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The A. C. Screen -Grid Pentode 
The five- electrode tube which introduces revolutionary possibili- 
ties into radio circuit design, with data as to its characteristics, 

and suggestions as to circuits adapted for its employment 

THE progress of tube development, 
which has been rapid during the past 
three years, made another spurt re- 
cently with the appearance of a new 

American "pentode," or "five -element" tube; 
which was demonstrated in this city to 
radio engineers late in January, and will, 
it was then stated, be available on the 
market alwut the time of the appearance 
of this issue of RADIO-CRAFT. 

This tube (unlike the British pentode, 
which has been used as a power tube only, 
for the past two years) is designed espe- 
cially as a radio- frequency amplifier, to 
work into a tuned -plate impedance; and is 
adapted also for audio- frequency amplifica- 

Fig. A 
At the right, the new pentode, showing 
its external appearance. The connection 
to the additional, or "space -charge," grid 
is made through the binding post on the 
tube base. At the left, a pentode broken 
open to show its elements; the plate and 
screen -grid arc spread out; the inner elec 

trades in their usual position. 

tion in suitable circuits. Its amplification 
factor, as may be seen from the technical 
data given below, is enormously high; ris- 
ing to as much as 750, compared with the 
420 of the '24 type, which it is intended to 
replace; while its mutual conductance may 
be as high as 2,500, compared with 1,050 for 
the '24. This operating characteristic is 
gained by operating with 250 volts on the 
plate, and 135 (positive) on the screen - 
grid; while the space- charge grid (the new 
element) carries 20 volts, positive. 

It is well known that the older screen - 
grid tubes give two circuit options. One is 
that of using the fourth or screen -grid ele- 
ment as a capacity shield around the plate 
(from which fact the tube was often called 

n "shield -grid" type), while the inner grid 
serves the purpose of impressing the signal 
input on the tube. In the other connec- 
tion, the inner grid is used with a positive 

charge to accelerate the flow of electrons 
from the filament and break up the nega- 
tive "space charge" which surrounded it. 
This "space- charge" hook -up is preferred 
for audio amplification. 

In the new pentode (styled the "P -1" by 
its manufacturer, the CeCo Mfg. Co.) both 
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Fig. 2 
Plate -current curves of the "P -1" pentode, 
showing the effect of different values of nega- 
tive bias, applied to the middle or "control - 

grid," at different plate potentials. 

these advantages are obtainable. 
In the tube the following: 

The Five Electrodes 
(1) A heater filament, similar to that of 

the '24 type, drawing 1.75 amperes at 2.5 
volts. This is electrically isolated from 
the electrodes or elements of the tube, and 
connected to the "F" prongs of a UY -type 
tube base. 

(2) An electron -emitter or cathode, 
heated by the filament as in the '24 and 
'27 tubes, and connected to the "C" prong 
of the tube. 

(3) A "space- charge grid" surrounding 
the cathode. This is connected, not to the 
socket, but to a terminal at the side of the 
tube base. To this a source of low, positive 
potential is connected. 

(4) A control -grid which, as in the '22 
and '24 types, is connected to a metal cap 
at the top of the bulb. This, by means of a 
clip and lead, is connected to the signal 
input. 

We find 
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(5) A screen -grid which, as in previous 
tuhe types, is connected to the "G" prong 
of the tube base. Upon this is impressed 
a high positive voltage, somewhat lower 
than that of the plate. It serves the pur- 
pose of eliminating the capacitive effect be- 
tween plate and control -grid. 

(6) A plate, which is similar to that of 
the '24, and connected to the "P" prong of 
the tube. 

The tube itself, a view of whose elements 
is given herewith, fits the standard UY tube 
socket; it is 1 13/16 inches in diameter, and 
51/4 inches high. 

A Pentode Circuit 
The circuit diagram (Fig. 1) given here 

shows two pentodes used for R.F. amplifica- 
tion, following a band -pass filter; a third 
R.F. stage might follow, or the two stages 
feed into a standard detector. 

The constants of the coils and tuning con- 
densers are not given; this would depend 
upon the design of the receiver. (Articles 
dealing with band selectors have appeared, 
and will appear, in RADIO-CRAFT from time 
to time.) 'l'he cathode resistors Rl, pro- 
ducing the control -grid bias, should be 150 
to 160 ohms; the screen -grid resistors R2, 
5,000 ohms; and the potentiometer R3, regu- 
lating the voltage on these elements and 
thereby serving as a volume control, 25,000 
ohms. 'l'he by -pass condensers Cl (for 
space -charge grid), C2 (for screen -grid), 
C3 (for plate), and C4 (for cathode) may 
be of the customary 1 -mf. value each; it 
will be noted that the common side of the 
unit shown is the cathode, or neutral point 
of the tube, and not the ground. The R.F. 
chokes Ll are also of standard value. With 
the high degree of amplification obtained 
by the pentode, the filter system shown is 
most essential. 

Characteristics 
In Fig. 2, we illustrate the effect of the 

various control -grid voltages upon the plate 
current. The screen -grid voltage used is 
180 and the space -charge voltage 10. Irre- 
spective of the control -grid bias, it will be 
seen, the plate- current curve rises abruptly 
with the plate voltage until the latter 
reaches about 180, and then flattens out. 

The curve of the space -charge grid bias, 
which is not reproduced here, is practically 
a straight line, from 7 volts up, under stand- 
ard operating conditions. While the increase 
of this positive grid voltage results in a 
higher mutual conductance reading, it pro- 
duces at the same time also a higher plate 
current as well as a much higher grid cur- 
rent and it is therefore desirable to limit 
this voltage in the interests of longer tube 
life. 

