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TRANSMITTER RF POWER AMPLIFIER MYSTERIES 

Earlier transmitters are always tuned the same. Peak the grid, dip 

the plate, adjust loading for correct output as indicated by plate 

current, power output, dissipation, and efficiency. 

Now it's different as each transmitter has a different method of 

tuning. Some dip the DC current, some dip the DC voltage, others peak 

the output power, or a few compute a predetermined power amplifier 

efficiency. 

The reason for these changes in tuning methods can be understood by 

studying the available categories of active devices that are , currently 

being used in transmitters. 

There are four general categories of active power devi~es used as 

final amplifiers for todays transmitters. They are groµped here in 

terms of the effects of the devices output voltage on their output 

current. 

The four devices are: 

Triodes 

Tetrodes with poorly regulated screen grid voltages 

Tetrodes with well regulated screen grid voltages 

Solid state devices (junction transistors, FET's, etc.) 

These four types can be broken into two headings: 

(1.) Devices in which the output voltage has much effect on 

output current. They are: 

(A.) The triode, due to its inherent nature. 

(B.) The tetrode, due to a poorly regulated screen 

grid voltage. 
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(2.) Devices in which the output voltage has minimum effect on 

output current. They are: 

(A.) The tetrode, due to a well regulated screen supply~ 

(B.) Solid state devices, due to their inherent nature. 

A block diagram of a typical RF power amplifier is shown in Figure 

1. As the output resonant circuit of the transmitter's PA is tuned, the 

RF voltage level of the resonant circuit reaches a maximum when the 

resonant frequency (FR) of the network equals the frequency of the 

active device's current pulses (the transmitters' resonant frequency or 

F0). See Figure 2. 

In Figure 3, the RF voltage is riding upon the DC supply voltage 

that is applied to the output port of the RF power amplifiers' active 

device. This combination is the voltage that appears at the output port 

of the active device, The DC voltage is fed to the active device from 

the DC power supply, and the RF voltage is the result of the output 

current pulses flowing through the resonant output network. 

Review of Class C 

To explain the effect of the plate voltage upon plate current in the 

various devices, a review of Class C is necessary. In Class C, plate 

current flows during the positive peak of the input cycle. This is the 

conduction angle, which is less than 180 degrees in Class C. In Figure 

4, the transfer curve for a triode or tetrode is shown. The DC bias is 

far below cutoff and the RF drive voltage drives the grid positive into 

grid conduction. 

pulses. 

Thus the plate current is in the form of narrow 
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Figure 5 shows the grid voltage, plate current, and plate voltage 

waveforms. The resonant output network converts the plate voltage 

variation into a sine wave of the same frequency as the grid input 

signal. 

Notice that instantaneous plate voltage is at its minimum when the 

plate current flows, and when the plate resonate circuit is tuned the 

amplitude of the RF plate voltage and thus the minimum instantaneous 

plate voltage value changes. See Figure 2 and 3. 

This low value of instantaneous plate voltage can have an effect on 

plate current since this is the only time plate current flows in Class C 

operation. This forms the bases for plate voltage effecting plate 

current. 

The Triode 

For a triode Class C amplifier, the plate voltage (E) 
p 

is 

constant, being set by the H.V. supply. See schematic Figure 6 and wave 

forms Figure 5. The DC plate current (I) 
p 

is the average of the 

The level of Class C pulses of Class C plate current ( I maximum) • 
p 

plate current pulses (I maximum) depends upon the grid drive, and the 
p 

instantaneous plate voltage 

plate current flows. 

(E minimum) 
p 

which is present when the 

If the plate resonate tuning is at optimum value, its resonate 

frequency (FR) equals the amplifiers drive frequency (F
0
), maximum 

RF plate voltage (e) 
p 

close to zero volts. 

will occur causing E 
p 

minimum to dip very 

This minimum instantaneous plate voltage that 

occurs when plate current flows reduces the level of I maximum and p 

thus the level of I. 
p 
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Analysis: 
The increased ep increases RF output power 

p =~ 
O 2Z 

p 

The reduced Ip decreases DC input power 

Plate efficiency is therefore increased 
p 

Eff = out 
P. 

l.Il 

and plate dissipation is reduced 

When the output resonate circuit is detuned e is reduced and thus 
p 

the plate voltage does not swing as close to zero volts. This higher 

value of E minimum causes 
p 

I. This results in: 
p 

A decrease in P out 

greater I maximum to 
p 

(1.) 

(2.) 

(3.) 

(4.) 

An increase in i, I, and P. 
p p l.n 

A decrease of efficiency 

An increase of dissipation 

flow increasing 

NOTE: i is the peak value of the equivalent RF plate current 
p 

why 

sine wave. 

The Triode Plate Family of Curves 

Figure 7, the plate family of curves for a triode, shows the reason 

E 
p 

effects I . 
p 

Notice the rising curves on the graph, they 

represent a fixed grid voltage. If the grid voltage is held constant 

and the plate voltage changes, a change of plate current occurs. 
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"' 

Example: 

In the 3CX2500F3, the grid is held constant. The table 

shows the variation of plate current as plate voltage is 

changed. 

If Eg = OV, then: 

Ip 0.5A when Ep = 1000V 

and Ip= 8.0A when Ep = 5000V 

If Eg = -SOV, then: 

Ip= 1A when Ep = 2KV 

and Ip= 6A when Ep = SKV 

From the above discussion, it should be obvious how the correct 

tuning of a triode RF power amplifier is indicated by a dip of DC plate 

current. 

The Tetrode 

If a tetrode is used as an RF amplifier, the block diagram is the 

same as Figure 1. The RF voltage versus current, and the combination of 

DC and RF voltage shown in Figures 2 and 3 are the same as for the 

triode. The transfer curve shown in Figure 4 and the waveforms on 

Figure 5 are also the same. 

Figure 8 shows a family of E I curves for a typical tetrode. p p 

Notice that the plate voltage has minimum effect on plate current if the 

grid voltage is held constant. 
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Example: 

Tube ••••• 4CX3000A 

Eg = -50V, then: 

Ip= 4A when Ep = lKV 

and Ip 6A when Ep = 7KV 

If the tetrode plate current is relatively independent of the plate 

voltage, a question arises as to how the proper tuning of a tetrode RF 

power amplifier can be indicated by a dip of plate current as it can in 

a triode. The key is the relationship of the instantaneous plate 

voltage to positive screen grid current, and the relationship of the 

positive DC screen current to the value of the DC screen grid voltage. 

Screen Current 

The screen grid is normally operated positive and is physically 

located in the shadow of the control grid to minimize positive Isq. See 

Figure 9. Each electron emitted from the cathode is repelled by the 

negative charge on the control grid, attracted by the positive charge on 

the screen grid, and once it passes the control grid by it is attracted 

to the higher positive plate voltage. See Section A of Figure 9. When 

the plate voltage swings close to the value of the DC screen grid 

voltage (Esg) the electrons that pass the control grid experience a 

stronger attraction for the screen grid since it is physically closer. 

This causes an increase of positive screen grid current since this grid 

now intercepts more electrons. The lower the plate voltage swing the 

greater will be the positive screen grid current, and if the plate 

swings very far below the value of Esg there is a danger that an 

excessively large screen current will overdissipate the screen grid. 

