIO SWITCH. Refer to Figure 6. 

The radio-frequency circuits are especially critical as to the 
placing of the wiring, hence, this should be done exactly as we 
recommend in the diagram. In your wiring job you will find it 
easier to wire up certain parts on the front panel by removing the 
dial and loosening the panel and then slipping the panel slightly 
forward. Also, you can loosen the gang condenser and turn it on 
its side temporarily to get at the terminal connections underneath. 
This sort of practical work should be arranged to suit your con-
venience. Note that there are three soldering lugs located under-
neath the gang-condenser and also three lugs on top for making 
convenient connections to the stator plates. Lugs marked 1, 2, 3, 
4, 5, and 6 connect to stator plates of the respective tuning 
condensers, whereas 7,8, and 9 are brass strips, connecting to 
the rotor plates. "Note that lugs 4, 5, and 6 are on the underside. 

WIRE WIRq_ 
COLOR Nine ER 
Red 

tt 

CONNECTION  

0 One end of this wire should be soldered to a control 
grid clip CG-1 and the opposite end to terminal lug 
#1 on top of the 1st r-f tuning condenser. Measure 
the length of wire W-60 carefully so that it will 

/ reach to the cap on the RCA 235 tube when the tube 

is in place in socket # 1. 
One end of this wire should be soldered to the second 
control grid clip CG-2 and the opposite end to ter-
minal lug #2 on top of the 2nd r-f tuning condenser . t S/ Also measure the length of this wire carefully so 

One end of this wire is soldered to the third grid 

that it will reach to the métal cap on the second 
SG tube when the tube is in place in socke t #2. 

clip CG-3 and the opposite end to terminal lug #3 on 
top of the 3rd r-f tuning condemser. This wire must 
reach to the metal cap on the SG detector tube when 
it is in place in socket #3. This wire may be run 
through the small hole in the side of the condenser. 

Connect a wire from terminal(#4) located at top of 
tubing of coil #1 to soldering lug (#4) located at 
lower right side of 1st tuning condenser. 

Connect a wire from terminal (#4) of coil #2 to 
soldering lug (# 5) located at the lower right sidA 
of 2nd tuning condenser. 

Connect a wire from terminal (#4) of coil #3 to 
soldering lug (#6) located at lower right side of 
3rd tuning condenser. 

Connect a wire from terminal (#3) of coil # 1 to top 
end of thin brass trip (#7) located underside just 
in back of the 1st r-f tuning condenser plates. 
The brass strip serves os a spring pressing against 
rotor plates and for a ground connection. 

-15-
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COLOR NtrbIBÉ CONNECTION 

ot. 

Connect a wire from terminai (#3) located at top of 
tubing of coil #2 to top end of thin brass strip 
(#8) located underside just in back of the 2nd 
r-f truning cond(mser plates. 

Connect a wire from terminal (#3) located at top of 
tubing of coil #3 to top end of thin brass strip 
(#9) located underside just in back of the 7)rd r-f 
tuning condenser plates. 

Connect a wire from G terminal of socket #4 to ter-
, minal #2 ( second leaf from left) of phonograph-

radio switch S-2. 

4r70 Connect a very short bared wire betweun terminals 
#2 and #3 ( second and third leaves from left) of 
phonograph-radio switch S-2. 

W71 Connect a wire from terminal #4 ( fourth leaf from 
left) of phonograph-radio switch S-2 to terminal 
#2 of coupling capacitor C-12. 

lerk Connect a wire from terminal #1 ( first leaf on left) 
of phonograph-radio switch S-2 to left-hand pin 
jack #1 of "PHONO" terminal board P-2.. 

W73 This wire is one of the stiff pig-tail wires on the 
end of the tubular type resistor R-6 and should be 
soldered to terminal #3 of phonograph-radio switch 
S-2. Resistor R-6 should be mounted vertically. 
The color code for this resistor is green with 

-black tip, yellow dot. 

W74 This wire is the other pig-tail on resistor R-6 and 
should be soldered to G-3 ground terminal. 

W7b This wire is one of the green wires coming from T-2 
in the audio pack and should be connected to G 
terminal of socket #5. 

W76 This wire is the other green wire from T-2 in the 
a'udio pack and should be connected to G terminal 
of socket #6. 

This wire is the yellow wire from T-2 in the audio 
pack and should be connected to G-2 ground terminal. 

Connect a wire from G-2 ground terminal to terminal 
#1 on resistor R-8. 

W79 Connect a wire from terminal #2 on resistor R-8 to 
the midtip terminal #2 on resistor R-9 after first 
soldering the two off-set lugs attached to the ends 
of R-9 to F and F terminals of socket #6. 

Connect a wire from "ANT" post lug to top lug of 
switch S-3. 

W81' Connect a wire from bottom lug of switch S-3 to 
terminal #1 of coil #1. This terminal is the 
second one at the left of the bracket. 

Connect a wire from nGND" post lug to G-1 ground 
terminal. 
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PART 6 

WTRING OF CATHODE CIRCUITS VOLUME CONTROL. GRID BIAS RESISTORS 
AND BY-PASS CONDENSERS, Refer to Figure 7. 

WIRE WIRE 
COLOR Nt 

The 

W 

Ate.* • Aug . 

w9r 

3 

W94 

er7 

wiring of 

CONNECTION 

Connect a wire from C terminal of let rempf socket #1 
to the C terminal of 2nd rimf socket #2. 

Connect a wire from terminal #5 of volume control 
R-2 to the C terminal of 2nd r-f socket #2. 

Connect a wire from terminal #4 of volume control 
R-2 to right-hand pin Jack 2 of " 

m na board P72. 

Connect a wire from terminal #2 of coil #1 to the 
right-hand pin jack #2 of " PHONO" terminal board 

ef. P-2. 

