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POWER OUTPUT PENTODES

The pentode was developed to make available an ocutput tube with a higher ampli-
fication factor and a better operating efficiency. After much experimental work
thege results were finaily obtained by eliminating some conditions that limited the
performance of the r'ormer output tubes. One of these was the negative space charge
that accumulated around the filament of the tube, and the other was the so-called
secondary emigsion from the plate. Both of these were overcome in a really simple
manner,

In the early digcussion of the screen grid tube it was clearly shown how a cloud
of electirons accumlates around the filament, and how these electrons in a group form
a strong negative charge throughout the surrounding space. This collection of
electrons is called the space charge, and its effect is to hinder and oppose the
release of more electrons from the filament, In this manner, it greatly limits the
permissible plate current. Since the effectiveness of a tube as an amplifier depends
upon the extent to which the grid potential variations affect the flow of plate
current, that is the movement of electrons between the filament and the plate, the
space charge also reduces the amplifying qualities of the tube, With the heavy space
charge present a am;il change in grid potential will not affect the plate current
as appreciably as it would if the space charge were not present,

In the pentode, as in the screen grid tube, this space charge is counteracted or
“eatralized by the presence of another element or grid that carries a positive charge.
This slement is knowvn as the ecreen grid or space charge grid, and is insertedon the
plate side of the control grid. The positive charge on the screen grid attracts the
negative space charge electrons; but since this grid is a coarse mesh, only a few
electrons actually strike it, and therefore only a small screen grid current flows,
This current, of course, is wasted energy but fortunately is negligible in amount.

The rest of the electrons are so speeded up by the positive force on the space charge
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grid that inetead of landing on this element they pass right on through to the more
distant, but also positively charged plate.

¥ith the space charge thus removed, or at least greatly reduced, the plate
voltage becomes more effective, for the electrons in their passage from the filament
(or cathode) to the plate need not overcome the retarding influence of the space
charge, Also, slight variations in grid potential are more capable of affecting the
plate current flow than if the space charge were present, Expressed in other words,
eliminating the space charge enables the tube to operate at a higher amplification
factor, This is one of the features sought for in an improved output power tube,

the other being a greater power output as compared to the input requirements.

CONSTRUCTION OF THE TYPE 47 A, C, PENTODE

As was previocusly explained, the pentode is esgentially a screen grid tube with
an extra element or grid that so changes the operating characteristics of the tube
that it can be used as an output audio amplifier, In this mapner a higher degree of
sensitivity is irparted to the audio output circuit, so that it is poseible to ob-
tain a large veclume of undistorted output even with signals that are comparatively
weak when they reach the audio system,

A commonly asad 4, C. power pentode is the No, 47 tube. Ae the name suggests,
the pentode has five elements or electrodea, It employs & coated electron emitting
filement designed primarily forA. C, operation at a normal rated voltage of 2.5 volts.
The filament currant consumption is 1.5 amperes, Immediately surrounding the filament
is the control grid, which corresponds to the grid found in ordirary power tubes,.

It receivea the gignal impulses and influences the movement of electrone accordingly.
The function of the screen grid is to overcome the space charge that tends to clog
the action of the tube, The next element in the tube is the suppressor grid

(or cathode grid), used for the purpose of neutralizing or suppressing the secondary
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electron emission from the plate. The space charge grid or screen is generally
operated at a positive potential of 250 volts, but the suppressor grid is internally
connected to the center of the filament and therefore is at practically gero or
ground potential, The fifth element 1z tke plate, which as in all tubes is operated
at a high positive potential, and in the cage of the type 47 pentode at a rated
pressure of 250 volts.

This comstruction of the A, C. power pentode is illustrated diagrammatically in

e, s

+8

Figg. L B 2
¥lig. L.—Arrangement of the elements In a type 47 output Pentode.
l-‘I:. 2.—~Base pin arrangement of the 47 Pentode, looking at bottom of tube.

