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NUL TI-ELEMENT TUBES; SPECIAL TUBES 

SCOPE OF ASSIGNMENT 

This assignment will deal with 

the operation of multi- element tubes 

of the type that have more grids than 

a pentode, or tubes which contain 

both a diode and a pentode in one 

envelope, and other special types of 

tubes. Included among the latter are 

electron- indicating (tuning -eye) 

tubes, photocells, pentagrid convert- 

ers, and the like. The need for such 

types will be discussed first, and 

then how each type meets the require- 

ments that initiated its development. 

GENERAL CONSIDERATIONS 

For many years radio receiver 

circuits were designed to operate 

with a single type of three element 

tube throughout; that is, one type 

of tube was used for r -f amplifiers, 

detectors, and audio amplifiers. 

The first important departure from 

this practice was the development of 

the power and semi -power tubes which 

could deliver sufficient power output 

to satisfactorily drive aloud- speak- 

er. Further development led to the 

screen -grid tube (tetrode), and the 

improved screen -grid tube (pentode) 

in which a suppressor grid was intro- 

duced. A further development of the 

pentode resulted in the beam power 

amplifier tetrode. These tubes have 

already been discussed. 

Simple tubes were quite satis- 

factory so long as somewhat simple 

receiver circuits were used. How- 

ever, a number of very important de- 

velopments in receiver design brought 

out the necessity for tubes which 

would have special characteristics 

for certain purposes. Among the de- 

velopments, with their special tube 

requirements were: 

AUTOMATIC VOLUME CONTROLT -With 

ordinary triodes and tetrodes as r -f 

amplifiers, automatic volume control 

is not practical because of the quite 

straight characteristic curve with 

its abrupt plate current cutoff at 

the bottom: Automatic volume control 

is usually obtained by varying the 

control grid bias, this variation in 

bias decreasing the mutual conduct- 

ance and amplification factor of the 

tube. 

However, the µ of the miniature 

type 6ÁC7 sharp -cutoff pentode re- 

mains almost unchanged over a con- 

siderable range of bias until the 

cutoff point is approached, and then 

changes abruptly with sharp plate 

current cutoff. This characteristic 

results in a very small range through 

Which a.v.c. can be applied; it also. 

produces bad distortion when the vol- 11 

ume is reduced on a strong local sig- 
i 

nal. The need for an r -f' amplifier 

tube which would have high gain for 

weak signals but in which the µcould 

be gradually reduced over a wide 

range of grid bias, led to the de- 

velopment of the "Variable -4" or 

"Super- Control" amplifier. 

SUPERHETERODYNE MIXER REQUIRE- 

MENTS. -Many years ago the superhet- 
erodyne patents were made available 

for license to all manufacturers. 

Today, because of its many advan- 

tages, the superheterodyne circuit 

is almost universally used in all 

except the simplest receivers. One 

problem in superheterodyne design has 

always been that of coupling between 

the oscillator and the first detec- 

tor, causing the oscillator to be 
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2 MULTI- ELEMENT TUBES; SPECIAL TUBES 

"pulled" or locked to the frequency 

of the incoming signal. The logical 

solution is electron coupling in 

Which the two frequencies modulate a 

common electron stream. One satis- 

factory means of performing this is 

by the use of a single -tube for both 

oscillator and first detector, in 

Which the electron stream itself is 

modulated at the local oscillator 

frequency, and then further subjected 

to control by the incoming signal 

through the control grid, the local 

and incoming frequencies thus mixing 

in the electron stream, and the beat 

frequency being selected by rectifi- 

cation and suitable design of the 

plate circuit. For such frequency 

conversion the pentagrid converter 

was developed. Where it is desired 

to use a separate oscillator tube, 

the pentagrid mixer is available. 

CLASS B AUDIO AMPLIFICATION.-- 

In a Class B audio amplifier, or in 

fact any audio amplifier, it is de- 

sirable to maintain a constant load 

on the preceding or driv g stage. 

With ordinary n tubes b1 ìoff 
for Class B amplification of large 

peak signals this is almost impos- 

sible. In order to develop large 

peak power output from comparatively 

small tubes the excitation must be 

such as to drive the grids consider- 

ably positive on the modulation 
peaks. Thus during a portion of the 

excitation alternation the grid is 

negative, the input resistance is 

very high, no grid current flows, 
and very little power is taken from 

the preceding tube. During the peak 

portion of the alternation however, 

when the grid goes positive, grid 

current flows, the input resistance 

drops to a very low value, and the 

load on the preceding tube suddenly 

increases greatly. 

It is difficult to design the 

circuit so that this marked change 

of load during the cycle does not 

result in serious distortion in the 

output of the driver stage. This led 

to the development of a tube in which 

the plate current is almost zero with 

zero grid voltage. The tube is then 

operated with zero grid bias and grid 

current flows during practically the 

entire operating alternation; the 

lead on the driving stage is quite 

high, but this load is more nearly 

constant during the cycle. The sane 

tube, by a different connection of 

the grids, may be operated as a low 

µ, low R. Class A amplifier to drive 
two of le same tubes operating as 
high µ, zero plate current cutoff. 
push -pull Class B audio amplifiers. 

DIODE DETECTION, A. V. C. , AND 

AUDIO AMPLIFICATION. -Due to its more 
linear characteristics, the diode 

detector is excellently suited for 

use as the second detector in a 

superheterodyne broadcast receiver. 

The diode rectifier also offers a 

simple means of obtaining rectified 

signal current for operation of the 

a.v.c. circuit. Since the diode 
detector is a simple rectifier with 

no voltage gain, its use requires an 

additional stage of audio amplifica- 

tion. Thus for all the above pur- 

poses three tubes ordinarily will be 

required. 

To simplify this requirement, 

the duplex- -diode triode and the dup- 

lex -diode pentode were developed. 

The former consists of a single cath- 

ode, two diode plates, and a triode 

grid and plate within .the single 
tube. The latter is similar except 

that instead of the simple triode 

elements, the amplifier section con- 

sists of a pentode amplifier. 

PUSH -PULL AMPLIFICATION.--Re- 
ceiver construction has been simpli- 

fied by the development of two triode 
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power amplifiers within a single 
tube. The filaments are in common 
to a single pair of terminals. Each 

of the two grids and plates comes 
out to a separate terminal. If de- 

sired, the two triode amplifiers may 

be operated in parallel instead of 
in push -pull by simply connecting the 

grids together and the plates to- 

gether. 

TUNING INDICATION. -Tuning a 
receiver by ear is at best inaccurate 

due to the characteristic of the ear 
which makes it insensitive to even 

quite large percentage changes in 
sound level. In some receivers tun- 

ing meters have been employed to in- 

dicate resonance.' An inexpensive 
and extremely sensitive indication 
of resonance is the electron ray 
tube in which the indicating element 

is the variable pattern on a fluores- 

cent screen mounted in the end of a 
receiving type tube. 

GENERAL DISCUSSION. -From the 
above it will be seen that the multi - 
element and special purpose tubes 
can be divided into two principal 
groups: those in which for con- 
venience the elements of two or more 
tubes are included within a single 
bulb, and those developed specifi- 
cally to have certain special opera- 
ting characteristics. Most of the 
multi- element tubes have all elements 

coming out to individual terminals; 
this results in extreme flexibility 
as it permits the receiver design 
engineer to so connect the elements 
as to obtain almost any characteris- 
tics he may wish. The use of a sin- 
gle tube, such as the duplex -diode 
triode, to replace three simple tubes 
which would be required to perform 

*Some special receivers, like 
those used in radio direction 
finders, still employ tuning meters. 

3 

the same functions, reduces both 
the space requirements and the cost 

of the receiver. Whether from the 

viewpoint of quality and efficiency, 

such operation is wholly desirable, 

1.s questionable. Some engineers 
claim that while a single tube for 
each function is more expensive, the 

increased efficiency of such a cir- 
cuit justifies its added cost. Other 

engineers feel that loss of effi- 
ciency is not great, that this loss 

can be compensated for elsewhere, 
and that the use of the multifunc- 
tion tubes is entirely justified. 
Excellent receivers of both designs 

are available. 