This refers to a short bared wire which should be 
soldered to terminals #2 and #3 in either side of 
the bracket of coil #1 and to the soldering lug 
which you should attact under the head of the machin 
screw which holds the bracket to the tubing. Hence, 
when the bracket is screwed to the flat aluminum 
pliield plate then all connections to the lug or to 
terminals//2 and #3 will be grounded. 
Connect a wire from the C terminal of 2nd r-f socket 
#2 to terminal #1 of by-pass condenser C-3. 
Connect a wire from the C terminal of detector socket 
#3 to terminal #1 of by-pass condenser C-9. 
Connect a wire from the C terminal of 1st a-f socket 
#4 to terminal #2 of by-pass condenser C-13. 

This wire is one of the stiff pig-tail wires on 
resistor R-4 and it should be connected to terminal 
#1 of by-pass condenser C-9. (The color code for 
R-4 is red with gray tip, orange dot.) 

This wire is the other stiff pig-tail wire on re-
sistor R-4 and it should be connected to G-2 ground 
terminal. 

This wire is one of the stiff pig-tail wires on 
resistor R-7 and it should be connected to G-2 
ground terminal. (R-7 is blue with white tip.) 

'Phis. wire is the other stiff pig-tail wire on re-
sistor R-7 and it should be connected to the C 
terminal of 1st a-mf socket #4. 

Connect a wire from C of socket #5 to C of socket #6. 
Connect a wire from C of socket #6 to terminal #11 
at rear of the terminal board. 

Connect one end of the resistor R-13 to #2 terminal 
of resistor R8. 

Connect the other end of resistor R13 ( brown with 
black tip, red dot,) to the other end of resistor 
Re ( terminal # 1). 

Remove paint from leg of AF transformer and con-
nect wire from ground #2 to leg of transformer, 
that is, under the screw. 

all the circuits is now completed. 

e 
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PART 7 

PRACTICAL OPERATION OF THE SCRIt:EN-GRID RFCMIVER. 

After completing thu wiring of all the circultm they should be 
carefully chocked. While doing this you muut not permit anything 
to distract your attontion, or else you may overlook an error. It 
is best to place a check on ouch individual wire of the complete, 
wiring diagram in Figure 8 tit the time that you examine each wire 
on the set itself and in this way you will be assured of having 
inspoctéul every wire. 

It is advisable to check over a circuit of this kind sometime after 
the construction and wiring have been completed but not immediately 
after. A very sound practical reason can be advanced for this 9ug-
gestion. For instance, if you finish your wiring one day wait 
until the following day to go over the work and then do it slowly. 
Never attempt to check when you are tired or fatigued for it la 
invariably in such circumstances that one will make omissions, or 
errors which are difficult to locate at the time. If you will 
exercise a little patience and wait until the next day the whole 
lay-out of the receiver will take on a different appearance to you; 
in fact, the relation of the parts and circuits in general will 
be much clearer to you than at the time when you were concentrating 
on the placing of the many wires in their proper positions. In a 
few words, it could be said of any form of work that if mistakes 
occur they are more quickly and easily found a day or so after the 
completion of the actual work. The facts just related hold equally 
true for all kinds of engineering and manufacturing work and, hence, 
in large organizations the work of an individual seldom gets the 
final check by the person who performed the work. 

When the wiring has been completed according to the wiring diagrams 
and all of the work has been gone over and inspected again for 
cold-soldered joints, rosin joints, and correct wiring, then it is 
time to place the radio-frequency shield cans in their proper 
positions over coils 2 and 3. 
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In regard to the antenna and ground leads it is to be understood 
that the various parts which comprise this equipment, such as the 
insulators, the antenna and ground and lead-in wires, the ground 
clamp, and so on, may be of any standard make. It is suggested 
that you erect an antenna about 50 ft. to 75 ft. in length to 
obtain best results. A longer antenna than this may be required 
in certain locations if remotely located from broadcasting stations. 
Or, in certain cases where there is local interference originating 
within the same building where the set is installed, it is recom-
mended that a longer antenna be used with a shielded lead-in wire 
which will help to raise the signal level above the noise level and 
thus improve reception. The metal braiding on the shielded lead-in 
wire, if used, may or may not be grounded and which is best can be 
determined by the results. The local-distance switch provided with 
the kit allows the receiver to maintain its selectivity even with 
the use of n long antenna and in localities which are close to 
powerful broadcasting stations. This switch allows the antenna to 
be disconnected when receiving from these nearby powerful stations. 
The length and general arrangement of an antenna system is some-
thing that can be experimented with to get the best arrangement for 
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a given location. An indoor antenna can be easily made by install-
ing about 50 ft. of ordinary bell wire around the picture moulding. 
Water pipes where available are generally used for grounds and gas 
pipes should be avaoided for this purpose. 

Placing the Set into Operation. The receiver is now ready for 
opPrafion and applying póWFF—Trom the aimc mains. Follow the pro-
cedure given below to place the set in operation: 

(a) First connect the loudspeaker to the receiver. The con-
nections for either a magnetic type or a-c electromagnetic 
type are indicated in Figures 11 iand 12, respectively. 

(b) Now connect the antenna lead-in wire and ground wire to 
binding posts marked "ANT" and "GND", respectively. 

(c) Next insert the tubes in their proper sockets according to 
the picture diagram of the set in Figure 1 and place the 
tube shields in position. Then place each clip respectively 
on the metal cap on top of each 235 and the 224 tube. 
Each clip with its wire forms the connection to the con-
trol-grid of a tube and is the wire through which the 
signal energy passes. It is important that the two RCA- 247 
pentode tubes be closely matched to insure good reproduc-

tion. 

(d) Be sure that the operating switch has been in the "OFF" 
position during this time. Now insert the plug attached 
to the electric cord from the power transformer in the 
lighting socket of the Et-c supply, or any convenient 
outlet in the house-lighting system. Before plugging in 
on the a-c line be sure the "OFF-ON" or line switch on 
the upper right of the front panel is in the " OFF" po-
sition as just mentioned. To place the switch in this 
position turn the knob as far as it will go to the left. 

(e) If you do not already know the voltage and frequency of 
the a-c supplied to your premises make inquiry from the 
district office of the electric company to ascertain if 
the alternating current is of proper voltage and fre-
quency for your set, that is, 105 to 125 volts a-c at 
a frequency of 50 to 60 cycles. 

(f) Next place the phonograph-radio switch in the radio 
position by turning the knob at the upper left on the 
front panel to the left. 

