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VOLTAGE AllD 'POWER AMPLIFilCR TUBES 

A signal in pa1aing through the su.ccesaive etages of a radio receiver 11  ampli 

fied in two��, - first, ita intensit7 or voltage is  built up so that it can more 

actively energise each atage; second, it is imbued with additional power so that it  

can r_elease greater volume of sound energy from the loud speaker or reproducer system. 

Accordin&l.y two t7Pes of amplifier tubes have been developed, voltage amplifier, 

and power amplifiers. Voltage amplifiers are used in the radio frequency and inter 

mediate frequenc7 1tage1 and the first audio stage of a radio receiver and have a 

nigh voltage gain. Typical voltage amplifier tubes used in these stages are the 35, 

57 ,  58,  6c6, 6D6, 77, 78, 6J7, 6:trr and 615. Power amplifier tubes are used OnQ' in 

the last audio or output stage where the signal hae been built up to sufficient in 

tenaitJ to releaae large volumee of power in the plate circuit for operat1n8 the loud 

speaker or reproducer 171tem. The voltage gain in these tubes, however, is  relativel.7 

low. 'l'TJ>ical power amplifier tubes 111 conmon use are the 41, 42, 45,  47, 2A3, 2A5, 59, 

6�3. 616 a.nd 6x6G. The characteristics and applications of these various amplifi�r 

tubes are all taken up in detail in the following leeeon. 

Tubes are also claeaified aa to their operating points on their respective 

characteristic curves. The operating pointa are accom.pliehed through biasing resistors. 

The clas1es of operation are Cla1s •••, Claaa 1B1 and Claaa "AB' amplifier• which are 

used in radio receivere. ClaH "C" amplifier is uaed too, but only in a transmitting 

l'lystem� In a Class 'A' amplU'ier the design of the tube iB such or the grid biae is 

of such a value that the normal operating point 1a near the center of the ,traight 

p�rtion o! the characteri1tic curve, aa at 1A" in 71g. l ,  and plate current flow1 for 

the full 360 degree• of each input c7cle. A• ·long as no eignal voltage reache1 the 

g;id·,�� stea� plate current flows; but a pulsating aignnl Toltage impre&1ed on t:ne grid 

causes �e:mctl.7 similar fluctuations in plate current flow. As the grid potential swings 
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current al10 tluct1Jate1 from a maximum to minimum value and baclc; tm.t 11, tor 

every value of grid potential there ie a T a l e  ot plate current !low. In other word,, 

plate current f'low, tor the tull 360 degreee ot the input c7cle • 
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When a tube ie operated aa an amplifier, uae 11 �de ot the fact that becauae 

the grid 11  closer to the cathode a small change in grid voltage cau,ea a 1111Ch 

larger change in plate current flow t would be produced by the aame amount of 

change in plate voltage. Into the plate circuit of the tube some tom ot load 1m- 

pedance 11 connected (either a reaistor, a choke coil, or the prima17 of a suitable 

coupling traneformer), and the current pulaationa in flowing through thia load 

impedance build up across it a eorreepondi� variable voltage drop. Thi I voltage ii 

dmilar in every detail to the dgnal voltage initially impreued on the grid but ot 

greater intenait;y. In other words, the signal voltage baa been amplified and h 

ready for turther ampl1t1cat1on in the next tube or to be converted into eound in a 

loud speaker or headphones. 

In a Claea 8B1 amplifier the tube design ia such or the grid biaa ia of auch a 

value tbat the normal operating point falls near the cut-off region on the curve, aa 
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at "11 1D ·111. 1. .1• long •• Do eipal Tol tac• 11 impreHed OD the end. 1D tbie caa•, 

the plate currcit 1• sero or nearl.7 eo. However, ae eoon a, signal Toltace does 

reach the grid, during ea.ch positive half' of' the grid aving the plate current 1noreaee1 

to a maxinalm and return• to sero, but durinc the negative halt no effect 1• produced 

in the plate circuit. In other words, plate current flows duriDg only half' or 180 

degrees of ea.ch input cycle. 

It  appears off' hand that due to the bend in th<a curve the plate current fluct11- 

ations cannot correspond exactly to the griq. voltage variations, and that dietorti@D 

will conaequentl7 occur. 'l'hie would be true if' a single tube were used in such a 

system. bUt in practice two tubes are alwqs used in a push-pull arrangement, and the 

distortion factor in the two tubes balancee out or is neutralised. The adva.ntage
0 

however, of using such a Claas "B' amplifier 18 that higher operating efficiency 11  

obtained in that plate current flows only bile a signal is actuall.7 being received, 

and then the strength of current flow is proportional to the grid awing. In other 

words, plate circuit energ is consumed only when signals are being received, and the 

amount conl1Jm8d 1 directl7 proportional to the etr�ngth of the eignal. 