Power screen grid= Esg x Isg 

where Isg = Positive DC screen current 
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., 

The screen grid can emit electrons (negative screen current) when 

the plate voltage is at its maximum positive excursion, but this is 

usually a smaller current flow than the positive screen current 

mentioned above. The DC screen current (Isg) is an average between the 

positive and negative screen grid currents. 

NOTE: The screen and control grids can emit electrons because of 

their high temperature, being physically close to the white 

hot cathode. 

Relationship Between Screen Voltage and Plate Current 

Figure 10 shows a set of tetrode transfer curves that change their 

horizontal position due to a change in screen voltage. As the screen 

voltage increases the space charge around the cathode decreases, 

increasing the amplification factor of the tube. The transfer curve 

shifts to the left changing the relationship of the control grid voltage 

(DC and RF) to plate current. 

As the screen voltage is increased, the same bias voltage and RF 

drive level cause more plate current to flow. 

In Figure llA and llB, two plate families of curves are drawn for 

the same tube. The difference in the two sets of curves is caused by 

the change of screen grid voltage. The graphs also show the increased 

sensitivity, more plate current for the same control grid voltage, as 

the transfer curves of Figure 10. Notice that although the screen 

voltage causes the plate family of curves to change their position on 

the graph, a change of plate voltage still has minimum effect on plate 

current when the control grid voltage is held constant. 
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Summary of the Tetrode 

Plate voltage has minimum effect on plate current. Plate current is 

controlled by the value of DC screen grid voltage, DC control grid bias 

voltage, and the level of RF drive voltage presented to the grid or 

cathode. 

Tetrode RF Amplifier with a Poorly Regulated Screen Grid 

Figure 12 is a schematic of a tetrode RF amplifier. The resistor 

Rsg shown between the screen grid and its supply causes the screen grid 

voltage to be poorly regulated, thus it changes when Isg changes. 

From our earlier discussion, it was noted that the level of plate 

voltage swing (E minimum) changed as the output resonant circuit was 
p 

tuned, and that as E minimum approached the level of Esg, 
p positive 

screen grid current (Isg) flowed. 

As the output network is tuned closer to F 
0

, the EP minimum dips 

lower, and the positive Isg increases. The increase of Isg causes a 

larger voltage drop across Rsg reducing Esg. As Esg is reduced, the 

amplitude of I maximum and I are reduced, p p thus 

tuning is indicated by minimum 

regulated Esg. 

I 
p 

which is caused 

correct plate 

by the poorly 

The resistance Rsg prevents screen grid overdissipation by limiting 

input power to it. 

Since loading of this amplifier will effect e ' p which effects Isg, 

which effects Esg, which effects I maximum and I , 
p p 

there is one 

value of loading that will produce maximum output power. 
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Loading analysis: 

Loading too heavy lowers Zp which reduces ep, 

Lowering Pout 

e 2 
p = ......E_ 
out 2Z 

p 

Loading too light increases Zp and ep which ultimately 

causes a large reduction of Ip maximum and ip (the 
equivalent RF 

plate current) which lowers Pout 
,, ::, 

p 
out 

= 1f ie 
.2 

where ip = peak value of the equivalent RF plate 
current 

Tetrode RF Amplifier with a Well Regulated Screen Grid 
If the Rsg on Figure 12 is replaced with a piece of wire, the screen 

grid will be well regulated. The screen voltage will not change when 
the DC screen current varies, such as with tuning or loading. 

If tuning or loading causes Ep minimum to dip closer to Esg, Isg 
will increase and Esg will remain constant. A danger now exists that 
excessive Isg will cause overdissipation of the screen grid so that a 
screen current overload circuit must be added to protect the tube. 

Since Esg is constant, Ip does not change with tuning or loading 
so both are adjusted for maximum output power. 

Analysis: 
Constant Ep and Ip means fixed input power to the plate 
circuit. 'Thus proper tuning and loading will produce 
maximum efficiency and power output possible for the 
amplifier. 

Light loading 
positive Isg. 
that a screen 
light loading 
efficiency. 

Light Loading 
increases Zp and ep which increases 

If loading is too liglit, there is danger 
grid current overload trip might occur, but 

and maximum Isg usually provide better 
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Heavier Loading 

Heavier loading produces higher I , lower e , and lower p p 

Isg, but can reduce efficiency because the higher I will 
p 

increase input power while lower e will 
p 

reduce 

power. 

NOTE: The higher I is due to increased p 

grid drive required to make power and 

not directly due to loading changes. 

output 

When used as RF power amplifier, vacuum tubes have two disadvantages. 

(1.) Required heater power for the cathode. This power 

does not appear in the RF output, it adds t'o the 

cooling load of the transmitter and lowers the 

overall efficiency. 

(2.) The negative swing plate voltage must be kept above 

a minimum value so that the tube will continue to 

draw plate current and produce output power. This 

also wastes plate power and lowers efficiency. 

Introduction to Class D Tube Circuits 

Plate dissipation depends upon the value of plate voltage that is 

across the tube when plate current flows. 

P = E I diss pk p 

where: Epk = plate to cathode voltage 

and I =plate current. p 

Figure 13 shows the E and I waveforms for tube type Class A, p p 

B, C, and D operation. The shaded area under the plate waveform, which 

represents the duration of plate current flow, is proportional to plate 

dissipation. 

10 
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.. 

Observation confirms the known fact that Class A is the least 

efficient and Class Dis the most efficient of the four classes. 

Class D 

The form of Class D referred to here is used in vacuum tube 

amplifiers, triode or tetrode, and is sometimes referred to as Class F 

or the Tyler high efficiency amplifier. 

This amplifier, as shown in Figure 14, features a third harmonic 

resonator in the plate and cathode circuit. Some amplifiers have the 

third harmonic resonator in the grid circuit instead of the cathode but 

the same results are achieved. 

The third harmonic resonator in the input and output circuits add a 

third harmonic component to the fundamental RF voltage, this is the 

first approximation of a square wave. In Figure 15 there are graphs of 

the various waveforms of Figure 14. The DC plate voltage is 5000 volts, 

the amplitude of the fundamental RF voltage component is 5300 volts, and 

the third harmonic component is 1060 volts. When the fundamental and 

third harmonic waveforms are added, the resultant waveform has a maximum 

value of 4590 volts at the peak and 4240 volts at the dip. When added 

to the DC plate voltage of 5000 volts, the minimum plate swing is 410 

volts with 760 volts at the center. With a conduction angle of 120° 

and an I maximum value of 9.1 amps, the DC plate current is 2 amps 
p 

and the equivalent sinewave RF plate current ( i ) has a peak value of 
p 

3.6 amps. 
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The analysis of this amplifier is: 

Ep = 5KV 

ip = 3.6A 

e i 
p = _E____E_ 
out 2 

Efficiency 

Ip maximum= 9.lA 

5300V ~ 3.6A = g,S4KW 

p 
out =--x 

P. in 
100 9.54KW l00 = 

l0KW X 
95.4% 

Pd. = P. P = l0KW - 9.54KW = 460W 
iss in out 

The reason Class D has a high efficiency is that when the plate 

current is flowing the plate voltage is an approximation of a square 

wave. It is caused by the addition of a third harmonic component to the 

fundamental RF plate voltage sine wave. The lower plate dissipation 

occurs because the plate voltage waveform swings closer to zero volts 

when plate current flows. 