(g) Now turn the operating switch to the "ON" position which 
is done by turning the upper right-hand knob to the right 
until you hear it click. By further turning this knob to 
the right you regulate the volume. Now place the " LOCAL-
DISTANT" switch in the "DISTANT" position by throwing 
the toggle switch toward the GND post. Power is now on 
the receiver circuit and it will require a brief interval 
for the tubes to warm up. Turn the volume control about 
half way to the right and begin adjusting the "Station 
Selector," which is another name for "Tuning Dial." At 
some position on the dial, gs it is rotated slowly across 
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tnt 1n 
whose transmitting frequency la within tht, rangm or you r 
receiver, or the broadcast range, h`i we coLlumwly re,ftir to It. 

CAUTION: Nevor allow any part of your body to come into onntbrt 
with open wiring or terminals while the power la on as 
h disagreeable shock may be experimnced. Keep clear of 
the three terminals on top of the electrolytic% condenser. 

Important Points about Operation: 

Oscillation. From your previous study of radio receiving circuits 
you know that maximum volume of a given signal is obtained at a 
point just before oscillation starts. A slight amount of oscilla-
tion will probably be noticed when the volume control is set at or 
near maximum. This is especially true when tuning at the lower fre-
quencies, but in this receiver any tendency toward oscillation can 
be controlled by use of the volume control knob. 

Volume Control. The use of the 235 variable mu tubes in place of 
the regular screen grid 224ts in the r-f stages of a receiver 
allows for better control of volume. The maximum signal may be as 
great when using either type of tube but the volume control has a 
greater effect when using 235 tubes. If the signal should be too 
strong at any time and it cannot be reduced by regulating the 
volume control it is suggested that the antenna switch be changed 
to " LOCAL" position and then readjust the volume control to give 
the desired volume. 

Overloading. Since the 247 type tube gives maximum undistorted 
power output with only about 16 volts ( peak a.c.) input ( grid bias), 
whereas 245 tube requires about 40 volts input, it is quite possible 
that the output of the 1st a-f stage ( on a strong signal) will be 
more than the 16 volts necessary for maximum output. Excessive input 
grid voltage will cause distortion of the reproduction which is 
especially noticeable at low audio frequencies. This condition can be 
corrected by reducing the volume with the volume control or by use of 
the local antenna switch as previously suggested. A condition of this 
kind simply indicates that the amplifier ahead of the output stage 
has a greater amplification ( sensitivity) than is necessary to get 
the maximum possible undistorted output of the 247 tubes on a strong 
signal, If the volume were reduced to eliminate this overloading of 
the output stage, the receiver would still deliver more power out-
put than when using the regular 245 power tubes. 

Sensitivity. The greater amplificatirn of a 247 tube over a 245 
accounts for the increased sensitivity of this receiver when using 
247 pentode tubes instead of 245ts in'the output. Hence, it is 
possible to overload the 247ts on local signals but this is to. be 
considered an advantage since it also gives greater output on 
weaker signals. 

Audio Whistle. A steady whistle in the loudspeaker which is not 
affected by tuning the receiver is an indication of audio oscilla-
tion. To prevent this condition make sure the case of the audio 
transformer is well grounded with wire W-99. Scrape the metal clean 
on the mounting leg of the transformer dose to which the bare end 
of wire W-99 loops around under the screw head which holds the 
transformer in place in order to make a good metal to metal con-
tact for this ground. 

-22-
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Electrolytic Condenser. The receiver will begin to operate when the 
tubes have warmed up and the electrodes of the electrolytic condenser 
have been formed. This may take several minutes and may be accom-
panied by considerable hum. However, if the electrolytic condenser 
buzzes continually it is an indication that the condenser is broken 
down due possibly to abnormally high voltage in the circuit. Several 
possible causes for high voltage are as follows: too high a line 
voltage; open bias resistor or poorly soldered connection in the 
push pull stage, or, en open high voltage lead. When the cause 
of the breakdown has been removed the condenser will heal itself, 
that is, electrodes will properly form to prevent a direct passage 

of current through the condenser. 

PART 8  

LINE-UP ADJUSTMENTS OF THE RADIO-FREQUENCY CIRCUITS, See Figure 1. 

Each of the tuned radio-frequency circuits are balanced, or placed 
in resonance with one another, by means of a small variable conden-
ser, the capacitance of which can be altered very easily by a 
simple adjustment. A condenser used for this purpose is called a 
"trimmer condenser, or " line-up" condenser, and is connected in 
parallel to the main tuning condenser of the r-f circuit and the 
process is called aligning, synchronizing and phasing. 

The small line-up condensers in your set are located on the top of 
the 3-gang condenser assembly. Notice the position of the three 
smell hex nuts, and that each one is used to adjust a trimmer con-
denser. By turning the nut one way or the other the distance be-
tween the two plates of the trimmer condenser is changed. It is 
made either greater or less, and in this way the condenser's capa-
citance is varied. Let us again repeat that the three small conden-
sers are connected in parallel to the main tuning condensers and 
their purpose is to compensate for any lack of agreement in reson-
ance between the three r-f circuits which might be due to slight 
variations in parts, or wiring of the r-f amplifier. It is absolutely 
necessary to have the three r-f circuits in synchronism throughtout 
their tuning range before the receiver can operate with maximum 

sensitivity or selectivity. 

The procedure for synchronizing the r-f circuits is as follows: 

(a) Tune in a station whose frequency is not less than 1200 ke. 
If you already possess a modulated oscillator this may be 
used in place of an actual broadcast signal since the 
oscillator sends out a note having a modulation of uniform 
character. A modulated oscillator can be constructed very 
easily according to tte circuit diagrams and constants of 
the parts as shown in Figures 9 and 10. If you intend to do 
very much testing and adjusting of receivers it will repay 
you to build a modulated oscillator because it can be used 
any time and at any place in the absence of a radio signal 
and, moreover, the audio modulation of an oscillator of 
this type is of uniform character as just stated. Its use 
enables one to meke more satisfactory adjustments. 