It should be understood that 
the great number of tubes shown in a 

manufacturer's tube manual does not 
indicate such a great number of en- 
tirely different tubes. For example, 

an entire series of tubes is devel- 

oped for 2 -volt battery operation; 
another series is developed for 6.3- 
volt a.c. or automobile battery op- 
eration, and another for 12.6 volt 
a-c operation, etc. Equivalent tubes 
in the three series will have quite 
similar characteristics except for 
the emitters. 

There is a further duplication 
of tube types in glass and metal en- 
velopes. For many years only glass 
bulbs were used because it was not 
practical at low cost to use all - 
metal construction with an air -tight 
seal. Several years ago a satisfac- 
tory low -cost all -metal design was 
developed and, in a frantic search 
for something new, almost all manu- 
facturers designed their receivers 
for 100 per cent use of metal tubes. 
The all -metal tube has several im- 
portant characteristics such as ex- 
cellent shielding and low-inter-ele- 
ment capacity. These characteristics 
are extremely important at radio 
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frequencies, although of little im- 

portance at audio frequencies and in 

rectifiers. With the newness worn 

off and the proper perspective em- 

ployed in the selection of tube 

types, the trend then changed to use 

all -metal tubes in r -f and i -f cir- 

cuits and in audio voltage ampli- 

fiers, and to use glass envelope 

tubes in power amplifiers and recti- 

fiers. 

More recently, a so- called min- 

iature line of tubes has been devel- 

oped. Among these tubes are high - 

frequency diodes and triodes, remote - 

and sharp- cl'hoff pentodes, pentagrid 

converters, power pentodes, beam po- 

wer amplifiers, and combination 

diode- triodes. Such tubes are used 

in compact equipment, in high -fre- 

quency circuits, etc. 

Tubes having certain character- 

istics and functions will be discus- 

sed in the same sequence as above. 

It should be noted that the tube 

types mentioned in the following 

discussion are simply taken as typi- 

cal. The manufacturer's tube manual 

lists the various types available 

with their individual operating 
characteristics. 

MULTI -ELEMENT SINGLE TUBES 

VARIABLE µ TUBES. -The variable- 
4 tube, sometimes called the super - 

control tube, was designed specif- 

ically for use as an r -f or i -f am- 

plifier. When the ordinary screen - 

grid tube is used for this purpose 

the range of volume control by varia- 

tion of the control grid bias is 

very limited because when the bias 

is increased to permit low volume on 

a strong near -by station, consider- 

able distortion known as "cross talk" 

results. Reference is here made to 

the EgIp curve of the screen -grid 

SPECIAL TUBES 

tube shown in Fig. 1, Curve A. 

Cross -talk results if a strong 

modulated carrier acts on an ampli- 

(B) 

negative grid volte 

Fig. 1. -EgIp curves for a screen - 

grid tube and for a super -control 

tube. 

fier which is tuned to (and receiv- 

ing) another carrier; in other words, 

cross -talk is due to the desired 
carrier's being modulated by the in- 

telligence (sidebands) being con- 

veyed by the interfering carrier. 

The latter's sidebands are thus 

transferred to the other carrier to 

which the receiver is tuned, and 

come through as an interfering sig- 

nal. 

Such cross -talk is greatly ag- 

gravated if the curvature of the tube 

characteristic is great relative to 

the signal strength encountered. 

In short, a sharp cutoff tube, such 

as is illustrated by Curve A in Fig. 
1, will exhibit considerably more 

cross -talk than the variable -mu tube 
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(curve B), having a gentler curva- 

ture and a more remote cutoff point. 

The reason for this is too involved 

mathematically to discuss here; 

briefly it depends upon certain char- 

acteristics that show up as a large 

third degree term in the equation 

representing the EgIp characteris- 

tic 

For clarity, curve B of Fig. 1 

is shown in greater detail in Fig. 2, 

Fig. 2. -EgIp curve for the 6BA8 re- 

mote- cutoff pentode. 

*See, For example, "Ballentine 
and Snow," Proc. IRE, 18, 2102 

(1930) . 

this curve being for the miniature 

type 6BA6 remote cutoff pentode. 

The bend in the curve is very grad- 

ual, so that even though with small 

grid bias voltage below about -5 

volts the amplification factor is 

about the same as that of the ordin- 

ary r -f pentode such as the 6J7; at 

higher negative bias voltages the 

amplification factor is very small 

and actual plate current cutoff does 

not occur until the bias is ili reas- 

ed to beyond -25 volts. In the range 

from about -7 volts to -20 volas the 

µ is very gradually decreased so that 

with such a tube used in each r -f 

and i -f stage, the receiver gain can 

be varied gradually over wide limits, 

and the volume control range is con- 

siderably more than that of the con- 

ventional screen -grid tube without 

cross -talk being produced. Such a 

tube is very adaptable to a.v.c. 

circuit. 

A variable-4 effect in a tube 

is obtained by varying the spacing 

of the grid wires, as illustrated in 

Fig. 3. The spacing of grid wires 

Fig. 3-- Construction of grid in a 

variable-4 tube. 

such that the wires are closer to- 

gether at the ends and farther apart 

at the middle produces the same ef- 

fect as is obtained by operating two 

tubes (one having a high µ, and the 

other, a low µ) in parallel. This 
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will be evident from an inspection 

of Fig. 4, where curves A and B are 

Fig. 4- Theoretical illustration to 

show that the action of a variable- 

p, tube resembles that of a high and 

a low-p, tube in parallel. 

for a low µ tube and a high µ tube. 

Of course it should be pointed out 
that these curves are exaggerated for 
the purpose of explanation -in ac- 
tual practice, curves will not be of 
the exaggerated shapes of A and B. 
The resultant curve obtained when 
the two tubes are operated in paral- 
lel is shown as curve C in the dia- 
gram. 

A more accurate diagram similar 
to Fig. 4 is shown in Fig. 6. This 
illustration, however, is not quite 
as self -explanatory as the previous 

example. 

The principal of operation is 
quite simple. At small bias vol- 
tages, electrons can pass through 

e, 

Fig. 5 --Same as Fig. 4, except that 

actual curves are illustrated here. 

all parts of the grid structure. in- 

cluding the end portions. A small 
crame in grid voltage produces a large 
change in plate current through the 
end portions, which act like a high - 
mu tube, so that the total plate 
current experiences a considerable 
diange. The tube therefore acts as 
a whole like a high -mu tube. 

If the grid is biased suffi- 
ciently negative, the end portions 
cut off; i.e., no plate current pas- 

ses through these parts of the grid. 
Since the center part has a more 
oven structure, it acts like a low - 
mu tube and therefore does not cut 
off the tube current until a consid- 
erably more negative bias is applied. 
In this range of bias the tube acts 
like a low -mu type, and the plate 
current has a gentle slope, as in- 
dicated by the left -hand portion of 
the curve in Fig. 2. 

Among the variable 4 tubes are 
the 1T4, the 6K7, the 6BA6, the 
60J6, and the 12BA6, all of which 
are pentodes. 
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MULTI -ELEMENT SINGLE TUBES' 

THE PENTAGRID CONVERTER. --A 
base diagram of a miniature -type 
pentagrid converter, as used in f -m 

receivers is shown in Fig. 6A. A 

H,. Fy P 

K 
G> 

Go/hode._ 

6rid(6/)---- 

Screen grid (62) 

pia/es 

Polled lines indigo% 
vlar /ion oo/hs 

GI 

(A) 

62 
64 

63 

í ---She/l 
-----P/ote 

Suppressor(6S) 

Screen grid(64) 

Signalgrid(63) 

Signo /grid side rod 

(B) 

Fig. 6. -Showing (A) pin connec- 
tions, and (B) internal structure, 
showing various electrodes, includ- 

ing the collector plates. 

typical circuit using this tube ap- 

pears in Fig. 7. As its name im- 

plies, the tube contains 5 grids and 

is used in a circuit to convert the 
incoming signal frequency to the 
superheterodyne intermediate fre- 

quency. First consider the cathode 

and grids 1 and 2. This forms a 

three element oscillator tube in 

which grid 1 is the oscillator con- 
trol grid and grid 2 is the oscilla- 

tor anode. These elements are con- 
nected just as in any tuned grid - 
plate feedback oscillator circuit, 
grid 1 obtaining its operating bias 
by means of a grid leak and blocking 
capacitor. To grid 2 is applied a 

positive potential of about 200 
volts with respect to the cathode. 