The addition of the third harmonic sine wave to the fundamental 

plate voltage sine wave also serves to increase output power. Notice in 

Figure 15 that this composite RF and DC plate waveform never drives the 

plate voltage to zero volts, but always allows enough positive plate 

voltage to keep the tube in conduction. If the plate voltage is dropped 

to zero volts or below, such as if e exceeded E as shown in Figure p p 

16, the tube would draw no plate current, but in Class D this is exactly 

what happens. The extreme dip of plate voltage below zero volts is 

disguised by the addition of the third harmonic component. 

12 
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.• 

At test point A in Figure 14, the third harmonic component is 

removed by the third harmonic resonator revealing the fundamental 

component of the plate voltage and plate current. 

The third harmonic resonator in the input circuit changes the 

grid-cathode RF waveform to an approximation of a square wave so that 

the plate current has a component of third harmonic current of the 

proper amplitude. The third harmonic resonator in the cathode and plate 

have high impedances at that frequency. 

The following is a table of measured impedances from a SKW RF Class 

D RF power amplifier. 

z = pfo 

zp3fO = 

zk3fo = 

3100 ohms 

28K ohms 

2600 ohms 

Where: fo = fundamental frequency 

3fo = third harmonic 

Zk = cathode impedance 

Due to the high third harmonic impedances in the plate and cathode 

circuit, only a small percentage of third harmonic current exists in the 

plate current waveform. The plate current waveform can be treated as a 

pure Class C current waveform and the third harmonic component ignored. 

It will not cause significant errors in the appearance of the waveform 

or calculations involving it. 

The large voltage and small current components of the third harmonic 

in the plate and cathode circuit can be understood if ohms law is 

applied to the impedances given above. 
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epfo = 

ep3fo 

5872 volts and Zpfo = 3100 ohms 

e . 5872V Yielding: i = pfo = 
pfo z 3100 ohms 

= 

pfo 

ipfo = 1. 9 amps 

1200V 

i 
p3fo 

ip3fo 

ek3fo 

ek3fo 

and 2p3fo = 28K ohms 

= · ep3fo. = 
z p3fo 

= 42.9 ma 

= ip3fo X 

1200V 
28K ohms 

2k3fo 

= 42.9 ma X 2600 

= 111 volts 

ohm 

Summary of Tube Type Class D 

Class D efficiency is high because plate voltage is low when plate 

current flows, and this holds plate dissipation to a minimum. Good 

output is obtained because of the large component of fundamental 

frequency RF plate voltage. The Harris MW-5, MW-10, and MW-50, as well 

as the VP-100, use these high efficiency circuitry. 
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______ SO.LID STATE /JEVIC6S SUCH AS _JVNCT/ON _ T~ANSISTORS _OR. TH£ VAIUOVS _____ _ 

TYPc-S OF r£Ts _ HAV6 SEVEML, rJ~OPcRTIGS _ _THAT _ L.cN.O TI-/EMSGL.Vli'S 

____ _________ _ eAVORAB.t..Y TO _ HIGH __ EFFICIENCY -- --~.lASS __ ]) ___ 1./sE • _____ FoR. __ THIS __ L)ISGUSS/0/\I __ 

7HRGG _ t°ROP!:RTIE.S _A/?6 _ OP _t=!ARTICV~R. _ ______f/llT!iRliS7:. __ /HEY. __ ARG.• _ ____ _ 

- - - __ (/.) OurPV7 _/)_.C. __ Yoi.TAGE ___ /{AS hJJNIHVrn __ G/=PEC7_ ON nit! ourFtK_-_. --

_,___ ____ D.C,_ C41RR.ENT: 

___ Cot.LeCTO~ VOL.TAG/: AND __ CV/U?GN7 ( Vc_ _AND _Ic. ) __w1rH_ 

. :TUNCTION 7RANSiSTOR. J lJRAIN . VOL.TA~G .- AND __ CURR£lvT _ ___ _ 

_ ______ (VD AND _ .ID ) __ w,rH _ r1.:.1.D _EPPGcr _____ 71<.ANs1srOP.s. _ .:_ ____ _ 

-- ------ ------ -H1 ___ (2.> __ Low _ couEcroR. __ OP. _l)RA1N ___ REs1srA1vce . ______ ____ _ 

A GRAPH OF THI: CO/..LECTOR. __ FAMILY OF ___ CVR.VEiS _ FOP. A TYPIC✓U- _ 

J'UNCrJON TRANSISTOR. ,~ SHOWN IN /-✓GORe 17. .. _Al3oYG SATURATION _ 
I 
i A CHANGE OP __ _ COU.GCTOR. VOL.TAGS __ I-IAS _ l'tlN/l'ftJH . EFt=Ge.r ___ ON _ _7,t/6 

I i 'COU.ECT CVRREiNT- °7H1s Ai.LOWS A .STEADY VAt..l/£ _OF _ COI-I..EC70R- .. 
i 

C'VRR&Nr TO Fl.ow DowN ro SATVRRTION. ___ A til<APH OF _TH£ 

l>RAIN VOLTAGli AND CURRSNT FAMILY OF CURVES FOR THE' 

IR.F 3S0 /1-10S F£T POWER TRANSISTOR/ .SHOWN IN FIGUR5 _ 18> 

SHOWS T/-1£ SAH£ JNDcPENDANCc OF .DRAIN CU/<RBlvT FROM DRA ✓N 

VOLTA6€ AS Tl-I€ :TVNCT/01\/ TRANSISTOR.. 

li!E LOW OUTPVT RESl~TANCE. or- Tl-II: Sot.//) .STATE i)£VIC£.S 

!REQUIRE: THAT Rli~ATIVElY /..ow IMPEDANCES BE l/Sc/) FOR. THE 
I 

: ;R.F. cmcu,rs) AND TI-IAT /). C. SUPPJ..Y VOJ..TAGliS tJF A FEW 
' 

: )IVNDR£D VOJ..'TS 
! 
I 

OR L.Ess BE VSED, 

: i /S USUALLY ON THB tJR~ER.. tJF A FEW AMPS 

; l 
: I 

t:JR. 0/:CAIN CURRENT 

) 
R.ARGI..Y 
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_ 'TWENTY. AMPS PER. 7"R-ANSISTOR.. ___ 7itl:i .lOW _1?£S/STANCl:i OF T/16SE ___ __ _ 

_____ _ _ ____ _ ____ DEV/cES __ _ MAXES __ OPERATION .AT 1-0W __ _ VO/..TAGS ___ /?OSS/131.E. _ 

SATURATION IS ON THE ()RDER. OF 0./ VOLT 70 l~O VOL.T !=OR A .7UNCTION 

_ POWER TRANSISTOR. AND t.lSVA/..1..Y __ L.ESS T/IAN _i!__VoL7S ___ E_<JR,. _A __ _powER.. _ 

r£T. __ ¼E _/:ET CVRV£S IN _ HGO/U: 18 _ .SHOW.S ---~ At--tps Fi.OW/NG- _ ________ _ 

WITH A. __ CoJ.l.eCTOR. ro l)R.AIN VOt.TA<SS __ /)ROP OF. __ __ 2 _Vot-rs. _ - · ---·--·--- · ---------

/H_G __ j .. l)W SATVRATI0/11 YOI..TAGE __ AND _ RESl$TANCE __ /I-IAJ<E 7/IESE DEVICES 

ADAPTA/31..E FOR sw,rcH/NG CIRCUITS. ------ -- --- - -------- ------ -·- ----- ---

__ WHEN _ A _TRANSISTOR. _ tJF FG7_ IS AT SATl.lRAT/0/tl ~ THe . t:JE. VICI: _____ _ 

l:S CAPA/3/..€ .. OP PAssiNG .SEVERAi.. AMPS ()F _ CUR.~SNT __ W/ rH A ------

NAU- VOi-TAG€ __ DROP. ___ Jt,1 ___ En;uaE __ __19) _ 7/-1£ _e.ou.ccroR _To cnurrE/2. 