-23--
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(b) 
Now tune in the signal carefully from the brohdcbsting 
station, or from the modulated oscillator, and adjuot the 
trimmer condenser connected with the rumr circuit or the 
detector. The nut for this condonsor is the last one to-
ward the rear of the gang condoner. The nut should be 

turned either one way or the other until a maximum valuti 
of signal is obtained from the loudspeaker Make this 
adjustment carefully because it is very critictil. It is 
preferable to use a socket wrench on this nut, but if one 
is not at hand you can use pliers but Le very careful not 
to burr up the edges of the nut. Hemove the socket wrench 
or the pliers from the nut before judging the adjustment. 

Next adjust the trimmer condenser attached to the tuning 
condenser associated with the 2nd r-f amplifier stage. The 
nut for this adjustment is the middle one of the three find 
it should be turned until the signal comes in loudest in the 
same manner that the detector trimmer condenser was adjusted. 

(d) This time the trimmer condenser associated with the 1st r-f 
amplifier is adjusted for maximum signal strength in pre-
cisely the same way as in the case of the other two trimmer 
condensers. The adjustment nut for this condenser is the 
first one toward the front of the gang condenser. 

(e) It is recommended that the adjustments be gone over carefully 

(f) 

a second time in order to check up the work and any further 
changes that are considered necessary should be made at this 
time. 

After the second set of adjustments have been made the line-
up of the three rempf circuits should be correct and the re-
ceiver reedy for efficient operation. It is important that 
these adjustments be made with the " LOCAL-DISTANT" switch in 
the "DISTANT" position. There are no other adjustments 
required for this receiver except those you have just made 
for synchronizing the r-f circuits. Normal operation of 
the set should be obtained upon satisfactory completion of 
this Work. Let us mention here that if the socket wrench 
used is made of an insulating material, such as bakelite 
for instance, and has a handle at least 6" long it would 
be unnecessary to remove the wrench each time an adjust-
ment was made because the so-called body capacity effect 
would not then affect the adjustment. After the trimmer 
condensers are adjusted place the narrow aluminum shield 
plate on the condenser frame as shown in the rear view 
photograph of the set. 

MODULATED OSCILLATOR. The circuit diagrams of two modulated oscil-
lators are shown schematically in Figures9 and 10, one being 
battery operated and the other electrically operated from the a-c 
power line. All that is required to set the oscillator system in 
Figure 9 into oscillation is to plug in on either an a-c or d-c power 
line of 110 volts. A pick-up coil consiPting of 4 turns of No. 18 
rubber-covered wire is wound over the large coil and when the end 
of the pick-up wire is connected to the antenna terminal post of 
the receiver the pick-up circuit carries the oscillator signal 
energy from the oscillator to the receiver. A satisfactory signal 
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is often obtained by first wrapping a rubber band around the antenna 
post and then wrapping the end of the pick-up wire once or twice 
over the rubber band. The pick-up coil must be thoroughly insulated 
from any direct electrical connection with the wiring or parts of 
the oscillator circuit to guard against a possible short circuit. 
The oscillator may be placed six feet or more away from the receiver, 

at a distance that you find will give a reasonably lete signal. 
or 
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SUMMARY.  If the receiver fails to operate after all instructions have 
been specifically carried out, or if it operates but gives abnormal 
results, then the trouble is possibly due to a mistake in the wiring, 
a defective tube, or loudspeaker cord, or speaker, or fuse, or some 
one of the parts in the set may not function. Since every part fur-
nished in the kit is carefully tested before shipment you should 
make every effort to find any existing trouble before assuming that 
the cause of failure is in one of the parts. Recheck the antenna 
system, tubes, wiring and all soldered joints to make certain that 

the electrical connections are good. 
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The sketches in Figures 11 and 12 show how loudspeakers of different 
types should be connected to your set. To use the receiver's ampli-
fier to reproduce phonograph records first insert pick-up leads in 
the pin jacks at lower right of front panel and then turn the knob 

at upper left to the right. 
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INSTRUCTIONS POR ADAPTING 245 TUBES IN THE PUSH-PULL OUTPUT. 

If a student desires to use 245 power tubes in push-pull sockets 
#5 and #6 of his a-c receiver it can be easily done by making a 
few minor changes as outlined below. The schematic diagram with 
the circuit adapted for 245's is shown in Figure 13 while the 
complete wiring diagram is shown in Figure 14. 

How to alter the original wiring shown in Figures  4e 1 e 5 6  and 7: 

Remove wires W-95 and W-96 altogether from the set since screen 
grid voltage is not required for 245 18. 

Remove resistor R-9 from the "PIC filament terminals of socket #6. 
Remove grid wires W«.75 and W-76 from the "G" grid terminals of 
sockets #5 and #6 respectively. 

Remove plate wires W-49, W-50, W-51 and W-52 from the " p" plate 
terminals of sockets #5 and #6 respectively. 

Remove filament wires W-13, W-14, W-15, and W-16 from the 
"PIC filament terminals of sockets #5 and #6 respectively. 

Remove resistor R-13 by disconnecting its pigtail leads, marked 
W-97 and W-98, from the terminals of R-8. Wires W-78 and 
W-79 must remain connected to Rome and R-9 as shown. 

Remove UY sockets #5 and #6 from the board. 

Haw to rewire the output for the 245's as shown in Figure 14: 

Mount UX sockets #5 and #6 in place according to Figure 14. 
Connect resistor R-9 in place to "p" terminais of socket #6. 
Connect grid wires W-75 and W-76 to " G" terminals of sockets 
#5 and #6 respectively. 

Connect plate wires W-49 and W-51 to "P" terminal of socket #6, 
and connect wires W-50 and W-52 to " P" terminal of socket #5. 

Connect wires Wimil3 and W-14 to "F" terminals of socket #5. 
Connect Wm- 15 and Wm.16 to "F" terminals of sockets #5 and #6. 