While the operation of the os- 

7 

cillator part of the circuit is sim- 

ilar to that of the conventional 
three element oscillator, the action 

within the tube continues further. 
Grid 2 unlike the ordinary tube 
anode, is not a solid plate, but in- 

stead is a wire grid, so that elec- 

trons can pass through it. The 

electrons that reach and extend be- 

yond grid 2 vary in number during 
the cycles of oscillator frequency 
in accordance with the oscillator 
anode current. Thus the space 
around grid 2 can be thought of as a 

varying source of electrons. With 

regard to the other tube elements, 

the space around grid 2 is sometimes 

called a 'virtual cathode.' 

Considering grid 2 as a 'vir- 

tual cathode,' grid 3 becomes the 
control grid of a pentode tube upon 

which the signal voltage is impres- 

sed. Grids 2 and 4 are connected 
together internally one on each side 

of the signal control grid. Grid 4 
is the same as a screen grid in any 
pentode tube, it acts as an accele- 
rating grid to draw the electron 
stream beyond grid 2 and under the 
influence of grid 3; grid 5, is con- 

nected to the cathode internally and 

is a conventional suppressor grid. 
The plate is made positive by 250 
volts and connects to the output 
circuit just as in any amplifier 
circuit. 

There is an additional point 
that is of interest. Although not 
indicated diagrammatically in the 
tube manuals, the 6BE6 has a pair of 
curved 'collector' plates which are 
connected Lo grid 2 and 4 and which 

partially enclose grid 2 within them. 
These plates increase the shielding 
between oscillator and signal cir- 

cuits, hence isolating one from the 

other. This prevents feedback from 
the signal grid into the oscillator 
circuit which would tend to pull the 
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oscillator frequency, thus resulting 

in no beat or intermediate frequency. 

The supporting side rods of 
signal -grid 3, which are located op- 

oscillator frequency and the signal 

frequency are mixed directly in the 

electron stream instead of in the 

tuned grid circuit of the first de- 

Fig. 7.--Front end of RCA Model 730TVI receiver. 

posite the openings of the collector 

plates, causes the potential distri- 

bution to be such that the electrons 

are deflected to either side of 
these rods. This is indicated in 

Fig. 6B by the dotted lines emanat- 
ing from the cathode. Electrons that 

are repelled from the signal grid, 

G3, are deflected so that they ter- 
minate on the collector plates and 
are not permitted to return into the 

active electron stream of the oscil- 

lator section. The collector plates 

thus increase the electrostatic 
shielding between the signal and os- 

cillator circuits, with the result 
the oscillator 'pulling' is minimi- 

zed, and the operating characteris- 

tics are therefore appreciably su- 
perior to those of the ordinary pen - 

tagrid converter. 

The operation of the tube in 
frequency conversion is similar to 

that of the conventional superheter- 

odyne first detector and oscillator, 

the difference being that the local 

tector. Since the return of grid 3, 

the signal - control grid, is to the 

cathode via the external circuit and 

since the oscillator elements, grids 

1 and 2, cause a variation in the 

internal resistance and hence in the 

voltage drop between grid 2 and the 

cathode, this a -c voltage at the os- 

cillator frequency is effectively 
impressed between grid 3 and the 

cathode and modulated by the incom- 

ing signal. The resulting effective 

modulation of the oscillator fre- 
quency due to the incoming signal is 

at a frequency equal to the differ- 

ence between the two frequencies. 
The signal modulated oscillator vol- 

tage is applied between cathode and 

grid 3 and is rectified just as in 

the conventional first detector. 
The plate output circuit is tuned to 

the intermediate or difference fre- 

quency and the beat frequency is 

segregated and amplified by the i -f 

amplifier. 

By varying the screen grid vol- 
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tage (on grid 4) the cutoff point of 

the amplifier section may be exten- 

ded or restricted as desired. The 

c .nff i.s sharper with lower screen 

voltage and more extended with 
higher screen volta,ge.-`1ETTMen 
voltage must at all times be less 

than that of the plate. By adjust- 

ing for an extended cutoff point, 

a.v.c. may be applied to control 

grid 3 as well as to the i -f ampli- 

fier stages in order to provide more 

complete a.v.c. but 25% less a.v.c. 

voltage on the 6BE6 is recommended 

than is used for the i -f tubes. 

Fig. 8.--Base diagram of a metal - 

type pentagrid mixer. 

Typical pentagrid converter l 

tubes of the all -metal type are the 

6SA7, and the GAB. The 6BE6 and the 
\\ 

12BE6 are typical of the miniature 

pentagrid converter tubes. 

A quite similar function is 

performed in a slightly different 

manner in the Type 6L7. Instead of 

being called a 'pentagrid converter', 

this tube is called a 'pentagrid 

mixer amplifier.' The grid arrange- 

ment is shown in Fig. 8. The dif- 

ference between this tube and the 

pentagrid converter types is that 

with the 6L7, when used as a mixer 

in a superheterodyne, a separate os- 

cillator tube is required. The out- 

put of the separate oscillator is 

fed to grid 3 and hence modulates 

the electron stream at the oscilla- 

tor frequency. 

Grid 1 forms the control grid 

of an r -f pentode amplifier, grids 2 

and 4 connect together to form a 

screen grid around grid 3, and grid 

5 is the suppressor grid connected 

internally to the cathode. If grid 

3 were operated simply with a small 

negative bias of -3 volts and an r -f 

signal applied in the usual manner 

to control grid 1, the tube would 

operate as an r -f pentode amplifier. 

As a mixer, operating with a 

plate potential of 250 volts, the 

signal -grid (1) bias is increased to 

-6 volts and the oscillator grid (3) 

bias is increased to -15 volts. The 

coupling to the oscillator circuit 

is so adjusted that minimum oscilla- 

tor peak r -f voltage applied to grid 

3 is 13 volts. With the oscillator 

r -f output applied to grid 3 modula- 

ting the electron stream at the os- 

cillator frequency, and the signal 

voltage applied to grid 1 modulating 

the same electron stream at the sig- 

nal frequency, the two are mixed to- 

gether to form the difference or 
superheterodyne intermediate fre- 

quency which is separated by the 

tuned i -f circuit connected to the 

plate in the usual manner. Thus the 

tube acts as a first detector and 

electron coupled mixer, but not as 

an oscillator, the latter function 

being performed by a separate tube. 

Reaction between circuits and 

feed -back through the tube is redu- 

ced to a negligible value in the 6L7 

due to the extremely small capacity 

between controlling electrodes. 
With the metal shell connected to 

the cathode, the capacity between 

grid 1 and grid 3 is .12 µµf, be- 

tween grid 3 and plate .025 I.Lµf, and 

between grid 1 and plate a maximum 

of .001 µµf. 
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the resulting characteristic will 

pass through the zero grid point in 

a straight line. 

However, in actual practice, 
TWIN TUBES 

CLASS B AUDIO AMPLIFIER. -- In 

order that the preceding driving 

stage of a Class B audio amplifier 

may operate into a quite constant 

load, it is desirable that the Class 

B tubes (always operated in push - 

pull in audio amplifiers) be opera- 

ted with zero Lias so that all dur- 

ing the positive operating alterna- 

tion of each tube, grid current may 

flow. The reason for this has been 

explained. The preceding or driver 

stage is operated Class A. 

One tube which fulfills the ne- 

cessary requirements is the all -metal 

type 6N7. This is a high -p. twin - 

triode which is used in the output 

stages of a -m receivers as a Class B 

amplifier. Fig. 9 shows the EbIb 

family of curves for various values 

of control -grid voltage. The curves 

are for one triode unit of the 6N7. 

Since Class B audio amplifiers 

are always operated in push -pull, if 

_ .... {-..,........ 