IS SO THAT _ T/iG _ _TRANSISTO~ _ IS 

i)/SSJPATING- Al30VE 2 WATTS OF POWER. • _ _/HI.S _1.£AVES 99. S VOi-TS 

ACROSS THE .25" OHM I.OAD FtJR. A 1.tJAD POWER. Or 398 WATTS• 

Li1.0r11 J/00 WATTS INPVT .J _ Tf/E /)£VICE IS _ 99.S % l:FF/CleNT As A 

TRANSIST()R. IS RE VERSE B/AS£l) ~ T/.IE DEJ/IC6 _ DRoPs AL.L. /00 vo~~ --

$££ hGllf<.e 20> 13ur l)1ss1Pl:}T!iS No Pow£R.. _S1Nct: THE co1<1UiAIT 

Is ZERO, 

\ A souo srArE DEv,cs 1s AN ExceL.L.cNT sw1TcH VNl>tiR 
I 

:ST€ADY STA.TE CONl)/TIOAI, Bur /T WIL.l. DISSIPATE PG1WEI<.. DL/1</NCr 

[s«JJTCHING- 1"P.ANSIENTS , WHEAi ✓T HAS 130TH A S/C/18U COP.RE/VT 

1
FI..OW ANl> VOLTAGE DROP. 

: I IN Fi6uRc 21. ou1<1NG THI: sw,rcH1NG- 71-1£ 

1: 
• ;TRANSISTOR Tl-IE FOLLOWING- PAi<AHETER.s OCCUR.. AT MID 

: ;~F rl-16 SWITCHING ACTION: 
' • I 

I 
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= So VcL.TS J. - I - --- --- -----· c- - . AmP 

v,: -- -- ---- --·-··- . . - ---- -- ··-··- -·· cc - 100 Vat.TS . _. 

·---···· . . ----·-- ·-·--- VR.L : ___ so VoLTS -·--·- ··-----le . ~ _ _(_~f?'Jf' --- --------

·- __ p/<.L ::- Jl,~L Jt Ic. _: _ S"O VOL.TS .x / AmP _ : ___ S°Q WATTS 

- -- . . DuRINCr THE .SWITCH/NG TINE _ THc EFFIC/.:NC'Y ,_OF .THE ___ C/R.CVIT ___ . ---- -

DROPS _ TO ___ A __ j1/NIHUH __ oF ____ so%. ·--- -----· -···--·-··--·------ -- ------- ---

£Fl=ICl£NCY = f'ovr 
- X/00 :t 

. P1N 
SO VOLTS ~ /OO : . -SO /4 
/()O 1/0L.TS 

A commoN TYPE oF .SWITCI-I /S .PRODl/CeD 13Y DR.IV/NG- A 

TRANSISTOR I Ola. FET WITH A S/Ne WAV'c · - . __ JP TH.!: A H,Ok/FI~~ ., 

IS ONt.Y SLIGHTLY OVEADRIVcN . /3Y 7:HE SINE WAVE.> As_ /1\/ H6U/.Ui 

2,/, THE .SWITCI-I/NG- TR.ANS/ENT T/Me W/i,I. BG L,t:JNG- AI\J.O Tl-le 

AVER.AG/: r'oWEI?. /)/SSIP/-tTION WIL.t. /3E Hl6H• 

_Ip HIGH SWITCHIN6- ~AT€5 AIU: €NCO()NTeR.6D, SVCH AS 

WITH C!t.ASS ]) R.F. AmPJ./Flli"R.s.) TR.ANS/ENT . Tll'fL: PoWE/<.. 

l>tSS/PATltJAI W/Lt. 13 E CtJHG A sv/3sTANr//U.... PCJRT/tJN OF TH€ 

TtJTAl- A~Pt-lFIEl'l.. POWER.. - ,{)/SSt /0/,; TIO/\/'. /His p!(.of.3L.EM IS 

/vl/NtMIZl:D 1.3 Y kcePING- TNG TRANSIGN7 T/Me" As S/-10/<.T A.s 

; /'OSS//3L~ ]7fVS THE Hl6H Tl<ANS/€/t.17' Powe /2. IJISS/P/9 T/()N 
I 

; 

! ,occun.s ~(JR.. A SMAJ./. PORT/()/\/ dF Tl-/6 '54)JTCHcl<..S Du TY C YCLc. 
'i 
, I KEiEPING- TH£ 

I 

: IA ccoMPt-lSlteD 
': 
i 

/N hGVRc 2Z ,ey G/2.cATL Y O Vcf<./)R/ V/N'G- TIie 

-17-
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SWITCHING- TR.ANSISTOR.S WlrH 

·- _r11E CLASS 7) /?.F. PowE~ tS'WITC/-1 

. F1aun1; 23 .SHaWS THE: SCHli'MArtc . AND WAVe.CORl'1S FOR.. . A (;~ss LJ 

_ PUSH Pvu. R. F. PowcR.. AML.IFIE/2. . /11e CONDUCTION AN<Si.,e. FOR. cACH ,- - -· --· - -·- -

" -- - _ I TRANs1sroR.. IS 180 AND THE /3AS/; OF EACH AMPi.lrlBR. IS - OVB/?.f)RIV&N -· . 

.. 
-- ----_J ::~c c~:~c.F.tvrr- _TI-/AT ___ THc __ T~ANS/.5TOR.S _AR£ _,41.,TcR.NATEt..Y - t)l<IVcN ____ _ ___ _ 

I ,-, ..,, v ro .sArt.JRATIOIV A$ .EAcH ONE CONDvcTs __ o~ _ __ ✓rs __________ · .. 

I _____ i I-IAU: CYC/.E- _ 
i 
! - . QI CONC>UCTS ON 71-11: PCS/TIiie HAI.F CYC~e 

I 
-- -1 AAID Q2. CONDUCTS MJR. THG NEGATIV6 HALF CYC~ti". . __ _ Wf.,tGAJ QI . _C0NOUcr~ --

1 .. I THE VO/..,TAGG AT Tl-ll: 

! 1/ i COI.LECTOR. OF Q2. IS VE/2.Y CL.OSI: TO Vee ,, /.31::ING- MW.G'n. /3 Y TNG 
I 

! 
t).S' VDL.T To /. 0 vo1.;r TRANSISTOR.. S"A7ZIRAT/ON VOLTAGG, 

CONl>ocr10/\I CHARGE:S Cc n;, CJNE-IIAt.F T/fc svPPJ..Y VOLTAG6 (VccJ. 

v¼t.!:N Cl2. caNoucrs , Cc .01sc1-1~12c;1; RGTVR.N1/I/<;. .SOME oF 1Ts 

STORGD cNE/2.G Y TO T/1/: CIRCUIT. 7lle coL.L.Ecro~ or Qz HAS A 

'ATU/<.ATION 1/0L.TAGB or- C). S- VOI..T TtJ /. 0 Vot.7 Wfi✓t..G THE 

RcMAtNl>ei<- 01= TIie Cc Vi:,t.TAGe APPt:AR.S AT Tije INPur tJF 

1 T/le RGsoNAA/r (11Rcua - TIIE .:ruNcTttJ/\1 OF L1 ANP Cc.. 
: I 
: ICAPAc iron. 4 11,qs A 1-AR.Gl:i EN0O6H VAL.Vt: so THAr 1rs 

' /) {. ( I~ •~-) · • CHARGc ✓..,_ y~ /<€MAINS CoNSTANr 0V£ /l TH& PER /OD 

I OP TIie R. F. CYCl.e. 