With the above changes 245 tubes may be used in sockets #5 and #6. 
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Additional Points About The Kit. An examination of Figure 8 shows 
That all of the filament and heater wiring is of twisted puirs of 
wire. This method of twisting the wires is absolutely essential so 
that the magnetic lines set up by the alternating current flowing in 
the wires will be cancelled out for all practical purposes by the 
action of the field surrounding one wire upon the field around the 
adjacent wire. Note that either end of a twisted pair may be soldered 
to either one of the filament or heater terminals on a tube socket 
since Polarity is no consideration in heaters and filaments when 
suppliel with alternating current. 

Special attention is to be directed toward the radio-frequency trans-
formers. There are three r-f coils supplied, two of which are exactly 
similar in appearance. The transformer which is different is packed 
separately in a box and is the 1st r-f or antenna coil. It has a few 
less turns of secondary wire than the 2nd and 3rd ravf c.oils which are 
alike and are packed together. Shield cans are used only with the 
2nd and 3rd coils and, therefore, the shield bases should be in place 
before the brackets holding these coils are secured to the board. 
Remember to place the cup-shaped aluminum shield bases in position 
under the 2nd and 3rd r-if coils before screwing the coil brackets 
down tight. The shield cans for covering these coils should be 
placed in position when the wiring is completed. 

VOL. 36 #1 

EXAMINATION QUEST IONS  

1. Why are filament and heater wires made up in twistedi-pair? 

2. Name the different windings of the power transformer and 
tell what each is used for. 

3. What precaution should be made when soldering leads to the 
terminal lugs of small fixed condensers? 

4. What are trimmer condensers used for? 

5. Explain how you lined up the radio-frequency stages in 
your set. 

6. When getting a set of tubes together for the receiver should 
you be particular in any way about the two power tubes used 
in the push-pull amplifier stage and why? 

7. What is the "LOCAL-DISTANT" switch used for? 

8. Suppose the leads from a phonograph pick-up unit were plugged 
into the pin jacks of the " PHONO" terminal block and the 
phonograph-radio switch were placed in the phonograph 
position. Explain through what circuits the music and voice 
currents of the record reproduction would travel to reach 
the loudspeaker if an electro-magnetic type speaker were used. 

9. In general what are the advantages of a screen-grid set? 

10. How is control grid bias obtained for the r-f tubes in your 
set? 
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THE TUNED-GRIL, TUNEL-PLATE CIRCUIT  

Up to the present we hove dealt with a number of receivers, each employing 
a rerenerative vacuum tube detector. With one exception, all of these re-
ceivers made use of n tickler coil in ordar to secure the feed-beck neces-
sary to reFeneration end its allied phenomenon, oscillation. In each in-
stance feed-baok wes secured by virtue of electromagnetic induction, and 
the principal difference in these circuits lay in the mcnner of controlling 
feed-back. Such control, of course, is necessary in order to maintain the 
tube at its most advantageous adjustment for th._ reception of broadcastin, 

that is, nt the point of maximum reeneraticn. 

It is the purpose of this lesson to deal with a circuit arrangement which 
will give rise to regeneration and oscill9tion in a vacuum tube, and it is 
important inasmuch as it has a direct bearing upon the greatest problem en-
countered in radio-frequency amplification, a subject with which we shall 
soon concern ourselves. This problem is how to prevent oscillation in a 
radio- frequency amplifier, and this lesson will serve as an introduction to 
the causes of oscillation in such circuits. 

The circuit dealt with in this lesson is that of a vacuum tube detector and, 
when properly adjusted, it will enable the user to secure regeneration and 
oscillation. As a regenerative detector tube circuit it is as sensitive and 
selective as any heretofore described, but it is of little practical value 
due to the difficulty encountered in controlling feed-back and for that rea-
son is seldom used today. When it is desired to introduce regeneration into 
a vacuum tube detector, one of the tickler coil circuits already described 
is utilized. It is described herein, not because it is especially valuable 
a. a regenerative detector circuit, but because it leads directly to important 
considerations entering into the functioning of radio frequency amplifiers. 

This circ -Jit, which is shown schematically in Figure 1, is known as the tuned-
grid tuned-plate circuit; the origin of the name being obvious after a single 
glance at the schematic wiring diagram. The grid circuit of the tube is 
tuned by the inductance L1 and the condenser Cl, while the plate circuit is 

tuned by the inductance L2 and condenser C2, 

The tube will oscillate readily when the grid and plate circuits are both 
tuned to the same wavelength; and by de-tuning the plate circuit so that it is 
no longer tuned to the same wavelength as the grid circuit, the tube can be 
stopped from oscillating and adjusted to the point of maximum regeneration. 

Oscillation takes place despite the fact that there need be no electromagnetic 
coupling between the plate and grid coils, as was necessary in the other re-
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generative detector circuit; with which we have dealt. As a matter of fact, 
in the actual lay-out of the apparatus in the receiver the plate and grid 
coils are deliberately placed at right angles to each other, thereby re-
ducing the electro-magnetic coupling between them to practically zero. If 
no electro-magnetic coupling exists between the plate and grid coils It Is 
obvious that no electro-magnetic induction can take place between them and 
thus effect feed-back. from the plate to the grid circuit. Yot the tube oscil-
lates and, therefore, feed-back must in soma manner take place; and this reed-
back does take place through the inter-electrode capacity of the vacuum tube. 

As we proceed with this subject of feed-back through the inter-electrode capac-
ity of a vacuum tube, bear in mind the fact that any two conductors which are 
fairly close together and insulated from each other are capable of functioning 

as an electro-static condenser. 

Let us consider, then, the placement of the electrodes in a threem-element tube. 
As you know, the tube has three metallic electrodes; a filament, a grid, and a 
plate. The metal filament is encircled by a wire mesh ( the grid) and this, in 
turn, is surrounded by a metal plate. These electrodes are carefully insulated 
one from the other and the spacing between any two of them is but a fraction of 
an inch. Here, then, we have fulfilled the conditions necessary for the form-
ation of an electro-static condenser, as given above; that is, two or more 
conductors insulated from each other closely spaced. 