Fig. 9.--Characteristic curves for a 

AN 7. 

the two triode units of a tube such 

as the 8N7 under discussion are well 

matched, the curvatures in the lower 

excitation region tend to counteract 

each other as shown in Fig. 10, and 

Fig. 10. -The Egip curves of two 

triodes operated in push -pull, can- 

cel in the lower curved region, re- 

sulting in decreased distortion. 

the harmonic distortion introduced 

owing to the non -linearity of the 

driver doss6'amp. 

Fig. 11.--Class B amplifier using two 

AN7's- one as a driver and the 

other in the output stage. 
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small signal operating characteris- 

tic, is not entirely cancelled even 

Fig. 12.--Photograph and base dia- 
gram cf' a 8J6 miniature type twin 
triode. 

in push -pull operation. 

Since the tubes draw grid cur- 

rent at all points of the excitation 

cycle, the input resistance of the 

Class B stage is low --in practice, 

considerably lower than the plate 

resistance of the Class A driver 

stage. In order to match these re- 

sistances for proper operation, the 

push -pull input transformer of the 

Class B stage must have a step -down 

ratio. 

If the two triode units in the 

6N7 are connected in parallel, the 

tube can be operated as a Class A 

amplifier and can be used to drive 

push -pull Class B amplifier. This 

is illustrated in Fig. 11, which is 

a Class B amplifier designed for mo- 

bile use. 

Ant. 

Ltil6rfomp. 

717777T'rráld"i'7m` 
GJG 

converter 

To grid #1 of -..- 6BA6 -/stsound 
lFomp. 

J. 

L --w- 
T 

X 

To grid of 6.465 
/stpic.lFomp. 

Pfote circuit 
of 6A65 

-15V 

Fig. 13.- -Schematic of the front end of the RCA television receiver 
(model 621TS). 
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Among the miniature multi -ele- 

ment tubes of the twin - triode type 

now being used are the 6J6 (which is 

a high mu twin triode tube) and the 

12AÚ7, a medium -p twin triode. A 

Photograph and base diagram of the 

6J8 are shown in Pig. 12. 

Fig. 14.--Photograph and base dia- 
gram of a 12AX7. 

This tube can be used as an r -f 

amplifier, as a converter, or as an 

r -f oscillator; if the grids are 

connected in push -pull, and the 

To 

plate of 
6AG5 

2nd pio. 

i; f amp. 

Rlls 
15K 

7101 
c4TK.TIW 
21.23 MC. r - 

C9 75 1 7 
L_- 

CITO 
100 T 

6AG5 6ÁL5 
Cao. Ra C112 280. OCT. 

802 
. 

270 

J 

1.103 

plates in parallel, the 6J6 can be 

used as a mixer at frequencies as 

high as 500 me /s. 

A typical circuit utilizing 

6J6' s is shown in Fig. 13; this is a 

schematic of the front end of the 

RCA television receiver 621TB. 

The 12AX7 (a photograph and 

base diagram of which are shown in 

Fig. 14) also contains two triode 

units in one envelope; each triode 

unit is independent of the other; 

except for the heater which is com- 

mon to both triode units. When op- 

erated as a Class A amplifier with 

250 volts plate voltage, the 12AX7 

has an amplification factor of 100. 

In the type 12AU7, as in the 

12AX7, each triode unit is indepen- 

dent of the other except for the 

common heater. A typical circuit 

using a 12AU7 is shown in Fig. 15; 
this is a portion of the RCA televi- 

sion receiver model 730TV2, in which 

the 12AU7 serves as the 1st and 2nd 

video amplifier. Both the 12AU7 and 

the 12AX7 are used in phase -inverting 

circuits and in resistance -coupled 

t2ÄÚ7 
eLL 1ST V10í0 2KOV10120 
LIDS 4MR. AM RL 

5 

C IO3 
,O5 

MK 
004 
56.R5 
2.4n 
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R127 
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+150V. DCO 
-3.5v. 

i2A 1f.0 Li 
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ISO MU., 

5 W MT DOT 

0195 
39K 

R193 
3300 

rLta7-2.4. 
3G nu.0 

Clig 

gl 
.05 

5 e 0 

RM[G {{ 12124 
7".--0075 

i5300 

¡\L- 
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Vtp1s 
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0129 
22K 
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Y2 

0133 
100K 
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06-450 
120 Ku.« 
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J T, 

Yo 

411 50V. 

.330v. 
(0U42 6o127á) 

R120 
47 

0122 
3300 

-05v. +15 

Fig. 15.- Schematic of a portion of the 

730TV2, illustrating use 

RE 0 
+85000 

To grid of 6SN7 sync. 
amp. and separator 

RCA television receiver model 

of a 12AU7 miniature tube. 
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amplifiers. 

DUPLEX- -DIODE TRIODE AND DUPLEX - 

DIODE PENTODE. -These tubes are 
clearly described by their names. 

Screen Plate 

Heater 

Suppressor 

- --Grid 
Diode Plate 

Diode Plate 
41- Cathode 

Duplex -Diode Pentode 

Fig. 16- Illustration showing arrange- 

ment of elements of a duplex -diode 

pentode. 

The duplex -diode pentode has within 

a single bulb a cathode with its at- 

tendant heater, two diode plates, 

and a plate and three grids, (con- 

trol, screen, and suppressor), mak- 

ing up the pentode amplifier. The 

arrangement is shown schematically 

in Fig. 16. The cathode cylinder 
has two emitting sections, one for 

the diode units and one for the pen- 

tode section. In the duplex -diode 

triode the arrangement is the same 

except that the screen and suppres- 

sor grids areleft out, the amplifier 

elements consisting only of the 

cathode, control grid, and plate. 

The duplex -diode triode tube 

can be obtained with either a high 

-A or a medium -p triode section. 

Examples of the high -A type in the 

miniature tube line are the 6AQ6 and 

the 6AT6. The 6AQ6 is a combination 

detector, amplifier, and a.v.c. tube 

in small sets. The triode section 

of the 6AQ6 has a A of 70. The 6AT6 

performs the same functions as the 

6AQ6 (i.e., it acts as a combined 
detector, amplifier, and a.v.c. 
tube). The 6AT6 is also used as 1st 

audio amplifier in some television 

receivers, such as the RCA model 

621TS shown in Fig. 17. 

A typical miniature duplex - 

diode triode of the medium -g triode 

class is the 6BF6, a photograph and 

base diagram of which are shown in 

Fig. 18. The amplification factor 

of the triode section is 18. / 

6ÁL5 
SOUND D1SCR 

To sound 

discri- 

minator 

trans- 

former 

R162 
100K 

-0.3V. 

C156 
270 

C157 
.01 

2 

V117 

6AT6 
IIAUDIO 

Clss 
.0025 

V. 

3 

X 

IOMEG 

To 

grid of 

audio 

output 

.0025 

R179 
330K 

R183 
1 MEG. 
SOUND 
VOLUME 
CONTROL 

R184 
470K 

+225V. -15V 

Fig. 17.--Portion of RCA Model 621T8 

showing use of miniature -type 6AT6 

tube. 

Fig. 18.--Photograph and base dia- 
gram of a 8BF6, miniature type dup- 

lex diode triode. 

Typical of the all -metal duplex - 

diode triodes being used are the 

6Q7, the 6R7, and 68417, and the 6SR7. 

The 3Q7 and the 6SQ7 have high -A 

triode units (e. g. , the 68Q7 has a A 

of 100), whereas the 8R7 and the 68R7 

have medium -A triode sections (µ 

being 16 for the 6SR7) Two other 
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14 ALTI-ELEMENT TUBES; SPECIAL TUBES 

popular all -metal tubes are the 12S- 

Q7 and the 12SR7; these are identical 

(except for heater ratings) with the 

68Q7 and the 68R7, respectively. 