I 
I °7HG OVTPVT VOJ.TAGG AT TH£ JUNCTION 
I 

'' I 
: 11s .A SQUAR& WAiie WITH 1;s: 

Vcz .s-Ar. 

. ' 
' 
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IS A sea.JAR/: 

·-··- - - ----- - ··-- ----· · -- -· ·--- -·- - -·· -----

_ __ __ _ ____ SEE WAVl:FtJR.H _ A 

··- - ·· ·---·----· - ·- ·•· -- - ·· - ------

. IHPEDANCc . -· To Tl-le - _LOWc/l. . AH Pi., IF/1.:J?. _ourPur _ /l'-/f'£r.> AA/Ca . _______ ___ _ :_ 

__ .. __ _ . FovND Ar __ rl-lE _D.C-__ l31-ocKtNG ___ C'ouPJ..1NG- ... CAPAC1l"t:JA. _Cc. ________ --·-···--··- .. ___ _ 

IHE INPVT __ CoR✓<ENr . ro THli Rl:SONAAJT __ Cl1<et.HT ___ T/iR0Vc;H _Cc, _____ . _ _ 

. . ___ __ __ . IN GG<.JRG _23_~_ 1_s_ .A ___ S1Ne WAvc .... oJ:" ___ Pc:A1<. . _AHPL✓TUD& _ _ ,,,{,,p . r Sec ________ _ .:_ 

WAV£F~R..H £ OF HGUR.6 23# 

¼E V01,TA6c WAVEFOR.H ro TH6 /NPor OF TH& /?G.SOA./,,Q/1.J-r _ _ -··-· ···-

CJRClltT IS A SQtJ.41?.€ WA VG , _ CAVSBD SY Tl/€ 
> 

TRANSISTORS . 

SATURATION, /3or TNG SINE WAVE OF CLI/J/?GIUT ~s DUE Td 

n-1t= /MPt;DRNC.i . OP THe /?ESOtvANT CIRCU/7' ~ TH{; VOL.TA6li _ 

DROP ACROSS IT, A/t.ll> TH€ !=Ac7 THAT AT JATVRAT/ON Th'E 

COUEC!T6R. CUR.R.BN, CA /\I /31: Qu.1 TE HIC.H {;JUT IS l.(.SURU.. Y 

wwea. l)EPEAJl>/Nc;. UPON T/.1/S FoRnu,11;,9 

Vl.OAD 

2, /..OAD 

WHER.6: Z:-1.oAD == Tl-IE AHPt.l.CNiR.S OVTPUT · t.OAD l/11PEDAA1CE 

AND V LOA/) = trs VO~TAGG l)RoP 

S1111c1= THe -SIG.NAk co1UUiA1r 7:HIWtLG;/ Cc is A s1Ne WA ve 

,{,p .> GACH TRAAISISTC)/2...S COLl..ECTtJR. CVRREA/7 IS 

: :A 1-/AI.F CYCl.c OF CVRl<GA.17 tJF A //Al.Ve oF .Zc /t],Q;e/mU/n "'~'.P.., 
i 

: 'sGc r-,aoR.c 23 
, I 

lVAv1=.co12.m C AA.It> D, 
: I 

-/CJ-
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AVEl2AG§ __ OF 7H~ HA..1.t= C'ICI.~ S/NeWAve PoJ.S6S A/JI> ,s: 

..:!::e. Ic : 7r 

----- ---------------·····---·----·· · --- - ---- - - - ... · · ·--•---- ·-·- -----··-···----·- ---

___ _ 7i-lE _SQUAR.6 _WAVc .. Vot..TA66 AT Tl-IE ReSOA.IAA/7 CIR.C<.111' .. /,V,0(/T .,-------- --

___ 

1 

llNCTI0N _OF _ Cz A..v L, ___ I-IAS A _ .VALU!i OF." _________ _ 

I I . -·! --- --. -- -. -------- -- - V mRJC =. __ Vee - 2 llsAr ______ _ ___________ . ______ --- -·------ ------- --------'---

I 2 
-------+·· ---------··· -- --

i 
WHEtat:: Vm,qx .: PcA1<. VALllE 01= rt-lG .SQtJAR.E WAVG 

Vee = Tit€ l>.C ~uPPLY VoL.TAG.5" ____ _ 

AND 1r ,s Assume.D THAT _ VQ, SAT = Vq2.sAr = V.sAT· 

"lite R&SoAIAN7 CIRCUIT WILL. Au.ow ONt..>-' T/.IE FVNl)AfneA.lTAI-

CONPOAJEA./7 OF Tl-IE: SQ.OA/U: WAVG VOL.TAGc TO PASS., OFFER. ING- AN 

EiX.TREHe.J-'Y /1161-1 IMPEDAA.!Cl: Ta AL...t. OF as IIARHONICS. 

VALi.iii tJF Tl-le FVNl>AHcJ..ITAl- S!NEWAV£ . CONPOJ.ii;N, OF Tltc SQUARE WAl/4: 

VOLTA6G { ep) IS LARGER.. Tl-IA/I.I TH€ SQUARE WAVG VOLTAGE" (VHAx ). 

ep :: !fr· VmAx 

lite l?.F. tll/T/Jt.lT Powe/<. OP T/le Al'-/PL..IPIGR. .8ECOM£S: 

D c'p ,_i,P 
Tour =' 2. 

-UJ-

wigfi
Stolen 2 Line Transparent
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" I 

... . 

"'~ .f 4,, • 

Fou.oWINC::r EKAH/Jl.,e _ THl: ovr/Jur PowGR.J L:FFIC/5!:fC, 

' Powt:R OISSIPATION > ere. · ARc . CAt.G.£Jl..Ar5t:, .. F(:)/Z. Tl-tc AHPi.lPIE/'i: . 

AND WAV£PoR.M.s 6JVe'/v IN hGURG Z.3. --- ---··· . 

- --- _li-le l-ll6H _ eFl=/CleNCY THAT _/?GSVLT,AI . .JS /){le . Td, .. 