A comparison of the P -1 with the '24 type 
indicates a comparative R.F. gain 23 per 
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cent. higher for the pentode in each stage. 
This would amount to 51 per cent. more gain 
for two stages. With such amplification, it 
is obvious that precaution against grid over- 
loading must be taken, especially in the de- 
tector. The characteristics of the tube, with 
a plate voltage of 250, and a control -grid 
voltage of 1.5 (negative) are as follows: 

Space. Charge (volts +).. 
Screen -Grid (volts +) 
Amplification Factor 
Plate Resistance 

(thousands of ohms) 
Mutual Conductance 

(micromhos) 

Plate Current 
Screen -Grid Current 
Space. Charge Current 

The D.C. Pentodes 
In view of the non -technical publicity 

given the demonstration of the pentode, the 
Radio Manufacturers Association has issued 

ID a statement, conceding that "a given result 
is possible with less tubes, using pentodes,' 
but arguing that "it is unlikely that the cost 
of a complete radio receiver would be any 
less. 'l'he pentode is used more widely in 
England, because of the greater popularity 
of battery -operated portable sets and be- 
cause patent licenses are based on the num- 
ber of tubes in the receiver. Reduction of 
tubes has therefore been more important in 
England, just as low- powered automobiles 
are more popular there on account of the 
license taxes being based upon horsepower." 

The British pentode, as we have stated 
above, is a different type of tube, being a 

10 20 10 20 
180 180 135 135 
575 540 740 750 

285 180 380 300 

2000 3000 1930 2500 

Milliamperes 
4.1 6.0 1.7 2.6 
0.8 0.9 0.5 0.2 
3.0 10.0 5.0 12.0 
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EXPERIMENTERS will be rejoiced to know that, for the first time in many 
months, "something new in radio" has been developed. 

The new tube, the Pentode, described in these columns, is revolutionary enough 
to be called new. It is true that in England, Pentodes have been used for some 
time; but they are of a different construction and used for an entirely different pur- 
pose (namely for audio- frequency output stages) never for radio -frequency. 

Of importance is the fact that this new tube marks, probably, as great a revolu- 
tion in radio as did the screen -grid a few years ago. Entirely new combinations and 
new radio circuits will be developed; and since the sensitivity of this tube is vastly 
greater than that of the screen -grid, fewer tubes will be required to accomplish the 
desired purpose. 

We believe that the possibilities of the Pentode are greater than those of any 
previously -known amplifying tube. 

The radio professional and Service Man will, of course, welcome the opportunity 
to familiarize himself with this new development, which will prove of considerable 
importance in commercial practice during the next few years. 

As an interesting sidelight, it should be noted that (just as it did so many times 
before when a new and important radio item came along) the short -sighted radio 
trade at once "pooh -poohs" the Pentode, and begins to oppose it. Naturally, a new 
and important tube will scrap older developments; and such progress is never liked 
in certain quarters. 

Such an important body as the Radio Manufacturers Association has taken great 
pains to send out warnings to the trade that the Pentode is not new and will not prove 
of value. We do not share this view; time will tell who is right. 

high- amplification power tube designed to 
work out of a low -voltage detector; just as 

we have here power detectors to work into 
a power tube without an intervening first 
audio stage. The Marconi "1'1'240,' a typ- 
ical pentode with two -volt filament (British 
and Continental tubes are standard at 2, 4 
and 6 volts for storage battery operation) 
has a maximum plate voltage of 150, and a 

rated amplification factor of 100 with an 
impedance of 50,000 ohms (measured at 100 
volts each on plate and screen- grid). It is 
used to give power output from a battery - 
operated set; while simpler tubes supplied 
with power from the house- current are not 
under such requirements of economy. It is 
possible however, that the power pentode 
will soon be introduced here. 
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A band -pass filter circuit, suggested by the makers of the pentode, for development of the tube's highest efficiency; the filter design is a special 
engineering problem, so constants are not given. As pentode circuits are developed for use, they will appear in later issues of RADIO-CRAFT 

The Possibilities of the Pentode 

as in Germany we saw developed to an ac- 
tual "quantity- production" stage (although 
mostly by hand labor) the exceedingly in- 
tricate and ingeniously constructed mehr- 
fach -rohr, of Dr. Sigmund Loewe, contain- 
ing three, four, and sometimes five complete 
and distinct three -element units mounted 
upon a single stem, and all within a single 
evacuated bulb. 

Such developments abroad were economi- 
cally necessary; because of government 
taxes, and the fact that few indeed can 
afford the prices, for radio sets, which in 

(Continued front pine -199) 

our country are considered exceedingly 
cheap. We have not experienced the need 
for such economy here. But the advent of 
pentodes on a quantity basis will unques- 
tionably- speed the production of the cheaper 
sets, intended for the more modest radio 
fan. 

Opportunities for the Experimenter 
Revolutionary claims for the pentode will 

doubtless be made. Our past experience 
with the screen -grid should render us cau- 
tious in accepting such assertions; at least 
so far as the general public use of the tube 

is concerned. Unquestionably, many new 
and ingenious hook -ups will be found ad- 
vantageous; just as the case has proven so 

richly during the past few months, with the 
simpler screen -grid tube. 

For, when it comes to the experimenter, 
the possibilities handed to him with a pair 
of well -built pentodes -and all the con- 
densers, transformers, chokes, potentiometers, 
meters, and batteries which he can desire - 
are beyond all computation. There lie, I 
promise you, alluring paths, devious and 
quite without end! 
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