Half -wave detector 

fixed bias amplifier 

triode amplifier, the voltage across 

R1 is also used as the a.v.c. vol- 

tage and applied through Ra to the 

control grids of the r -f and i -f 

Half -wave detector 

fixed bites amplifier 

Half -wave detector, separate 

A.V.C.,fixed bias amp iller 

R2 

AVC 
250V 

AVC 

(A) (b) 

APPROXIMATE VALUES 

C1 = 150 µµf for 500 - 1500 KC 

450 µµf for 175 KC 

C2 = 0.1 if 

C3 = 0.1 µf 

C4 = 0.5 µf or larger 
Cs = 0.5 if or larger 

Ce = 0.01 - 0.1 pf 
C7 = 0.0005 - 0.001 4f 

C9 = 0.0001 µf or smaller 

R1 = 0.5 - 1.0 megohm 
R2 = 1.0 - 1.5 megohms 
R3 = 0.1 megohm 
R4 = 0.5 - 1.0 megohm 
Rd = 1.0 megohm 

Re = 25000 - 75000 ohms 

Eb = voltage for sensitivity 
control. 

Fig. 19.--Typical duplex -diode triode circuits. 

Fig. 19 shows three applications 

of the duplex -diode triode. (A) il- 

lustrates a simple diode detector, 

the two diode units in parallel, and 

the diode load resistor R1. The 
audio voltage across R1 is applied 

to the triode grid through C. RFC, 

Co and C1 form an r -f filter to keep 

the radio- frequency component in the 

diode output out of the triode sec- 

tion. Similar filters are shown in 

the adjacent circuits. 

In (B) the diode units are 
still in parallel as a detector. 

However, in addition to exciting the 

EIF 

250V 

amplif iers. In (C) the upper 
diode unit alone is used as the 

detector. The lower diode unit is 

used in the delayed a -v.c. circuit. 

By delayed a. v. c. is' meant that 
the a.v.c. (automatic volume 
control) diode is biased negative, 

so that a.v.c. does not commence 
until the signal voltage exceeds 
a certain minimum; that minimum 
being the value of the negative 
diode bias. 

This diode is biased negative 

by the amount of ED which is applied 

through R5. Thus for small signals, 
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TWIN TUBES 15 

and until the peak signal amplitude 
exceeds Eb, there is no a.v.c. ac- 

tion. However, when the signal am- 

plitude exceeds the left -hand por- 

tion of Eb, rectified current flows 

through R developing a voltage a- 
cross it. This makes the point at 
which R' is connected more negative 

with respect to the cathode than 
previously. The greater signal 
voltage, the greater is the current 
flow through R5 and the greater the 

a.v.c. voltage developed across 123; 

thus, the grids of the controlled 
r -f and i -f amplifiers are driven 
more negative, with consequent de- 

Fig. 20.--Photograph and base dia- 
gram of a 121L5 miniature twin diode. 

To 

plate 

of 

6AG6- 
4th 

pic. 

1 -f amp. 

iRLb 
PPE 2ND PET. 

V114 "A 12o.0 

crease in the gain of these stages. 

DETECTORS.--Among the miniature 

diode detectors used in f -m and tele- 

vision circuits are the 6AL5, and 

the 12ÁL5. A photograph and base 

diagram of the latter appear in 

Fig. 20. A typical television re- 

ceiver which uses 6AL5's is the RCA 

model 630TS, a schematic of a portion 
of the video section of which is 

shown in Fig. 21. In addition to 

the use of a 6AL5 as the picture 

2nd detector, another 6AL5 serves 

as the sound discriminator (See Fig. 

22), while a third one is used as 

To sound 

discrl- 

mlrlator 

t rans- 

fornler 

SOU`NSCR. Tov123-4 
V107 

R2iO 

17220 
IOOK 

R221 
5 27K 

12219 
loot( 

C204 
1008.1 1008.1 1008.1 

I RIIx,' 
01 601 

To 

;rid Af 

6AT6- 
l't audio 

stage 

Fig. 22.--Schematic showing a BALS 

in a sound discriminator circuit. 
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2v. 11350 r2754: -i8 
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bright- 
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control 
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To 
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of 

10BP4 
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Fig. 21.---Schematic of a 811L5 as a picture 2nd detector and d -c restorer. 
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horizontal sync discriminator. The 

latter tube and associated circuit 

are shown in Fig. 23. 

CIG61 
62 

5191 
470 K 

8229 
1MEG 

.192 
4 

2 pL C 
70 K 5 

C16" 604-7---- 
004 ME M.05C.CON7R. .- -2V v 124 

Z+. 

f -m receivers. A photograph and 

base-diagram of the 1A3 are shown in 

Fig. 24. 

GALS 
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coo, 
OSF. 
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R10 2788 T05 MF 

R195 
56o 2 7 

6K6GT 
WDR .05C. 

V125 
+190V. 

l I ¡} C 176 1 0177 
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6SN7GT 
HOR. DISCH 

V120-8 
-37V. 

C 
680 

S 7 > 
1j m YÑ 

+ 
0175 

.o5 MF. 

R199 
10 K 

5202 
6800 

R200 
5000 

/ 
t275V. 

0178 
moo 

R 210 
6800 

R22 

00K 
13 

HOR. DRIVE 
CONTROL 

-100v. +275J, 

Fig. 23.- Schematic of a horizontal sync discriminator circuit using a 8AL5 

twin diode. 

A miniature detector tube (des - 

ignated type 1A3) has also been de- 

veloped for use in portable high - 

frequency equipment such as portable 

PHOTOETFCTRIC CFiJS 

PHOW TUBES. -Among the special 
tubes which may be encountered are 

the so- called photocells (photoelec- 

tric tubes) four of which are shown 

NCO ©NC in Fig. 25. A phototube has a single 

function -that of converting light 
rays, with their attendant variations 

in intensity, into electrical energy, 

with equivalent variations in am- 

plitude. The only difference between 

the operation of a photocell and an 

ordinary diode is the manner by which 

the electrons are caused to be emit - 

Fig. 24. -Photograph and base dia- bed. In the ordinary diode, this is 

accomplished by heating of the fila- gram of a 1A3. 
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ment or cathode; in the simple photo- 

cell, electron emission is accomp- 

lished by focusing light on the emit- 

ter. 

red, violet red, ultraviolet, blue, 

etc. 

Photocells may be divided into 

two general groups, those which are 

(Courtesy RCA) 

Fig. 25.- Several phototubes in use today. 

In an earlier assignment, it 

was mentioned that the cathode of a 
photoelectric cell has a surface of 
silver on which is placed a mixture 

of caesium and caesium oxide. It 

was further mentioned that sub- 
stances such as caesium, rubidium, 

sodium, potassium, etc., having low 

threshold frequencies, emit elec- 
trons much more readily than sub- 

stances having higher work functions 

(and hence, higher threshold fre- 
quencies). 

Photocell manufacturers have 
found that by the proper selection 
of the active alkali substance which 

forms the emitting surface, and by 

cheaical treatment, greatly increased 

sensitivity can be had. Furthermore, 

depending upon the alkali substance 
used, various photocell tubes differ 

in color- sensitivity; e.g., photo - 
tubes are available covering the 
following ranges of color: infra- 

highly evacuated, called the Vacuum 
Type, and those in which an inert 
gas such as argon is used, called 

the Gas Type. The 917* and. the 929 

shown in Fig. 25 are vacuum -type 
photocells, whereas the 927 and the 

928 ** shown are gas -type photocells. 

VACUUM-TYPE PHOWCELI,S. --In the 

study of vacuum tubes it has been 
shown that for a given filament 
temperature, as the plate voltage is 

raised the plate current is increas- 

ed up to a certain point; beyond 
that point an increase in plate volt- 

*The cap on the top of the 917 is 
the anode terminal. 

* *The 928 has what is known as anon- 
directional response; i.e., the cath- 
ode is arranged in such amanner that 
it responds to light coming from all 
directions, and not just from one 
direction, as in the 927. 

www.americanradiohistory.com

www.americanradiohistory.com


18 MULTI- ELEMENT TUBES; SPECIAL TUBES 

age will cause no further increase 

in plate current. That point is 

called the saturation point and is 

due to the fact that at the satura- 

tion point all the electrons emitted 

by the filament are drawn to the 

plate; further increase in plate 

voltage can cause no increase in 

plate current unless at the same 

time the filament temperature is in- 

creased. In such a tube, if the 

plate voltage is maintained at a 

sufficiently high value, the plate 

current will vary directly as the 

emission from the filament. 