____________ . _ AHPu1=1GP.s _ ovrPV7 Yo~rAoe (e,o) ts t.ARG En. 

__ Vee : __ 2 S _ vo1..rs ___________________ ______ ____________________ _ 

P,N:: Ep Ip » 100 WATTS 

VMAx : Vee. -(2 VsAr) .: //.15 i/01.rs w1-11=Rs Vs·,1r: Vee Ar SATUR.ATION 

2 

ep = fr V m~,c :: j_'/. 9 6 VOLTS 

,lp = 71 1c. = 12. -S"l, AMPS 

'/3. f:j WATTS X 100 : 'J3, 9 /4 
IOO W~rrs • 

0 

PolSS = P,N - Pour .::1 100 wA rrs - '13. 9 WA rrs ~ - (p. I WA rrs 
I 

~p: ~ "' /'{.9{, VO/..TS = / . 19 OHl'1S 
--<-, 12.s·, AmPs 

Vee 
RDc = = :le 

:2.S VOLTS 

lf AmPs 
= /o. ZS OHt1S 
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-----··-- - - -

___ .Ir CAN /3E PROVED THAT .. THIS 

HAS AN IDEAL. EFFICIENCY 

er THE 

(/.) 

l=o1.1:,0W1NG /'1ATlleMAT/C/-U. 

Po - ee .i.e -- VT - - - 2. . 

- (2.) -l,. -p = 7r·Ic 

-- .. . (3.) -ep = 2Vcc 
~ 

('IJ Povr = 

-- ------ (7.) _ Pour = ___ P11,1 

STATE. P1.1Sf/ Pv1.,L C.l4ss 7.) 

SE:QUENCe • 

- ·- - - -··----·· ----- ·:+--- ·-

AmP1.,/Fl€RS /-/AV£ 

I 
!EFF/C/£/1/CIES (JF OVE/1.. 'loZ , /.3EIN& i.lH, rel) 13Y THI: 

_ (/.) 7i?.ANSl&NT T/HE NOT 13£/NG IN.STANTANGOUS. 

(2.) //-/1: SATURATION VO.£.TA6e OF THE ACT/1/5 £)EVICG'S. 

(3.) /111:: ..T/<. 1/0L.TAGe L>1<.0P t:JF THE CONl>OcTOR.S IN 7/tc CIRC0/7. 

(I/.) 0E VA/2./()(/$ C/1PAc1roa. AND /Nf>CICT<J/2 J.osscs ASSOC/ATeD 

WIT/-/ TIie OVTPvr Nt:TWOR.K. 

T1-11: Mos PE✓ AMPJ./F/€R SHOWN /N rlGun.c 2~ USES rwo 

CoHPJ..EMli/1/TARY PUSH Pou.. AmPL.IFIERS. 011 AN!:> Q 12.. FORM t:JI\Je 

CtJ/'JPJ..eH&N TA!l.Y PAIR. AND QI'-/ AN b Q 13 FORH TI--/E OTMen. PAIR., 

EACH IND/Vll>V~L.. COHPl-t;l'--/EAITAR.Y PVSH Plli.t. AHPLlrlG/<. PAIR 

W0/2/(S LO(G TH6 ONE ..TUST D€SCR1/3£D ~ PROi>VCING- A SQ UAl<.6 

. ,WAiie OUTPtn, /3UT THE TWO AHPt.lFtGR. SQUARi; INAVGS ARE' 

180" our or= PHASE, 

. I 
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!"i ·,·· .. 
-· __ __ Q/l . All.II> __ Q 13 CONDUCT ON ONG HALF CYCi.6 .. _()F THE :°'."IF ''7.t~:-_· ---··--· 

. AND ChL/ AND Q 12. _ CONDUCT ON THI; OT.HER HAt./!'. _____ AssumnvG.' -~ '::~ · ~\ ··;•----
1. . . ( . f, . ·• 
··~' " ~ .. ,.,, ,,. 
~ :· ,~~1: ,/ fa,. . 

IN THE OTHE/1. CIRCUIT ..rusr DESCl<ldcl> I THAr . l:ACII AHPI./Fll:R. -ii/- :- '.:;.: ______ _ .. " \ : ' . 
• ill -- - ·· ~ ~ .. , • .: 

A lice = 2.5 . Voi..rs ANP _ Ic: . J./ AmPS _ 1 _ _THEN _e'ACH _ AHP/..IF/E/?. );ff/fA."T'·~ 
0
·t~--­

. l1r - ·,· · i,.r 
. •·. :t •\,; ·;.- ·r::: . 

. 100 WATTS INPUT FtJR A CoH81Nel> INPUT _OF _ 2tti WATTS- ---- -..;0:~---'. : ''.'5:,:__ __ _ 
. . ' •,i,;,"'? 

P/.lt:V/cJ{/S EXAMPJ.E . : <>' -.. . . . rr··!-::----
( '- '\ .,· , 

VDc = o. 2S VoLrs) J THl: SQOARI: _ WAVc .. Yot..TAGli Acaoss _rHe $5B.1es_ --~ "-· _ 

;~ . 
Rt:so1v17,v-r ovrPor Nerworu<. OF .G , _I., , AND __ -r; ___ i,vou.t.b .HA vs .. A .,.-~.-.. ___ . 

VmAic OF _23. S VOLTS • ____ _/_HIS .Yl.:U)S A _ r_(,IND//mt;NTAL. __ SIN/; WAVe ·---· -:: _, _· -__ _ 

VOLTAG6 comPot,J£1JT OF e'° = 29. I{ VOLTS _ __ £,tNT/-1 Tlfc _ S/J/716 . _R.F-___ _____ ----

CORR.ENT _of_ _.,(,,p _ .:./2, SfD AmPs _. _______ _ 

!Hli ScR.JES RcSON/111.fT CIR.CI.//T . Al-1-<)a.JS ONLY Tlll: - Ft/NbAmeAJTAL. 

.S/Ne WAVe COHP0A.Jt:AIT or- Tl-le ouTPOT . .S-Ql/Al<e . WAVe VO~TA6G . T() 

PASS I OFFe/Z.ING- A 1-/16/1 /MP€DANce. ro _A'-L on/ER. 1-/ARH0N/CS. 

lHE OorPoT CVRIU:/1/T CIP THIS AHPI./F/e/2,. . I.Ike The PReV/aos ON€) 

IS A SINc WAVe. 

lite Fot.1-0WINC,. rABi..6 OF CAJ.CVL.ATloA.AS J'fioul THe AHPUFlcR . 

r-

ltAR.ACTe l'<.IS TICS /3 ASE D 

Am/JLIF/£R. = J../ Am/Js. 

P,N : 2 Vee I c :: 

ON Vee ,. ,;z S VOLTS AND Ic 

2 x 2 5 IIOLJ"S .ic ~ AmPs : 

OF l:ACl-t 

2.00 WATTS 
I 

i: 
I 

' 
: I 

• i 

VmRx =- Vee - 2 VsAr-= 2Svot..rs - /. S voLrs = 

ep.: ;j · VmAx: -#,- K 23.S VOLTS = 29. 9 VoLTS 

71 ..Ic = 
:J.9. Jf VOLTS Ji 1:1.SfD AmPs 

2. 

P. 188 wArr.s _ .,.. 
EFF = _!!!!_r X 100 • ----- 1J./ ✓ .. P11,1 20o WArrs - '" 

!!t- 2. 9. 9 VO/..T.5 
lp = ~r' :: 12,:,~ AmPs ::: 2-38 OHMS 

n "C = Vee. :l5 vat.rs _ 
r..,., Ic = 'i AmPS - 3. 13 DHms 

/88 WATTS 
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RF 
DRIVE 

INPUT 
fORT 

INPUT 
RGSONANT 
CIRCUIT 

Cd 

FL GUR6 

!3/AS 

Cc OUTPUT 

ReSONANr 
ourPur 

CIRCUIT PORT 

Acrivs 
DEVICE: 

R Fe. 