Three such condenser effects exist within a three-electrode vacuum tube, name-
ly, the plate- filament capacity, grid- filament capacity and plate-grid capac-
ity; and it is the plate-grid capacity with which we are chiefly concerned in 
this lesson. The presence of the plate-grid capacity is indicated in dotted 
lines as Cpg in the schematic wiring diagram. Bear in mind that no actual 
condenser is connected between the plate and grid of the tube. Those dotted 
lines are simply to assist you to visualize the existence of the tube's plate-
grid capacity. On the other hand, do not permit the fact that it is shown in 
dotted lines lead you to believe that this plate-grid capacity is more or less 
imaginary or unimportant. It is very real and the complications tnat arise 
from its existence has caused more than one radio engineer to burn the mid-
night oil seeking ways and means of overcoming it. 

The plate-grid capacity is very small in the average vacuum tube, being of 
the order of 0.000008 mfd. for the ordinary 201A type of tube. Small as this 
capacity is, however, it provides a path for the flow of radio- frequency cur-
rent from plate to grid of the tube. Any transfer of energy from plate to 
grid of the tube constitutes feed-back whether it is accomplished inductively, 
as by the use of a tickler coil, or by means of the electro-static capacity 
of a condenser. Furthermore, when the feed-back voltage is in phase with ( of 
the same polarity as) the signal voltage being impressed upon the grid of the 
tube, it strengthens, or reinforces, the signal voltage. Should the opposite 
be true, that is, should the feed-back be of opposite polarity to the signal 
voltage, it will weaken the signal even to the point of completely nullifying 
it. However, the feed-back through the plate-grid capacity is invariably in 
phase with the signal voltage, so that when the feed-back is sufficiently 

great, oscillation will result. 

Needless to say, no current will flow through a condenser unless voltage is 
applied to it and, furthermore, such voltage must be of an alternating nature. 
Therefore; in the case of condenser Cpg no current will flow through it be-
cause of the voltage impressed upon it by the "B" battery, for the voltage of 
the "B" battery is steady and unvarying. 

However, when an incoming signal impresses its voltage upon the grid of the 
tube, the consequent radio- frequency variations in the plate current do, in 
effect, cause a radio- frequency variation of the plElte potential. Or, in 
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other words, the radio-frequency voltage impressed upon the grid of the tube 
causes a corresponding radio- frequency potential to appear in the plate cir-
cuit. This radio-frequency variation of the plate potential is impressed 
upon the tiny condenser formed by the plate and grid, and the net result is 
feed-back through this capacity from plate circuit to grid circuit; the a-
mount of feed-back depending principally upon the strength of the radio-fre-

quency voltage present in the plate circuit. 

Ordinarily this voltage is not great enough to cause .sufficient feed-back for 
regeneration and oscillation and, therefore, this feed-back via the plate- grid 
capacity must be supplemented by additional feed-back secured in other ways 
as, for instance, by means of a tickler coil. 

But if the radio-frequency voltage present in the plate circuit can be 
strengthened sufficiently, then the feed-back due to the plate-grid capacity 
will be increased to the point where regeneration and oscillation will re-
sult without the presence of any feed-back other than that which takes place 

by virtue of the plate-grid capacity. 

This can be done by including in the plate circuit an inductance, L , and 
tuning this inductance by means of a condenser, C2 , to resonance w1.11 the 

particular radio-frequency being dealt with. 

When radio-frequency current flows through the inductance L2, the magnetic• 
lines of force surrounding this coil rise and fall in accordance with the 
variations in current strength and, in so doing they createa secondary, or 
self-induced voltage. The strength of this self-induced voltage, which is 
often termed the inductive reactance voltage, depends primarily upon the 
value of the inductance and the strength of the current flowing therein. 
In this instance, the value of inductance 4 is determined and fixed by 
the wavelength range to be covered when used with condenser C2 of a given 
capacity. Therefore, the strength of the inductive reactance voltage will 
depend upon the strength of the r.f. current flowing through this induct-

ance. 

Inasmuch as the inductance L2 and condenser C2 form an oscillatory circuit, 
the greatest flow of radio-fequency current will take place in this circuit 
when it is tuned to resonance with the radio-frequency current flowing in the 
plate circuit. The inductive reactance voltage developed across the induct-
ance, L2, will then be at its maximum value and will result in maximum feed-
back through the plate-grid capacity, and this feed-back will be sufficient 
to cause the tube to oscillate. 

If the oscillatory circuit, L2C,, is de-tune.d from resonance with the radio-
frequency component of the platâ'current, the radio-frequency current flowing 
in circuit L2C2 will, of course, decrease and therefore the inductive re-
actance voltage developed across L2 will decrease. Any reduction of this 
voltage developed across L2 means a reduction of the voltage applied to the 
plate-grid capacity, Cpg, which in turn results in a decrease in feed-back. 
When the plate circuit is de- tuned sufficiently the feed-back will be reduced 
to the point at which the tube ceases to oscillate and becomes regenerative. 
Thus, the tuning of the plate circuit becomes a regeneration control for, by 
adjusting the degree of resonance of the tuned, plate circuit, L2C2 the tube 
can be made to oscillate or to regenerate. 

Before commencing the wiring of this receiver it will be necessary to mount) 
in addition to the apparatus listed in lesson V36#7, a tuned radio 
frequency transformer. This instrument should beimounted near the rear left-
hand corner of the baseboard and, furthermore, it should be placed at right 
angles to the three- circuit tuner mounted upon the panel. By so placing the 
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radio- frequency transformer, inductive coupling between it and the three-
circuit tuner is reduced to a minimum. 

Having mounted the RF transformer, begin wiring by connecting its primary 
(the small coil of ten turns of wire) to the antenna and ground binding poste. 
Connect a wire between the +A binding post on the terminal strip and the 
positive filament terminal of the tube socket. The .1.4 binding post on the 
terminal strip is now connected to a terminal of the detector's filament 
rheostat and the other terminal of this rheostat is connected to the negative 
filament terminal of the tube socket. Connect the grid condenser to the grid 
terminal of the tube socket. The grid leak is, as usual, inserted in the 
clips provided for it on the grid condenser. The secondary of the tuned RF 
transformer is the larger of the two coils comprising this instrument. The 
end of the secondary which is next to the primary coil, i.e., the "low" end, 
should be connected to the positive filament lead. The end of the secondary 
coil opposite the primary coil, i.e., the "high" end, should be connected 
to the grid condenser. The variable tuning condenser mounted at the left 
of the panel should now be connected in parallel to the secondary of the 
tuned RF transformer. When doing this be careful to connect the stator plates 
of the condenser to the "high" end of the secondary and the rotor plates to 
the " low" end of the secondary. 