In the high vacuum photocell an 

identical condition exists. The 

electron emission from the photo - 

emissive surface is a direct func- 

tion of the intensity of the light 

falling upon it. With a fixed light 

intensity, as the anode voltage is 

increased the photocell current will 

increase to the point at which all 

the emitted electrons are going tc 

the anode. An increase of anode 

voltage beyond this point will pro- 

duce no further increase in photo- 

cell current. If the anode poten- 

tial is maintained at a sufficiently 

high value and the electron emission 

is varied by variations of light in- 

tensity, the photocell current will 

also vary directly as the light in- 

tensity. 

It will be seen that just as in 

the high vacuum radio tube, the an- 

ode current of a photocell is limit- 

ed by the anode potential and by the 

electron emission from the emitting 

surface. Photocell currents are 

expressed in microamperes, .001 mil- 

liampere. In the smallest radio 

vacuum tubes the plate current is 

measured in milliamperes; thus the 

smallest currents dealt with in 

radio vacuum tubes are about 1000 

times as great as the largest vacuum 

type photocell currents. 

The output of the photocell, 

before it can be amplified, must be 

converted to volts. This is done 

just as in the load resistance of a 

resistance coupled audio amplifier. 

The anode potential is applied 

through a load resistance and the 

current changes through the resistor 

due to light flux variations cause 

voltage variations across the resis- 

tor which are used to excite the 

grid of an amplifier tube. The 

varies directly as the in- 

cident light and the cell current 

varies directly as the emission, the 

applied voltage being fixed. There- 

fore over reasonable limits the out- 

put voltage is essentially linear. 

bbr that reason this type of photo- 

cell is exceptionally well suited 

for accurate measurement of light 

intensities and for other values 

which can be accurately determined 

by the intensity of the radiated 

light. The disadvantage of the vacu- 

um type photocell is its small out- 

put. Another advant ge of this type 
of photocell is the fact that it can 

be used with comparatively high vol- 

tages, 

171E GAS FILLED PHOTOCELL. -This 
type of photocell is similar to the 

high vacuum type except that after 

the cell has been evacuated it is 

filled with one of the inert gases, 

such as argon, at very low pressure. 

As light strikes the photoelectric 

surface, electrons are emitted and 

attracted to the anode by the ap- 

plied voltage. However, since the 

Wipe is filled with gas the emitted 

electron strikes molecules of gas 

aislodging other electrons which 
also proceed toward the anode, so 

that for each electron emitted sev- 

eral electrons reach the anode, and 

the photocell current for a given 
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Light intensity and anode potential 

is considerably higher than in a 

vacuum cell of a similar type.. 

In the gas type photocell the 

current is not limited by the elec- 

tron emission from the photo -missive 

surface. For a given light inten- 

sity, which determines the number of 

emitted electrons, the actual photo- 

cell current is determined by the 

anode potential. As the anode volt- 

age is increased the current increas- 

es, the limiting factor of saturation 

not being present, and if the volt- 

age is raised to too high a level 

the tube will become self -sustaining 

in its ionization and the current 

will rise very rapidly. Beyond this 

point two conditions can exist: 

First, the photocell current will 

no longer be controlled by the in- 

tensity of the incident light; sec- 

ond, the bombardment of the photo- 

electric surface (cathode) by posi- 

Condenser 
/ens 

Exciter 
/amp 

fi lamen 

Op/ical 
system 

tive ions can be so great as to 

seriously damage the cell or shorten 

its life. To limit the current pos- 

sible due to ionization should the 

safe voltage be exceeded, the gas 

type photocell should always be used 

with a protective series resistor of 

at least 100,000 ohms. (Some manu- 

facturers recommend up to 500,000 

dams). 

As the voltage is increased, up 

to the ionization point, the sensi- 

tivity and output of the gaseous 

photocell increases. 

In general, the gas -type of_ 

photocell is primarily intended for 

use in sound -reproducing systems such " 

as that shown in Fig. 26. The light 

emitted by the exciter lamp is col- 

lected by a condenser lens; this 

light is thereby concentrated on a 

narrow slit as shown. The light 

passing through the slit is then 

focused by the objective lens onto 

Ob. jetlive /ens 

0 0 

Slit 

0 
0 
0 
0 
0 
CD 

Sprocket 
ho /es 

0 0 0 0 0 
0 .- 0 0 0 
0 0 0 0 0 0 0 0 

Sound 
track 

Photoemissi ve 
colhode 

Amplifier 

./to5 
meg 

/-5 
meg 

+90 V. 

Fig. 26.--Sound reproduction phototube circuits. 
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the sound track portion of the film. 

Thus a reduced, finer optical image 

of the actual slit, which cannot 
wear out, actually scans the sound 

track. The portions of this optical 

slit which pass through the film con- 

stitute an amount of light which var- 

ies in accordance with the variation 

in light and dark areas on the film. 

The light variations are then pro- 

jected upon the phototube cathode. 

The emission of electrons from this 

cathode varies in accordance with 
the light variations and hence with 
the photographed sound track. The 
electrons emitted owing to the photo- 

emissive effect then flow through 
the load circuit, and set up an audio 
voltage which drives the grid of the 
amplifier tube. The signal output 
can be increased by increasing the 

phototube load resistance, although 

such a procedure also results in in- 

creased distortion. 

The vacuum -type photocell is 

generally confined to light- operated 

relay circuits, and to light- measure- 
ment applications. Other photocell 

tube applications are in television 

and sound motion picture projection, 

as door openers, as photographic ex- 

posure controls, as burglar alarms, 
etc. 

The use of a phototube in a 

burglar alarm system is illustrated 

in Fig. 27, where an infra -red light 
beam is projected onto mirror M1, 
reflected on to M2, and thence to 

M3, etc., finally focusing on a 

photocell tube. Mirrors M4, Ms, M6 
and M. are at a higher level than 
mirrors 1, 2, and 3; likewise,mirrors 

8, 9, 10 and 11 are at a higher level 
than mirrors 4, 5, 6 and 7. The 
overall effect is that of a "light 
fence ", so to speak. An entire 
store could be protected from theft 
in this manner, since any interup- 

tion of the beam stops the flow of 

current in the phototube circuit, 
and sounds an alarm. 

Fig. 27. -- Illustration of a photo - 
tube burglar alarm system. 

One important factor to be con- 

sidered in working with photocells 
is leakage. The amount of trouble 
resulting owing to leakage depends 
somewhat upon the particular appli- 
cation, and thus upon the photocell 
current. If the photocell current 
is large, a small leakage current 
will often be negligible in compari- 
son. However, in situations in 
which the photocell must respond to 
an extremely small amount of light 
(and hence in which the phototube 
current is small) the leakage cur- 
rent should be kept as low as pos- 
sible. 

Leakage, as applied to photo- 
cells, refers to the current that 
flows owing to insufficient insula- 
tion, between the cathode and the 
anode even when the cathode is not 
being illuminated. Leakage oc- 
curs both inside and outside of the 
tube. Leakage currents can be re- 
duced in many instances by cleaning 
the insulating material between the 
photocell terminals with an alcohol - 
dampened cloth. 

Internal leakage in a photocell 

is caused largely by the evaporation 

of the alkali metal used on the 
photosensitive surface and its sub- 
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sequent condensation on the insulat- 

ing surfaces within the tube.. For 

example some caesium may evaporate 

from the walls of the tube over long 

periods of use and condense on the 

glass step supporting the anode ring. 

This will form a partial conducting 

path along the glass stem and leak- 

age current will result. The amount 

of such evaporation and condensation 

depends largely upon the type of 

alkali metal used; it is almost neg- 

ligible with lithium and sodium and 

practically impossible to prevent, 

to_some extent, with potassium and 

caesium, particularly with caesium. 

If such leakage does exist one prac- 

tical method of counteracting it is 

to continuously heat the cell local- 

ly sufficiently to keep the excess 

alkali metal in a state of evapora- 

tion so that it cannot condense on 

the insulating elements. 

In certain types of tubes (one 

of which is the 917 shown in Fig. 

28), if the surface of the glass en- 

velope is coated with some wax which 

does not absorb moisture, leakage 

owing to a moisture film on the 

glass can be reducen consider- 
ably. 