BLOCR DIAGRAM OF AN 
RF PoWE:R AMPL.IFI£R. 

., ' . 

t\i~; 
-('~-

" · ._,,· 
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RF VOLTA,E 
AMPLITV06 

. ~· 
,'•. ' ... 

' ,., 'I i ..,.-1 .. ,. 

0.707MAX ------------ -
(•3db) 

.~ OY .._ ______ -T-_____ -1... _____ ....!... _____ ~ TVNING \ 
FREQUENc.Y , , .. 

FIGUP.E 2 

DC AND 
Rt= VOLTAGI: 

LOWER. 
BAivO eoGG fo 

UPPER 
eANO EOOS 

GR.APH SHOWING- THE OUTPUT R. fZ. VOLTAGE AS THE OijtP1,t't /101'i 
TUNING- CONTROL) AND THUS rne RcSONANT FREQUEI\JGY> 
IS VARIED ABOVE: ANO BELOW TH5 FR.E.QUENCY OF THE 
CUR.RGNT PUJ..SES OeLIVEl<ED SY THE ACTI VB OEV/Ct; • 

Eoc --- - - -- -- - -- --. - ~ 
I 
I 

ov 

F1(]URE 3 

' I 

f.o 

R!= ovrPur VOI..TAG[; IS RIO/NG ON rHE D,C. SUPPLY 
VOL.TAG£. N8r,e:E THE D.C. Vot.TA66 1 s coN5TANT AND 
rHE R. /:. VOLTAGt: VA~IES ABOUT Jr • . THE R.F. VO.t.TA,~tr 
ANPLlrUDE [JETER.HINES TH£ INSTANTANEOUS VOL.TAG£ 
SWING FR.ON TllE D.C. LEVEL. 
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~ 

F.IGUR6. '-I 

I 
BIA$ 

I 
I 
I 

ov 

TRANSFE:R CURVE: SHOWJ/1/G- P.,IAS, INPUT DRIVE:> AND THI: 
PL.ATE CURRliNr FoR. A CLASS C Rt: AMPL.IFIER. 

rHE. CONDUCTION ANGLE: IS J.ESS THAN I ao·. 7i-11= D-C. 

.·.••t·· '.'. 
:( J . 

.-~· 

PLATE CURR£N7 IS THE AVEiR.AGli tJF THE 
PULSE. 

R.t=. CURR.€>JT 

wigfi
Stolen 2 Line Transparent
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Ep 

eo - .. ---· J ______ J _____ _ 

ep 

.. 

--------- _________ :1.pmRX 

--- --- .1.p(DC LEVEL.) 

OA 

-----1- ---------_ l -------------------Ep /oc u,vEi.l 

ep 

- - - - - - - - - - - - - - - - - - - - - - - - - - :: - ::. :: - - - - - - - - - - - - - ::.. i:po 7; ,·,,. FlGURE S GRAPl-l SHOWING THE: CLASS C fOWi;R.. AMPL(f 1£R. E3,: DC /3/AS' a.ND 1'!3 '$ PEAK RF GRID ])R.1YE VOJ..rAGG; J3 rnAx :: t'HE INSTANTANEOUS Pos !rNS Gl<.l&> CURRENT) W/.IICH FLOWS WHBN THE G'f<.I/) VOLTAGE IS POSITIVE:; Tl-/€ P1..A1e CUR..R.cJJT, Ip mAx1mom t-WI> rHe 't).C 1.EVEl( Ip)>. AND THE PLAT€ VOLTAGE> Ep = De LEVEL AAJC> ep _,, TH!! PcAK RF U;VeL., 
Nore r/-lAT THe PI.-ATE VOI.TAGc :S(,J.)/NGS Ct.oSE T() z.l=R..o VOlTS WHGA.J PL4TE CVRRE IJT FLOWS, 
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RF 
INPUT 

Cc 

I 

I 
I 
I 

.. 

• I {1-.....----+-- I 1 ,.,1 . I I · ·,. 

Cci 

FIGURE ~ 

BIAS 
SVPPLY 

n 
CN 

+ 

Cd 

: TUNIN& C.OADING-1 

I 

' ' L-----------' 

H.V. 
SUPPLY 

A TRIODE R.F. At1PL1F1ER. WITH NEurRAl..l'r.AilON. 
TH15 IS A $HUNT Ff:D ovrPLJT SINCE rwe o.c. 
AtJD R.r. ocJTPUT cunReNT5 l-tAVe SEPARATE: PATHS 
OUTSI oe OF iHE: PLAT£ OF THG TUB£, 

.,, .:. ~-­
{'~ 

I ~~ i_ 
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Ip AHPs 

I 
t). 1---__;__---l----1-''------

10 1--'----.~~---J-~-,,,.. 

8 
6 

4 
.l 
0 

D 

f=IGVR.c 7 

FIGUP.6 8 

I 

-ff_O'I 

----~oox__ 

~ -.2 fO V 

£p }{I/ 

Pl.ATS FAMJLY OP CLJR.V55 FOR, A TRIO DE. 

IF ~ lS Hl:LD CONSTANT l:p AFFl:CTS .Ip 

P1..ArE FAN/L.'( OP cv~vcs F:oR. A 

TG"Tf<.ODE. If: '=.J JS HEL.D COI\J.5TAIJ7
1 

Ep HA~ MJN/MUM AFf:6C7 ON If 
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FlGURe 9 

------+-CONTROL.GR.ID 

TOP Vle.W OF A POWER GRID 

THRODI: SHOWING- THE SHADOW WOUND GRIDS. SINCE 

THE SCR.e.£N GRID IS IN LINE Wlr.l•J THE: Cor-JrA.oL GRID) 

MOST or: fl.-lE E:LE'CTRONS THAT PASS n+E CONTROL 

GRIO WILL MISS THE 5CRE£:N GRIC> AND TRAVEL.. 

TO THE PLATE. 

SECTION A SHOWS TH£ SHADOW EF/:EC7 THA r THE 

NEGATIVE CONTR.Ol GRID flAS ON THE. POSITIVE SCR.€EA/ 

Gt<1D WHEN PL.ATE CUR.RGJJ7 FLOWS. IN THIS /)/~AWING.> 

TIie INSTANTANEOUS Pt.ATE VOI..TAGE /5 MUCH Gl?EATE/?... 

TI-IAAI T/IE VALUE OF- £ -5_3• 

ONLY A PORTION OF VIE TU/3E IS Sf/A D£1) ..S"O 71/AT THE 

CoNSTRUCTION J)ETAILS tJF TflE TU/3£ G',.:J N 13£ MORE 

CL£ AIU t 0/3sE/<.. VtEl>. 
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::Lp 

=--------- - --- - --- ---
TRANSFER CURV£ WlrH L.OWSR. ~s3 

TRAt.JSFeR CUP.Ve w1rH 1-¼IGHSf<. Es.3 ~ 

FIGLJ.RE 10 

ov, I 

I 
,-----~~ I . 