In a Class "..i.:B" amplifier or Clase "AA Prime aa it is often called, the operating 

conditions are about midwlo' between the Clase .1A" and the Claae "B' amplifier. ClaH 

•.1• amplifier tubae are uaed and overbiased somewhat so that their operatin& pctnt 

slides pretli7 low down on the curve. Daring the periods when no eignale are received 

t.he plate current ia thus verr much leBB than with a Ola.BB •.1n amplifier. Aleo, when 

signala are received, the grid swing for a portion of the cycle drops below the cut 

off point and the plate current 18 reduced to sero., This means that in a Claae •.A:&11 

amplifier plate current does not flow the tull 360 degrees of the input c7cle but for 

more than 180 degreee. The Clase ".A.B1 or •.11 Prime amplifier tbu.e partakes of the 

nature of ooth the Cla1e "A" and the Clase•»•  amplifiers. 1'he e7stem ie ueed ver.r 

extensively in modern radio reoe1Tere. 
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THI IMPORTANCE o:r PRO�ER GRID B:M.S 

.Another important point to obeerve in connection with tne plate current character 

istic illustrated in Fig. l is th11: It  is  J¥>t the actual value of plate current 

flowing that determines the degree of amplification available from a tube out it 11 

the variation or change in current flow for each input cycle. 

To make this statement more clear - the current in the plate circuit of a tube 

consists of two component•, a stea� or constant flow as determined by the B-voltac• 

and resistance of the circuit (corresponding to line 0AD11 in :rig. 1 ) .  and euper 

imposed on this is a pulsating component created by the fluctuating signal voltage 

impressed on the grid (corresponding to the wave a-b-c-d-etc.). Further, a load im 

pedance of some form ie connected into the plate circuit, and the current in tlotring 

through this load impedance creates a voltage drop acro1& it. This voltage inherentl.Y 

also conaists of two components, one is a constant drop caused by the normal current 

flow and the other ia a pulsating potential caused by the current fluctuo.t1on1. The 

constant potential is of no uae:tul purpoae; it merel.Y dissipates part of the plate 

s�ppl7 voltage, and the lower it can be kept, the greater will be the operating 

efficiency. 

However., the pulsa'liing potential built up acrose the load resistor ie important, 

and the greater this can be made, the more amplification is secured from the tube. 

Thia involves two important considerations; ·the first is to maintain th� atea� plate 

current component at a low value so libat as much as po11ible of the B-euppl7 volta.ge 

is available for circuit operation, and the second is to make the grid very aensitive 

so that it has maximum influence on the electron movement. Both of these feature•, 

of course, are a matter of tube design and therefore a proolem of the deelgn engineer. 

Keeping the etea� plate current down, however, is to a great extent aleo a 

matter of operating the grid at the proper bias. The object is alWlq's to bring the 

normal operatiDg point as low down on the curve ae possible without drifting into the 
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lower bend. J'or eUDiple, in fig. l with the operati!lg point at ".1" (corresponding to � 

.zero grid potential) the steady value ot plate current is represented by ".A.D" and bas 

a value of 15 milliampere,. The current fluctuations due to the signal voltage on the 

grid var.r about 3 milliampere, above and ·below this value. In other words, the total 

current fluctuation is 6 milliamperes. 

If the operating point were shifted to 11011 on the curve, corresponding to a 

negative grid bias of 1.4 volts, the atee.dy plate currant flow would be represented by 

11GH11 with a value of only 6 milliamperes and.irith the same signal volt84;e on the gdd 

the plate current could atill fluctuate 3 milliamperes up and down without getting 

into the lower bend of the curve. Therefore, it certainly would be more economical to 

operate at point ao• than point "A", for there would be a saving of 9 milliamperes 

stea� current flow without affecting the signal amplification. 

However, there is one precaution that must be taken at thie point, for it the 

signal voltages reachiDg the grid are strong enough to swing operation into the bend 

of the curve, the plate current fluctuations will not be uniform and 111U1I1etrical0 and 

ei�1lal diatortion vill result. This means that the strength of aiinal voltage that 

can be applied to the grid. is 11m1 ted by the opera.tiDg bias. In the operating data 

supplied by tube manufacturers for their different tubes, the indicated grid bias ie 

gener,.lly of BUCh a value that the nonnal operatiDg point 1• located near the middle 

of the etraight portion of the curve. The mu:imwn signal that can then i>e applied to 

the grid without overloading the tube ie limited to the bias voltage. 

SPECIAL PURPOSE MULTI-Fl.»dENT TUBE� 

A number of special purpose tubes have been developed to meet the requirements of 

particular circuit applications • .Among these 11 the t7Pe 46, which is a double grid 

filament type power amplifier tube. tl:Bt can be used in either a Clase "A" or Clase "B" 

amplifier system. E9.ch grid ie brought out to a separate terminal base pin. 