CATHODE 
LIGHT -__ 
SHIELD 

The procedure is as follows: after 

the glass surface has been thorough- 

ly cleaned, it should be dipped in 

the molten wax iwhich, incidental- 

ly, must not be so hot as to exceed 

the maximum ambient- temperature rat- 

ing of the particular tube) and al- 

lowed to remain for a short while, 

in order that the heat from the wax 

can vaporize any bulb -surface mois- 

ture. It is not necessary to coat 

the entire glass surface with wax. 

A continuous band of wax approxi- 

mately 3/4 of an inch in width is 

sufficient to eliminate this type of 

leakage. 

ELECTRON -RAY TUBES. --This tube, 

sometimes called the "Magic Eye" 

tube, is used to indicate maximum or 

minimum voltage across a circuit. 

It has a broad field of usefulness 

ranging from the indication of re- 

ceiver resonance with an incoming 

signal to indication of zero voltage 

in vacuum tube voltmeter measure- 

ments and indication of balance in 

a -c bridge measurements. In fact, 

the electron -ray tube can be used 

almost anywhere an accurate indica- 

tion of maximum or miñimum voltage 
is desired. 

FLUORESCENT 
/COATING 

__RAY - CONTROL 
ELECTRODE 

TARGET- .ff . TRIODE 
--PLATE 

TRIODE 
GRID -- u 

l`.;LL 
CATHODE 

L_[L[CTRON- 
nwv TUK 

CONTROLLU.G .S 
VOLTAGE 

Fig. 28.- Construction of typical electron -ray tube; and, associated circuit. 
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22 MULTI -ELEMENT TUBES 

Fig. 28 shows (left) the construction 

of a typical electron -ray tube and 

(right) the electrical circuit of 

the tube. The tube contains two 

sections: The lower part is a con- 

ventional triode which in the circuit 

is used as a d-c amplifier to amplify 

the controlling voltage, the latter 

being taken from the circuit under 

observation. The incorporation of 

an amplifier in the indicating device 

greatly increases its sensitivity. 

The upper part of the tube is the in- 

dicating device made up of three 

major elements: An inverted cone, 

the inner surface of which has a 

fluorescent coating. This element 

is called the "target" and the angle 

of the fluorescent pattern on the 

target produces the indication of 

maximum or minimum voltage. The 

lower -end of the cone (target) is 

cut away and through the opening 
thus produced protrudes the second 

cathode having an upright tubular 

form over which is placed a light 

shield so that the heated cathode is 

not seen when viewing the fluorescent 

target. The third element, the ray - 

control electrode, is not clearly 

shown in the illustration. It con- 

sists of a very thin blade approxi- 

mately one -sixteenth inch wide and 

one- quarter inch long placed on one 

side between the cathode and the 

target, an edge of the control ele- 

ment facing the cathode. The ray - 

control element is connected to the 

triode plate as shown in the circuit 

(Fig. 28) and at all times is at the 

same potential as the triode plate. 

The operation of this device is 

quite simple. Between the target 

and the triode plate is connected 
resistor R, ordinarily about l megohm 

with E of 250 volts and .5 megohm 
with E of 100 volts. When triode 

p 
plate current flows a difference of 

SPECIAL TUBES 

potential is established across R 

and the ray -control electrode (con- 

nected to the triode plate) is made 

less positive (negative) as compared 

with the fluorescent target. If the 

ray -control electrode is at the same 

potential as the target (no triode 

plate current) the entire target 
will glow. When, due to triode 

plate current, a voltage drop is es- 

tablished across R and the ray -con- 
trol electrode becomes negative with 

respect to the target, the ray -con- 

trol tends to repel electrons going 

from the cathode to the target and 

thus produces a shadow on the other- 

wise fluorescent target, the width 

of the shadow depending upon the 
difference of potential between the 

elements. Three typical conditions 

are shown in Fig. 29. 29 (a) il- 

lustrates the condition of maximum 

glow where the voltage drop across 

R is reduced to minimum due to nega- 

tive control voltage applied to the 

triode grid minimizing the flow of 

plate current. 

Fig. 29 (b) shows an intermediate 

position in which the shadow angle 

is approximately forty degrees, the 

rest of the target glowing. This is 

the to a reduction in the negative 

voltage applied to the triode grid, 

thus allowing greater plate current 

to flow through R with a consequent 
increases voltage drop across R. 

Fig. 29 (c) illustrates the 
maximum angle of shadow (approxi- 

mately 100 degrees) which is obtain- 

ed when the triode control grid 
voltage is reduced to zero and maxi - 

mum plate current flows through R. 

The triode connection always should 

be such that the controlling voltage 

makes the triode grid negative with 

respect to its cathode -never posi- 
tive. 

Typical electron -ray tubes are 
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PHOTOELECTRIC CELLS '23 

the Types 6E5, 6AB5/6N5, and the 

6G5/6U5. The operating characteris- 

tics of the 6U5/6G5 are shown in 

Fig. 30. 

Cathode 
Light Shield 

Tube 
Wall 

Fluorescent 
I Target 

Ray- Control 
Electrode (a) 

cases the controlling voltage is 
a.v.c. voltage which of course is 

negative with respect to the cathode 

connections. The negative a.v.c. 

(b) (e) 

Fig. 30.- Illustration showing variation in shadow angle with control -grid 

vol tage. 

Fig. 31 illustrates two typical 

receiver circuits employing the type 

6E5 as a tuning indicator. In both 

25 

200 

50 

voltage is applied to the control 
grid of the 6E5. When the signal to 

the diode second detector increases 

AVERAGE CONTROL CHARACTERISTICS 
oa 
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CfsÌ.1 VOLTS 
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ll 
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Fig. 30.--Characteristic curves for a 6U5/6G5. 
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24 MULTI- ELEMENT TUBES; SPECIAL TUBES 

as the signal is tuned in, the a.v.c. 

voltage increases in proportion, the 

triode grid becomes more negative 

I -F Trans. 
Diode Section of 
Second Detector 

the resultant value of R3 is so 

low as to appreciably affect the 

a.v.c. voltage, the controlling volt- 

I -F Trans. 
Diode Section of 

S- ,. D 

C 

A.V.C. 

Type 6E5 To A -F 
Circuit 

R 

R, 

R2 

R3 

R4 

R3; , 

To Cathode -Bias 
B+ 

Resistor (RC) 

or Ground 

_ (1.0 Megohm for B+ = 250 volts 

0.5 Megohm for 5+ = 100 volts 

= 0.05 Megohm (R -F Filter) 

= 0.2 Megohm 
= Determined by test. See text. 

= AVC Filter Resistor 

To Cathode -Bias 
resistor (Re) 

or Ground 

R3 = R4 

Ra + R, = 0.2 tdegohm 

C, = 100 to 200 µu,f 

C2 = AVC Filter Condenser 

C3 = 0.05 to 1.0 uf 

C4 =02 

Fig. 31.- Typical receiver circuit using a 6E5 as atuning indicator. 

with respect to its cathode, triode 

plate current decreases as does the 

voltage drop across R, and as the 

drop across R decreases so also does 

the width of the shadow. With prop- 

erly proportioned circuits, a strong 

r -f carrier voltage will just re- 

duce the shadow angle to zero de- 

grees. 

When the left -hand circuit of 

Fig. 31 is used R3, if needed, is 

determined by test. Apply a strong 

signal and adjust R3 until the 

shadow -angle is almost zero. If 

age should be obtained as in the 

right -hand circuit of Fig. 31. R3 

is used only when the strongest 

carrier produces sufficient a.v.c. 

voltage to drive the triode grid to 

cutoff, under which condition the 

shadow angle will be reduced to zero 

and the fluorescent areas from the 

two sides will overlap. 

The selection of the type of 

electron -ray tube to use depends 

upon the a.v.c. characteristics or 

the receiver. Where only a compara- 

tively small a.v.c. voltage is 
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available the 6E5 which contains a 

sharp cutoff triode should be used. 