A-e is illustrated, the filament "F" is supplied with current from the 2 1/2-volt
secondary of a suitable power transformer. Next to the filament 18 the control grid
"G" which receives the input signal voltages., Surrounding this is the space charge
grid "Sc." which receives a positive potential of 250 volts and drawe a current of
about 7 milliamperes. Then comee the suppressor grid "Su,." which is connected to the
center of the filament "F® and is at zero potential. Beyond this is the plate "p¥
which as in all tubes is operated at a high positive potential.

The A. C. pentodie type 47 is identical in size and dimensions with the type U5
output tube, except that it employs a standard five-prong base as illustrated in
Fig., 2. The identification of the five prongs 1s similar to that of the 27 tube,
except that the cathode prong is the space charge or screen grid prong in the case of
the 47 tube. Since the suppressor or cathode grid is electrically connected to the
center of the filament inside of the tube, no external connection need be provided for
thie element, The tube thus fits into the standard five-prong *"UY" socket.
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ELECTPICAL CHARACTERISTICS OF THE NUMBER 47 PENTOIE

Irn the following tadle are given the electrical operating characteristice of the
47 pentode tube. It is recommended by the tube manufacturers that these wvalues be

adnered to as closely as possible in order to obtain best results from the tube.

OPERATING CHARACI'ERIS'TICS

Filament Voltag® sisesscessnsansceses 2o5 Volte Screen Current ..eesessees.s b Killg
Filament Current ....eeeeceessceresse 1la5 Ampa, Plate Impedance cesssesssss 60,000 Ohras
Plate VOoltagBaecosonssnsscosnssesess 290 Volts Mut, Conductance ..eeceveees 2,500 Mimhog
Screen Grid VOltBessescocssscsesnass 250 Volts Load Resietance eeceessess 7,000 Ohmes
Gont, Brid VolER +ecauaatunerhoe snvosdrdita Tolts Hmp, PENSGD Gedtaihtoonsnnes 150

Plate Cllrrent..n.o.............n.. 32 Mills Power Output «00 90008000000 2,‘)00 M Vatts

REPLACING CUTPUT 1'UBES WITH PENTODES

The advantage of the pentode power tube, it was pointed out, is its greater power
output capacity at a relatively lower grid swing, In other words, it is a power output
tuoe with a higher amplification factor, and is more economical in cost of operation,
When employed in circuits designed for its use, the pentode zives quite satisfactory
results; dut if it is attempted to substitute it in circuits employin:; other power
tubes, such as the 45 tube for example, a different situation presents itself,

In any well designed circuit, either of the tuned radio frequency or the super-
heterodyne type, the amplification gain is calculated so that the siznal voltage at the
time 1t reaches the output tube is high enough to produce full grid swing, which in the
case of the 45 tube is about 50 volts. It is at once evident that if a pentode were
substituted directly for a U5 tube, it would be overloaded by over 200 per cent, for
the maximum grid swing for distortionless output with the pentode is only 15 volts, A4

reduction in signal strength is necessary. This could be done by reducing the sensitivity
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of the R.¥, amplifier, but this would decrease the pick-up ability of the receiver

ior weak signals, and if cerried too far would introduce serious distortion, The
method 1s accordingly not to be recommended. Another scheme would be to elimiaate

the first audio stage and employ resistance coupling between the detector and the pen-
tode. This might work out fairly satisfactorily, but if the cost of making this change
is considered as well as the other necessary alterations, no saving would be gained.
Another point that needs consideration if such a replacement is contemploted, is the
plate impedance of each tube and the recommenied load resistance, Since these values
differ widely in the 45 and 47 tubes, a change in output transformers would also be
necessary if the tubes were changed. The bias resistor would likewise have to be
changed, for while the U5 tube requires a grid bias of 50 volts at a plate pressure of
250 volts, the 4] pentode needs only 16,5 volts under the same conditions.