Page 5 



... 

r: 

For Cla11 "B1 1el'Tice the two grid, are connected together at the 1ocket, and. under 

th••• condition• the tube ba1 a,Ter,y hich araplification and require• no crt4 bia1. 

ror ClaH '.A." een1.ce the outer grid 11 connected to the plate and the tube tunction 

aa a triode and with far lea, output. '1'he circuit application, of thia tube are 

taken up in a subaequent leaaon. 

The tne 49 1a a eimilar double grid power ampll:fter tube but dedgned for 

batteey operated receiTer1 in which plate current econOIJG' ii o! vital iq,ortance. 

The tube can be operated a, a Claaa "B" amplifier b7 cormecting the two grida to 

gether at th• aocket. and two '"10h tu.be, in a push-pull system have a power ontput 

of 3 .5  wattl. The tube can al10 'be operated aa a OlaH 11.A.11 amplifier bf connecttnc 

the outer crid to the plate, but the output per tube 11 only 170 milliwatta. further 

data on thie tube and it, circuit application� are aleo given in a later le11on on 

Claea 11B1 �lifier 91'1teme • 

.Another special purpoee tube ia the No. 59 which 18 often called a univereal out 

put tube becau1e it can be ueed a, a Olaaa '.A.', Olaaa "B"• or pentode aJll)lifie� • .  

The Bo. 89 tube is ita equivalent in the 6.3-volt filament aeriea. It 11 a 5-element 

tube containing a filament. cathode. three grid• and a plate, all of which are brought 

out to aepa� te baH pina and the tub·e requires a 7-pin base. 

The mode of connecting these gri�1 in�o the circuit determines the opere.ting 

qualities of the tube. If the tu.be ia io be ueed ae a Clae1 1.A.1 power amplifier, 

grids No. 2 and 3 are connected together to. the plate, the three elementa thu1 acting 

as a single electrode. Then with an applied plate preuure of 250 vol ta and a con 

trol grid oias of -28 volts. an a1Ipl1fication factor of approximately 6 will be had, 

and a power output of 1.25 watts at a rna.ximwn grid swing of 28 volte. Thie compares 

with 1 .6  wa�ta for the 145 tube at a grid awing of 50 volt, and an amplification 

factor of 3 . 5 .  
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It the tube 11 to be operated a, a pentode, No. l grid ia u•ed a• the control 

grid, Jro. 2 a, a ecreen grid, and No. 3 is externally- connected '° the cathode a1 a 

suppressor grid. With a plate preesure of 250 volte and a control grid btae of 

-18 volte, the amplification factor 1e approximatel1' 110 and the power Olltpnt 6 watt,. 

Thi• compares with 2.5 watte for the 147 pentode at a grid awing ot 16.5 volte. When 

the tuoe is used as a Olaes ":a• power amplifier in a puah-pull stage, the lTo. l and 

No. 2 grids are connected together and serve aa the control grid, while Ho. 3 grid 

is connected to the plate. Then at a plate pressure of 400 volt• and 1ero grid t>1ae 

an output of 20 watts ie obtained for a pair of the tubes. 

DOUBLE TRIODE CUSS ":B" AMPLIFIERS 

Another group of special purpose tubes includes a eeriee of double triode•, which, 

as the name-8\l8geate, consist of two triodes (with a comnon cathode) b'Qilt into a 

compos1 te structure and housed in a single bu.rt,. The type 6£.6 tube 1• one ot th11 

group, and ita equivalent ln the 2.5-volt filament seriea 11 the t7Pe 53. The•• tu'bea 

are used primaril7 as Olaee "!" amplifiers in A.C. operated receiver,. '1'7P1C&l 

applications in commercial receivers are given in a later leeaon. 'l'he equi'falent tuoe 

in the all-metal group is the 6N7, and in the octal base gla81 ,eerie• the 6Jr7G. 

These tubea can also be ueed aa caacade amplifiers in a redatance coupled audio 

amplifier, in which caee each 1ect1on of the tube operate• a• a •epe.rate tr1o4-, a• 

though two individual tubes •eN u•ed• -..Ch triode ha• a high amplification factor, 

so tbat an overall voltage gain of abou.t 700 is obtained in such a caecade arrangement • 

.l 3-volt grid ·biaa 1e Ncommended and 250,000-obm plate reai1tor1 for a 250-volt B-aupply. 

The tube1 can alao be ued in an audio 8Jl1Pl1fier aa a combination volt.ace ampli 

fier and phase 1n,verter - a system tor obtaining push-pull red•tanc• aoupllnc to a 

pair of power output Wbe1 that pronde• a gain which compare• well with a tran•former 

coupled triode combination. Such q1tem1 are now uaecl uteneiveq in modern receiver, 
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on account of the ea.ving in chae1i1 space that 11 effected, and the lower coet of the 

resistance coupling unite compared to the cost of a good pueh-pull input trane!onner. 