Where large a.v.c. voltage is avail- 

able the 6AB5/6N5 or the 6U5/6G5 
having a remote cutoff triode should 

be used. The latter tubes require a 

larger controlling voltage to reduce 

the shadow angle to zero than does 

the 6E5. 

Another type of electron -ray 

indicator is the 6AFB -G, a base dia- 

gram of which is shown in Fig. 32. 

Fig. 32.--Base diagram of a type 

WO-G, electron -ray indicator tube. 

This tube contains two opposite ray - 

control electrodes but no amplifier. 

Used with a singl" external am- 
plifier, the two ray -control elec- 

trodes may be connected together to 
produce two opposite symmetrical 
shadows. Or the two electrodes may 
be connected to separate amplifiers 

to indicate maximum voltage in two 
separate circuits. 

As maximum or minimum voltage 
indicators, the electron -ray tube 
has many applications in radio tun- 
ing, measuring and test circuits. 

SUBMINIATURES. -Among the spe- 
cial tubes of interest are the sub- 
miniature tubes such as those in 

proximity fuzes and in hearing aids, 
two of which are shown in Fig. 33. 

The average height of these subminia- 

tures (excluding the terminal leads) 
is about i 1/4 ". The terminal leads 

of subminiature tubes are very flex- 

ible, and as a result the tube can 

be mounted in any position. 

Although subminiature sockets 

are available, it is not always 
necessary nor desirable to mount the 

tubes in sockets; instead, the tube 

leads can be soldered or spot welded 

directly to the associated circuit 

components. In order to allow for 

Fig. 33.- Photograph of two sub- 

miniature tubes for use in hearing 

aids. 

such varied connections, the leads 

are made approximately 1 1/2" long; 

they can then be cut to the length 
desired for any particular job. Fbr 

subminiature socket mounting, the 

leads are available in a 0.2" length, 

as well as the standard 1 1/2" size. 

Subminiature tubes have the 
advantage over other types of being 
very small, light in weight, and in 
many cases, of having a low battery 
drain. These factors are of partic- 
ular importance in portable equip- 
ment. The subminiature tubes range 
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26 MULTI -- ELEMENT TUBES; SPECIAL TUBES 

in height from approximately 1.25" 

to 1.5" (excluding leads, of course) . 

For operation in u.h.f. cir- 

cuits, it is desirable to use a tube 

which has low interelectrode capaci- 

tances and a high input resistance. 

One such tube (in the subminiature 

line) is the CK5702/CK605CX manu- 

factured by Raytheon. This is the 

tube on the right in Fig. 33. The 

CK5702/CK605CK has a transconductance 

of approximately 5000 mhos. 
Multi- element tubes of the sub- 

miniature type include the 2F41, the 

CK551AXA (both of which are diode - 

pentodes), and the 2G21 which is a 

triode -heptode. The latter tube 

serves as a combination oscillator 

and mixer in portable receivers. 

The filament voltage of the 2G21 is 

1.25 volts and the filament current 

is .05 ampere. The diode -pentode 

type 2F41 is used as a detector -am- 

plifier in portable equipment. 

Special subminiature tubes were 

developed for use in proximity fuzes. 

The tubes used in hearing aids were 

not strong enough mechanically, with 

the result that entirely new tubes 

had to be designed for use in prox- 

imity fuzes. The strain to which 

the tubes would be subjected, in be- 

ing fired from the gun, was tremen- 

dous. 

It was found that tubes which 

were flat on the sides (such as most 

hearing aid tubes) cracked more 
easily than cylindrical tubes. An- 

other point to be considered was 
that the terminal leans of previously 

developed subminiature tubes were 

all in one plane; this type of con- 

struction did not provide as rigid 

and stable a mounting as is obtain- 

able when the leads are in various 

planes. 

Since the proximity fuze had to 

operate within approximately one 

second after it was ejected from the 

gun barrel, it was necessary to use 

tubes having directly heated cath- 

odes. The tubes which finally met 

the necessary specifications in gen- 

eral do not have particularly good 

electrical characteristics *; however 

it was not necessary to have partic- 

ularly good characteristics so long 

as the operation was stable and de- 

pendable. The tubes were required 

to have only an extremely short life 

--a few minutes of operating life 

were sufficient. 

Fig. 34.- Subminiature tubes used in 
the Belmont "Pocket" radio. 

The tubes were mounted in rub- 

ber cups when they were placed in 
the nose of the fuze. In order to 

insure electrical and mechanical 
stability, the circuit components 
were "cast" in a so- called potting 

compound. This procedure eliminated 

leakage resulting from dust and 
moisture getting in the various con - 

ponents. The potting compound 
should be such that it absorbs very 

*One exception to this statement is 
that these tubes do have very little 
microphonic noise. 
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little moisture, and has a low elec- 

trical loss. 

Belmont corporation utilizes 
subminiature tubes in their "pocket" 

radio, shown in Fig. 34. The tubes 

are inserted in their respective 
sockets in an angular manner; i.e., 

the terminal leads enter the socket 

at an angle as shown in Fig. 35. 

Fig. 35.- Method of inserting sub - 
miniatures in their sockets in the 

Belmont radio. 

The tube is then pushed down until 
it is in an erect position. 

RES UME 

This concludes the assignment 

on multi -element and special tubes. 

The action of the variable -4 tube 
was explained first. It was learned 

that, owing to the special con- 
struction of the grid, the ac- 

tion of the variable-4 tube is 

the same as that obtained when a 
low -4 tube and a high -4 tube are 
operated in parallel; i.e., the 
characteristic curve approaches 
cutoff in a very gradual manner. 

Next, tubes known as penta- 
grid converters and pentagrid mix- 
ers were discussed, and circuits 
typically found in f -m and tele- 
vision sets using such tubes were 
shown. Then various other minia- 
ture -type "combination" tubes were 
discussed, and typical circuits 
were shown for these tubes. 

Next, was the description of 
photocell tubes and their operation, 
followed by a discussion of "tuning 
indicator" tubes. Following that, 
subminiature tubes, intended pri- 
marily for use in hearing aids and 
proximity fuzes, were discussed. It 
was found that although tubes for 
the above mentioned purposes are 
similar in physical size, different 
properties and specifications are 
encountered in each type. The 
various problems which were en- 
countered in the design of subminia- 
tures for proximity fuze operation 
were briefly described. 
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MULTI-ELEMENT TUBES; SPECIAL TUBES 

EI:AMINATION 

1. Explain briefly why it is impractical to use a.v.c. with or- 

dinary triode and tetrode r-f and i-f amplifiers. 
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2. Describe briefly the construction and operation of a penta- 

grid converter. How does it differ from a pentagrid-/mixer? 
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3. What is a duplex-diode triode, and for what circuit func- 

tions/ can such a tube be used? 
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4. What is the difference between the miniature twin -diode 
triode types 6AT6 and 6BF6? 
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EXAMINATION, Page 2 

5. What is meant by delayed a.v.c.? 
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6. Why is a high -µ desirable in a Class B amplifier tube? Why 
are Class B audio amplifiers operated in push-pull? 
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8. How does 
um tube? 
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the "photocell" tube differ from the ordinary vacu- 
What are the two types of photocell tubes? 
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MULTI- ELEMENT TUBES; SPECIAL TUBES 

EXAMINATION, Page 3 

8. (continued) 

9. In what portions of atelevision receiver could a miniature 
type 6AL5 tube be used? 
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10. What is the primary difference between the 6E5 and the 
6AB5/6N5? As a tuning indicator, where / would each be used? 
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PROBLEM 6 

MULTI -ELEMENT TUBES 

High -mu tubes permit zero -bias operation -- -this elim- 
inates the need for a bias supply, as well as resulting in 
more constant loading of the driver. High -mu tubes give more 
output for the small excitation available than do low -mu 
tubes, thereby compensating for the step -down input trans - 
former which reduces the gain. 

Owing to the cancellation of the lower curvatures in the 
tube characteristic curves, a large reduction in the amount 
of even -harmonic distortion in the output is obtained by using 
push -pull operation. Push -pull operation results in more 
constant loading of the driver where grid current is drawn 
by the output tubes whereas in single -ended operation the 
loading would only occur over one -half cycle of operation. 
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