After all is considered, that is the circuit conditions that would require change
or adjustment and the parts that would need replacement, very little, if anything,
would really be gained by replacing a 45 tube with a L7 pentode, especially if there 1is
ample R, F. amplification and & sufficiency of power output from the power tube, in
use. It is not a change that the service man can conscientiously recormend to his
customers as a means of improving their sets and bringing them more up to date. An
exception might be the case of an older or poorly designed receiver that hasn't the
output desired, for under these conditions the substitution of a pentode in the last

stage would materially aid the output,

THE TYPE 33 POWER OUTPUT PENTODE

The type 33 tube is a two-volt power amplifier pentode developed to improve the
performance of battery operated receivers employing the 2-volt air cell battery or
other battery power where economy of filament current drain is important. The 33

pentode offers the same advantages in its fleld as the type 4] does in A, C. receivers,
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The type 33 pentode is similar in construction to the type 47 in that it has the
same five elements, but on accouat of the lesser power requirements is somewhat smaller
in size. The fllament is of the coated type rated at 2 volts, and eonsumes a currant
of 0.26 ampere., Next to the filament is the control grid, and surrounding the control
grid 1s the sereen grid, The outermoet element is the plate, The suppressor grid is
located between the plate and the secreen, and is electrically connected to one side of
the filament, that is to the filament prong esdjacent to the sereen grid terminal,

Tne 33 pentode employs a five-prong base that fits into a standard "UY' socket.
The base connections are as follows: The filament terminals to tvhe standard heater
prongs, the control grid to the grid prong as with the 27 tube, the screen grid to the
cathode prong and the plate to the normal plate prong. The suppressor grid is internally
Joined to the heatsr prong adjacent to the sereen grid prong., In the following table

are glven the operating echaracteristics of the 33 pentode.

QPERATING CHARACTERISTICS

Filament VoltB.sssseossess 2.0 Screen Curreénteccccceecess 3 Mills
Filament AmMPEres ceesscsess 0.26 Mutual Conductanc@eecseess 1,450 Micromhos
Plate Tilllliannssconcesssss L0a Amplification Factor secees 710

@rld YVRollt supnonoesansssrns =L3ed Plate Registance .e.eseee¢450,000 Ohms

Flate YEES, saenssanavoons 155 Load Resistanc®@escasscsss 7,000 Ohms
Screen VoltBesssescesansaa 135, Power OutPUtesesecccnanse 700 Milliwatts

On account of its high amplifiestion factor, the 33 pentode makes 1t possible to
onit a first audio stage end still deliver a large output to the spesker. This effects
a saving of the filament and plate current drain of one tube, which in battery operated
receivers is an appreclable economy, As indicated in the table avove, the maximum un-
distorted power output is 700 milliwatts, and this is nearly equal to the output of a

type TlA tube operated at a plate pressure of 180 volts, while the 33 tube requires
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only 135 volts, The plate impedance of the tube is very high, 50,000 ohms,
and for best results, therefore, the load resistance should be maintained

at the recommended value of 7,700 ohms,

THE TYPE 38 POWER OUTPUT PENTODE

The type 38 tube 1s also a power output pentode; and although it was in-
tended primarily for automobile radio service, it is also used in other types
of radio receivers, This tube employs en indirectly heated cathode, the
heater element being designed for a 6.3-volt power supply. The current con-
sumption is only 0,3 ampere, and either direct or alternating current can be
used. The power output at 135 volts plate pressure is 525 milliwatts, a 1lit-
tle less than that of the 71A tube at 180 velts, The suppressor grid, which
limits the secondary emission at the plate, is connected internally to the
cathode and is therefore at the same potential,

The 3% tube employs the small five-pin base that fits into the standard
"Y" socket, Looking at the base of the tube with the heater pins toward the
observer, the arrangement of the pins starting with the left hand heater pin
and going around in a clockwise direction is: Heater, plate, screen, cathede,
heater, The control grid i1s brought out to a metal cap at the tep of the
tube, To maintain the output as high as possible and the distortion at a
minimum, the load impedance should be maintained fairly constant at the recom-
mended value, If the tube is self-biased, the blasing resister should be by-
passed by a large condenser,