The type 79 tuoe and its octal base equivalent, the 6Y7G, are ei�ilar double 

iriode a.ll1Plif1er tuoes ibat can oe operated either as Class "B" amplifier, or in a 

cascade system. On account of the lower no-eigna.l plate current and the fact that 

they can be operated at 180 volts plate pressure, these tubes are better adapted to 

automooile radio receivers where this econoll\Y in current consumption ia an important 

factor, .U.eo, these two tubes are mounted in smaller size glees bulbs, and the7 

occupy less chassis space. The type 6Z7G is a similar tube but designed primari}T 

for use in batteey operated receivers. 

THE 6C8G DOu13LE TRIODE 

The type 6C8G is a new double-triode tube that is designed especiall7 as a voltage 

amplifier in a cascade system or as a voltage amplifier and phase inverter in a 

resistance coupled push-pull amplifier. The plate, grid and cathode o! each triode 

section are brought out to separate terminal base pins and the tube 11 veey flexible 

in its circuit applications. It 11 of the octal base glass type. Eesential}T it con- 

1ist1 of two triode• built into one gl�ss bulb. 

Tg 6F7 AND 6P7G PEN'l'ODI TRIODI 

The t7Pe 617 is another composite tube coneieUng of a triode and remote cut-oft 

pentode in a eingle glasa envelope. Its equivalent in the octal base glaaa eerie• ie 

the 6P7G. The triode and pentode 1ection1 are independent of each other except that 

thq have a comnon cathode, and the tube a are adaptable to a vari•tT ot circuit 

arrangements. 

Por example, the pentode section can be usea as a radio frequeDOl' amplifier and 

the triode as a grid bia• detector. Or in a auperbeterodyne rece1Ter the tube can 
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be operated as a combined first detector and oscillator, the triode section 

functioning as the oscillator and the pentode section as the mixer. 
i ! 

' - 

ADDITIONAL CHARACTERISTICS ON THE TYPE 59 TUBE 

The type 59 tube is a triple-grid power-amplifier or the heater-cathode type 

for use in the output stage of a-c operated receivers. The triple-grid con- 

struction of this tube, with external connections for each grid, makes 

possible its application as :  (a) A Class "A" power amplifier triode, (b) A 

Class "A" power-output pentode, and (c)  A Class "B" power output triode. The 

tube requires 2.5  volts either a-c or d-c for its heater supply at a current 

of 2 amperes. For the triode connection grids 2 and 3 are tied to the plate 

and grid 1 is the control grid. For the pentode connection, grid 3 is tied 

to grid 1 and grid 2 is the screen grid. This is for Class A operation. 

CLASS A PRIME POWER AMPLIFIER 

Triode Pentode 
Connection Connection 

Volta 
Volts 
Volta 
Ohms 
Milliamperes 
Milliamperes 

Ohms 
Micromhos 
Ohms 

Watts 

250 max. 
250 max. 
-18 

410 

35 

9 

40000 

2500 
6000 

3 

250 max. 

-28 
1080 

26 

6 

2300 
2600 
5000 

1.25 

Plate Voltage • . • . . • • • • • • • • • • • • • • • • • • • • .  
Screen Voltage ( Grid, No. 2) • • • • • • . • . • • • •  
Grid Voltage(Grid No. 1)  • • • • • • . • • • • • • • •  
Cathode Resistor • • • • • . . . • • • • • • • • • • • • • • •  
Plate Current • • • • • • • • • • • • • • • • • • • • • • • • • •  

Screen Current • . . • . • • • • . • . • • • • • • . • • • • • •  
Amplification Factor • • • • • • • • • . • • • • • • • • •  
Plate Resistance • • • . • • • • • • • • • • • • • • • • • • •  
Transconductance • . • • • • • • • • • • • • • • • • • • • • • •  
Load Resistance • • • • • • • • • • • • • • • • • • • • • • • •  
Power Output • • . • • • • • • • • • • • • • • • • • • • • • • • •  

Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate 

CLASS B POWER AMPLIFIER....; TRIODE CONNECTION 

Plate Voltage • • • • • • • • • • • • • • • • • • • • • • • • • •  JOO 
Grid V o l t a g e . . . . . . . . . . . . . . . . . . . . . . . . . . .  O  
Zero-Signal Plate C u r r e n t . . . . . . . . . . . . . .  �  
Effective Load Resistance(Plate-to-pl..ate)4600 
Power Output ( A p p r o x . ) . . . . . . . . . . . . . . . . .  15 

400 
0 

26 
6000 

20 

Volta 
Volts 
Milliamperes 
Ohms 

Watts 
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