Of the three coils which comprise the three-circuit tuner only the secondary 
is made use of in this circuit, the primary and tickler coils being left dis 
connected. A connection is now made between the plate terminal of the tube 
socket and one of the secondary terminals of the three-circuit tuner. The 
other secondary terminal is connected to a tip- jack. The remaining tip- jack 
is connected to the Beet binding post on the terminal strip. The variable 
tuning condenser which is mounted to the right of the panel should now be 
connected in parallel to the secondary coil of the three-circuit tuner. In 
doing this it would be advisable to connect the stator plates of this con-
denser to that end of the secondary coil which is connected to the plate 
terminal of the tube socket. The rotor plates should then be connected to 
the opposite end of this ( secondary) coil. The 0.001 mfd. fixed condenser 
is the by-pass condenser shown as Cb in Figure 1. One terminal of this con-
denser is connected to the filament circuit as shown, while its other ter-
minal is connected to the same tip- jack to which one terminal of the three-
circuit tuner secondary is connected. 

When the apparatus is connected in accordance with the above instructions, 
the secondary of the RF transformer becomes the grid coil, Li and the tunine 
condenser connected in parallel to this coil is the grid tuniAg condenser 9C4 A-
Also, the secondary of the three-circuit tuner is the plate tuning coil, L2 
and the variable condenser in parallel to this coil is the plate tuning con-
denser, C2. 

As in previous lessons, if the audio-frequency amplifier is used, as recom-
mended, the wires connecting to the two tip- jacks are connected instead to 
the primary terminals of the first AF transformer. Take care that the wire 
which connects to the B+Det binding post on the terminal strip is connected 
to the B terminal of the AF transformer. The plate terminal of the tube 
socket should be connected, through the inductance L2, to the P terminal of 

the AF transformer. 

The operation of this receiver does not differ greatly from that of other 
types of regenerative detectors. There are two controls, namely, the variable 
condenser, Ci, which enables the user to tune the grid circuit of the tube to 
the wavelength of the desired signal; and the variable condenser, C2 which 
serves to tune the plate circuit of the tube, and which functions as'a re-

generation control. 
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Oscillation takes place when the grid circuit, L1C1 and the plate circuit, 
L2C2 are both tuned to the same wavelength. Ostination in the detector 
tube'can be controlled by de- tuning the plate circuit from resonance with 
the frequency of the incoming signal, and so, by proper manipulation of the 
plate tuning condenser, C2, the detector tube can be adjusted to the point 

of maximum regeneration. 

Changes in the tuning of the plate circuit are apt to affect the tuning of 
the grid circuit. Therefore, when altering the tuning of the plate circuit 
in order to adjust the detector tube to the point of maximum regeneration, 
it will be necessary to make minor re-adjustments ln the tuning of the grid 
circuit in order to keep this circuit in resonance with the desired signal. 

The secondary of the tuned RF transformer, Ll and the secondary. of the three-
circuit tuner, L2 are very nearly alike in r‘eir values of inductance; and 
the same holds tre for the two variable tuning condensers, i.e., for any 
given setting they will be nearly alike in their values of capacity. There-
fore, when the dials of the tuning condensers read alike, the two tuned cir-
cuits which these condensers control will be tuned to practically the same 

wavelength, and oscillation will result. 

The grid circuit of the tube, LiCie must be tuned to exact resonance with 
the signal it is desired to receive. To stop the tube from oscillating and 
adjust for maximum règeneration, de- tune the plate circuit. 

Decreasing the filament current of the detector tube below its normal value 
will prove of material aid in preventing oscillation; thus, the detector tube 
rheostat can be used as a supplementary oscillation control by which the tube 
can be adjusted for maximum regeneration. Do not, however, decrease the de-
tector tube's filament current too much, because too great a decrease in its 
value will greatly impair the sensitivity of the tube. On the other hand, 
care should be exercised not to increase the filament current of the detector 
tube, or any tube for that matter, above its normal value, for by so doing the 
life of the filament will he shortened. The exact manner in which the detector 
rheostat can be used in adjusting the detector tube for maximum regeneration 
can best be determined by experiment. It should be borne in mind, however, 
that the plate tuning condenser, C2 is the main oscillation control and the 
detector filament rheostat should ohly be used to secure the final adjustment 

of regeneration. 

Tuning the Plate Inductively. The circuit with which we shall deal in the 
following paragraphs is a continuation of the receiver just described in the 
preceding pages of this lesson. That the two circuits are quite similar is 
at once evident from a comparison of Figure 2 and the circuit diagram, Figure 
1, yet the circuit shown in Figure 2 incorporates an elaboration of the pre-
ceding hook-up which is of prime importance in tuned radio-frequency amplifi-
cation. The manner in which these two circuits differ from each other lies 
in the fact that the tuned oscillatory circuit, 402 instead of being direct-
ly connected into the plate circuit of the detecttr tube, is coupled to the 
plate circuit by means of coil P. Despite the fact that the tuned oscillatory 
circuit, L2C2 is no longer connected in the plate circuit of the detector 
tube, neverthèless it serves to tune the tube's plate circuit due to the fact 
that it is coupled thereto. 

It is a well known fact that when two such oscillatory circuits are placed in 
inductive relationship to each other, the electrical characteristics of each 
will influence the electrical characteristics of the other. Incidentally, it 
might be well to mention that by " electrical characteristics" is meant re - 
sistance, inductance and capacity and the allied phenomenon of resonance 
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arising from their inter-related functionings. The extent to which electri-
cal characteristics of the coupled circuits involved will influence each other 
will depend to a great extent upon the degree of coupling existant between 
these circuits. To elaborate upon the foregoing statement let us state that 
if the coupling between the circuits is tight their effect upon each other 
will be pronounced, while if the coupling is loose this mutual reaction be-
tween the circuits will be less evident; and when the coupling between them 
is made very loose their reaction upon each other becomes negligible. 