OPERATING CHARACTERISTICS

Filament Volts,..........6,3 6.3 Plate Resistance....84,000 102,000
Plate Volts,...........100, 135, Mutual Conductance.....950 975
LoD G - T———— - =18.9,. Elals MIILe, .vcosovvsveisl g
Screen Volts,..........100, 135, Output Milliwatts......200 525
Amplification Factor,..,80, 106. Load Impedance.......8,500 13,500
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THE TYPE 41 POWER OUTPUT PEINTODE
The type 41 tube is a power amplifier pentode, also of the indirectly heated

cathode type, designed for operation from a 6.3-volt power supply, A« Cs Or D, Ca,
with a filament current consumption of .4 ampere. It also was intended for automobile
radlo service, but can be used effectively in other types of receivers Just as well,
provided the plate supply does not exceed 180 volts, At this plate pressure and a
-l4-volt grid bias the tube will deliver an output of 1,500 milliwatts, For greater
output two tubes can be used in push-pull, If a single 4l tube is self-biased, the
resistor must bve shunted by a large bypass condenser to prevent any degenerative

coupling effects.

OPFRATING CHARACTERISTICS

Plate VOlt8 seeesccccccscsses 125 167.5 180 Max,
Screen VO0ltBesesocssssssssss 125 167.5 180 Max,
Grid VoltBessseessssessssces =1C -12.5 -13,5
Amplification Factor.sssesss 150 150 150
Plate Resistance@seeesecsssss 100,000 85,000 81,000
Mutual Conductancessssessees 1,525 1,300 1,850
Plate Currenteecssssssessccss 11 17 18.5
Screen Current.cecscccsccsss 2 3 3

load ResistancCescecscoscessss 11,000 9,500 9,200
Output (Milliwatts) .eecceces 650 125 1,500

THE TYPE 42 POWER OUTPUT PENTODE

The type 42 tube is also an indirectly heated cathode type power output pentode,
larger in size than the type 41 and designed for operatior on plate voltages up to
250 volts, It can be operated from a 6.3-volt A, Cs or D. Ces poWer supply, and has a
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maximum power output of 3 watts, which is greater then that of the 47 pentode, It
hss the additional advantages that the separate cathode makes the tube practically
hum free, makes complete self-blas operation possible, and eliminates the need of

a center tap on the filament winding, The tube 1s of rugged mechanical construction
and is an extremely efficlent power output tube, It is used in push-pull in the out-
put stage of a number of high-grade A.C. operated receivers that employ 6.3-volt

tubes in the remainder of the circuit gystem.

OPERATING CHARACTERISTICS

Pilament Wolts .cnvnsevesannonnansss Ba¥ Plate ReslStancCe sceecceccaccecse 15,000
Plloment ABPEING Speponssssssanssanns all Mutual ConductancCessesseencscess 2,200
Flate Wit seosasanseunnsnnsnanyasnn ol Amplification FactOressescaceeces 165
Bpid Wll0 sorsoooprescnssbpinsirsves BByl loed RecietBNCOesesssecerrrecees 9,000
Blate N sesonponosssntes stiss e — Dile utput (Batte) .ivetvcacoccansads 3

Screen VoltS,.eessasscscessssceccsee 250,

The 42 pentode has a six-pin base, and has the suppressor grid connected internally
to the catkode, Looking at the bottom of the base of the tube and proceseding in a
clockwise direction from the left heater pin, the pin connections are: Heater, plate,

ecreen grid, control gricé, cathode and heater,

THE TYPE 43 POWFR OUTPUT PENTODE

The No. 43 tupe is a 25-volt power output pentode of the indirectly heated cathode
type designed especlally for use in the output stage of D, C. line operated recelvers.
However, it is also used extensively in the universal A,C,-D.C. midget setsas an out-
put tube, At a plate pressure of 95 volts, it can supply 900 milliwatts output.
Resistance coupled input ie generally used with the tube., The heater current is .3

ampere, and therefore the tube can be operated in a series system with other 6.3-volt
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tubes having the ssme filament current,

The No, 43 pentede also has the sup-

pressor grid tied internslly to the ecathode and is equipped with a six-prong

base,

hand heater pln when one looks at the bottom of the base is:

The pin errangement in a clockwise direction beginning at the left

Heater, plate,

screen grid, control grid, cathode and heater,

OPERATING CHARACTERISTICS

Filament volts.!..l..l.!.l..'....25.
Filament AmperesS.....cccecccepesvcsal
Pl&te volts.tt50'00-00"0000000'0950

Serean) VOITEal, ) e e case s s sl et D Te

Grid VOltS......................-15.

Blaties MRS, S s vsvrscasesasesssssid
Plate Resistance...........¢...45,000
Mutual Conductance.............2,000
Amplification Factor........ce....90

Ioad ReslatanCei, s . ssie saleee va's s oy 00

Output 900 Milliwatts

THE TYPE 48 POWER OUTPUT TETRODE

The No. 48 tube is a 30-volt, O,,-ampere, heater type power tetrode de-
signed for use in the output stage of D,C. llne operated recelvers, The max-
imum plate operatlng voltage is 125 velts, The proper grld bias is 22,5
volts, and the plate current drain is 50 milllamperes, Under these operating
conditlons the available power output 1s 2,5 watts, The tube employs a six-
pin base, with the same pin arrangement as with the type 43 tube deseribed in

the previous section,

OPERATING CHARACTERISTICS

Filament Volts.. Sereen NoltS: doe cuadarsis et thnessnId

c...‘..'...'...'BO.

Bl ament: AMPeras, .« olis o e e o oe s uo e oels Plate Resistance,.............,10,000

LA IR o))l i T S St e e s P A TP o 57 Mutugl Conductance,..cceeeeesssse2,300

Grid VOltS. ...... .........--...-20. Alnplification Factor...............zs

P TS, « oo s s sassuceyvadessnitln lead Resistance,..ecieeeeeessaa2,000

Output 1,600 Milliwatts
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THE TYPE 18 POWER OUTPUT PENTODE

The No., 18 tube is also a cathode type power output pentode withg heater rating
of .3 ampere at 1lU volts, Its operating characteristics are otLerwise similar to
those of the type 42 pentode described above, The type 18 tube can be used in an
O.3-ampere series filament system, and is specially applicable in universal A.C.-D.C.
receivers, For operating values, see the table given on Page 9 for the type L2 pentode.

Both tubes also have six-pin bases with the same pin arrangements,

THE 2A5 POWER OUTPUT PENTODE

The 2A5 tube is a power amplifier pentode of the heater-cathode type for use in
the output stage of A, C, operated receivers, It is capaole of giving a large power
output (3 watts) with a relatively small input-sigznal voltage. In a push-pull system
the available output would be 6 watts, The tube has a six-prong base that fits into
the standard six-pin socket., The pin arrangement in a clockwise direction beginning
at the left hand heater pin when one looks at the bottom of the base is: Heater,
plate, screen grid, control grid, cathode and heater,

If a single 2A5 is uged and is self-blased, a 400-chm resietor must be used, if
the applied plate pressure is 250 volts, This resistor must be shunted by a large
by-pass condenger in order to prevent any degenerative coupling effects. If two
2A5 tubes are used in push-pull, a 200-ohm bias resistor is needed, but as was ex-
plained previously, the large by-pass condenser is not required here, Either resistance
or transformer input coupling can be employed with the 245 pentode, and of course,
an output transformer with the proper primary impedance must be used, and thie plate

impedance should be held as uniform as possibls over the entire audio-frequency range.
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QPERATING CHARACTERISTICS

Filament Volt8,cecccscccocsccccecse
Filament AP ereS.cccccecescccscoces
e R R
sorees YollSy . vy «svoosusmmnaugyens e
(il WeltEyessscsssvnssnnransnnusan

Plate }Iills......'..."....'..'....

2.5
1.75
250,
250,
=16.5
3o

Screen MillS.cccececececsovocscs
Plate Resistance,..ccsocceeeces
Amplification Factoreceesccces
Mutual Conductance..cceececese
Ioad Resistance..eeccccsscccee

mtput (watts)..oooooooooooooo

EXAMINATION QUESTIONS ON FOLLOWING PAGE

6e5
7800,
220,
2500,
7000,

3.1
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