Consider, then, the coil P, Figure 2, and the tuned oscillatory circuit, L2C2 
You will note that no provision has been made for tuning coil P, and, by es- . 
regarding its natural period or wavelength, we may consider it, as far as our 
purposes are concerned, as being untuned. This coil is inductively coupled 
to coil L2 which, in conjunction with the variable condenser, C2 forms an 
oscillator circuit. By virtue of the values of inductance and capacity of 
L2 and C2 respectively, this tuned circuit may be resonated to any. wavelength 
between 200 meters and 550 meters by varying the capacity of the variable 
condenser C2. 

Because of the inductive coupling between coil P and the oscillatory circuit, 
L2C2 the tuning of this oscillatory circuit will make itself felt upon coil 
P ans, in effect, will tune coil P to approximately the same wavelength as 
that to which circuit L2C2 is resonated. 

In this manner, circuit L2C2 serves to tune the plate circuit. Although it 
is not connected to the plate circuit of the tube by direct wire connection 
as in Figure 2, it is, nevertheless, connected to the plate circuit by magnetic 
lines of force, i.e., it is coupled to the plate circuit. 

A somewhat different angle from which to regard this phenomenon is from the 
viewpoint that when dealing with alternating currents, whether they be of 
high or low frequency, it is not necessary to employ metallic conductors in 
order to secure a connection between two or more circuits. Direct metallic 
connections may be dispensed with and the circuits " connected" by utilizing 
magnetic lines of force; and when two or more circuits are so connected by 
magnetic lines of force, they are said to be " inductively coupled". 

When circuits are connected by means of metallic conductors the efficacy of 
such connections is determined by the resistance, or, conversely, the con-
ductivity of such connections. A similar determining factor is encountered 
wben two or more circuits are  "connec ted" by magnetic lines of force, i.e., 
coupled, inasmuch as the effectiveness of the "connection" is dependentiupon 
the degree of coupling employed. 

Thus, even as in Figure 1, circuit L2C2 tunes the plate circuit of the tube due 
to its coupling thereto, and the extent to which its tuning will influence the 
plate circuit will be determined by the degree of coupling between it and the 
coil P. If coil P is closely coupled to coil L, the influence of circuit L,Cp 
upon the plate circuit will be pronounced, but éts the coupling is loosened Ità 
Influence upon the plate circuit becomes less and less until, when the coupl-
ing is made sufficiently loose, the influence of circuit L2C2 upon the plate 
circuit becomes negligible. 

When the grid and plate circuits are tuned to the same wavelength and with 
tight coupling between coils P and L2 the tube will oscillate and otherwise 
behave in a manner similar to that oethe preceding hook-up shown in Figure .1. 
But, in addition to those erfects noted in the operation of that receiver, it 
will be found that adjustment of the coupling between coils P and L2 provides 
us with an additional and very effective oscillation control. 

Vol . 1011 



9 

To convert the hook-up of Figure 1 to the circuit shown in the wiring diagram 
of Figure 2, only one simple change in the plate circuit wiring is necessary. 
To make this change, disconnect from the plate circuit the tuned circuit,L2C2, 
and substitute for it the coil P. More specifically: Trace the wire that 
leads from the plate terminal of the detector tube socket to the secondary of 
the three-circuit tuner ( L2). Disconnect this wire from coil L2 and connect 
it instead to one of the terminals of the tickler coil. The wire which leads 
from one of the tip jacks ( or the P terminal of the first stage AF transformer, 
depending upon whether or not an audio amplifier is used) to the other ter-
minal of coil L2 is now disconnected from this coil terminal and connected 
instead to the remaining terminal of the tickler coil. In this way, the coil 
which was formerly employed as a tickler coil now becomes the primary P of the 
tuned r.f. transformer composed of the coil P and the tuned secondary coil, L, 
Moreover, as this primary coil is rotatable, we have a convenient means of e" 
varying the coupling between the primary and the secondary coils. 

When making the changes described above, care should be exercised that the 
condenser, C2 which is ordinarily connected in parallel to coil L2 remains 
connected to this coil, and that no other changes in the wiring of the plate 
circuit are inadvertently made except those alterations mentioned. 

When first putting the receiver in operation, place the primary ( tickler) 
coil, P, parallel to the secondary coil, L, thus securing the maximum avail-
able coupling between the two. Then proceM to operate the receiver as in the 
preceding lesson. As before, the grid circuit, LiCi must be tuned to reson-
ance with the desired signal and, with maximum coupling between the coils P 
and L2 the detector tube will oscillate when the tuned plate circuit is 
brought into resonance with the grid circuit. As in the receiver first de-
scribed ( Figure 1), oscillation can be stopped and the tube adjusted for 
maximum regeneration by de-tuning the plate circuit. 

A more effective control of oscillation, however, is secured by varyiner the 
coupling between P and L2. By loosening the coupling between these two coils 
the tue can be stopped from oscillating and brought to the point of maximum 
regeneration. Conversely, tightening the coupling will increase regeneration 
and finally result in oscillation provided, of course, that the grid and plate 
circuits are in resonance. 

The proper procedure, therefore, for tuning in a station is to use maximum 
coupling between coils P and L2 while varying the two varibale condensers 
until the desired signal is heard. Then loosen the coupling between P and 
L2 until the detector tube stops oscillating. At this point a slight final 
re-adjustment of the plate and grid tuning condensers may be necessary. 

While tuning in stations operating on differing wavelengths take note of the 
value of the coupling necessary for maximum regeneration at each different 
wavelength. It will be found that this critical degree of coupling will vary 
according to the wavelength of the station being received; and that the coup-
ling betweon coils P and L2 necessary for maximum regeneration is greater for 
the longer wavelengths. In other words, the longer the wavelength of the 
station being received the tighter must be the coupling between coils P and 
112 in order to secure maximum regeneration and, conversely, as the receiver 
is tuned to shorter wavelengths the degree of coupling necessary for maximum 
riieeneration becomes less. 
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