I 
l 
I 

I I I 

r~' --------~ 
I I 

BIAS 

HoRteONTAL SHIFT OF THE TRANSFcR. CURVES DUE To A 

CHANGE. OF SCRE61\/ <:.iRI D VOLT'AGE. THE BIAS AND 

R.J:. DRt'/£ AP.E: KEPT CONSTANT Bur THE OUTPUT 

CURRENT PULSE AMPLIruoe CHANG-ES DUE To THE 

5cR6t:N GR1 o VOL.TAG-£ VAR1AT 1ot-..1. BY 1NCREAS1N& 

THE SCREEN VOJ.TAGE TH£ SPACE CHAP.Ge AROUND 711£ 

CATJ-IODE. IS REDUCED AND THE AMPLIFICATION FACTOR. 

( GAIN) OF- THE TETRODE IS INCREASED, 

IT IS ASSUtnliD THAT THE CATHODl= TEHPE/2.ATUR€ 

IS Hl6H ENOUGII TO CREATE A SPACE: CHARGG• 
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Fl Guxe II 8 

s 
7 

' 
r~ 
50V -

r 

GfUfff OF THE l'L11Te fAMILY Of CVRVES FOil THe 

4 ex JOOOA Tfi~ODE w1rH E,,= 860V 

I 

8 . -- - ·j - - - +50V - ----• 

7 

6 

! 

:;2. 6 7 
JrV 

6'RAPH Of THE /Jl,ATE Fl9Mll.y fJF C.u~Vl:S FO/f 

Ttfe /fC';{ }0<10 /fl TE Tl{OC,a WJ:rl( 8J:: S'OOV 
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Cc. 
0 I RF= 

INPUr 

Ji 

r1 

SCREEN 
SVPPL'( 

Cd 

+ 

ti 
I I 
1TIJNING LOADING-I 

I 
I I 
r I .._ _________ , 

6/AS 
SVf'PL.'( 

Cd I,____-
FIGURE 1'2. TETP.ooE R.F AMPLIFIER. 

THi: RGsisroR Rs.9 IN SE.RiE:s w 1TH THE scRci:N 
CAUSE'S SCP.E£N GRID VOL.iAGe TO VAf<.'( As TH£ 
SCP.£1::N GRID Cu..RRErvT CHAN&ES. R~ CAUSES 

THE! SCR.EEN To I-I.AVE A PooRL.Y AE.GU/..Af60 ScR£eN 
CjRID VOL.TAG!:• 

'IF Rs3 IS SHORTl:D THE: SCP.ectJ GRID VOL.TAG£ 
W/L.L.. 8£Cot-iE WEJ.L. REC.UL .. ATED C.RcATING A 
DANG-EA. OF ::5CP.cl3N 0RIO OVER DISS I PAT 10 t-./. 
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10 

F'lGUR.£ 13 61?.rtPff O~ Pl.fffB VO.L.rAG6" AND CVIUU:NT POP. CL.ASS A 
TI-IR.0U6H 1). SHAD5D PoR.TION SHOWS DISSIPRTtON 
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76oV 

1.//01/ 

Ip 

OA 

ov 

CIJTOPJ: - - - - - - - - - - - - - -
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FIGURE 15' 

CLASS D AmPt.J~IBR WAV€FOR.M 

SHOWN ABOVE 

"S3oov · ___ _ 

--- -- - - --- - +'-1590 
---- --·-+'f2L/D 

- - - - - - - - - - - - - - • - - - - 0 v- - - - - -REisu1..rANt 
PLATE VOL.TAG-5 
WAVEFORM 

SHOWN A80V6 , ADDING- Tl-/£ 
l=UNDAMBNTAJ.. AJ.J'D THE. ru,n.D 

I-IAR.MON/C to CREATE AN 
APPR.oMMAT/01-1 OF A SQUARE; 
WAVG 
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S.J<V -- ----------

FIGURc lb 1F ep IS GIUil:l1£R THAN Ep , TH/i PLATE VOl.rAGS 

Wlt.l. DP.OP /3EI.OW ~ER.O VOL.rs CAUSINC, PL.ATE 

CUR.R€N7 ro STOP Ar THAT TIME. 

THE SHAD£D AIU:A SHOWS WHBIUE l'J..AT(i cwuu;N1' 
CAN Nor Fl.OW, 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

-----------------Is 

11------------------ Is 

1...1-----------------Is 

Is= 0 --f=+===============================:....::.-----1{-E t 
SAnJRATION 

FIC:.URG 17: JUNCTION TRANS 1s ron.. COLI..EcTOR FANIL. Y 
0/: CUA.VE$. 

20 
5.0V 

I 
I 
I 
I 

I 
I 

I 

I I I I 
I I I I 
i I I I 

I I I I 
I I ! I 

I I I i 
i ! ; I 
! I I I 

I I i 

Al3DV£ SATURATION, WHICH IS J..ESS TH AN 
2. VOL.TS COL.l.l:CTOR. ro EHITTel<., Vet; l+P.S 
MINIMUM AFFEiC.T ON :tc. • 

I I 8il .. l PU l:iEHH 

I I 
vG

1
s -1

1
w I 

I I I I I 

I l I I ! 
I I I I : 

~ !lv 

I I i I I 
I I I I 

'IV 
I I I ! ' ; 

I 
,ov 

1::·y 

I 
I 
I 
! 
I 

! 

i 
! 
' 

z 

"' "' => u 
z4~-+-~,'--4---1---'------'-----'--~ : 
C 

.? 

:itl ?1JO : :. 0 ~::J .':O 
V:is. OA A1N. ro SOURCE VO LT AGE PJC LTSI 1 

' Vos. DRAIN TO SOU ACE VOLTAGE !V OL TS) 
Fig. 3 - Typical Output Charae1emtics 

Fig. 5 - Typical Saturation Characteristics (IRF350, IRF351) 

FIGUR.G 18: FGt FAN /1..Y Ot= CURVES. A/30Vc. SATUR.ArlON, 
WI--IICH lS L£SS THAN Vos -::i C' V > V H H IHUm ;.; OS AS IN AFFECT ON Io 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

P1>-1.: Vee ·le 
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Ic= '{A 

Ve,. o. S V 

R1-=25A 

Vee.:: 100\/ 
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Ve.: IOOV 
1c= OA 

Vee.= 100V 

FIGURE 20: Ar CUTOFF NO PowER IS D&/..IVER.£D TO TH£ 
TRANSISTOR. 
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S'TAN01/\IG WAVcS 

I,,: A 'TRANSM1ss10N t.1N£ IS TiiRMINATEl> sucH rHA7 R1. = i:a A 1/N/FORM 

TRAVeLINCr WAV~ W/U. !:XIS r (Tf.(e INCl()£NT WA Ve), AND 7H(;i VOL.TA Ge 

IF TH£ T/').ANSMISSION 

t..1N£ J.IAs Loss£s TH€ VOi.TAGG W/i..L OECRl:ASc A.'5 TIie l)/STAIVCE. rAOH 

_TH€ souncc /NCR€AS€.S • 

.IF THE /../NE IS NOT P1<0P!iRI..Y TcRMINATEO (,.qi.-=/:, La) rHt: /,/NI: WILL HAV,!: 

AN INCID£N7' WAVE Tl<AV£1../NG, Fl<ON me SOURCE. To· THE LOAD .nND A 

. REFLECTED WAVe TRAVC:LING- FROM 77-1£ LOAD To THE SouR.c£. 

TWO WAVeS AR€. Tl<AVe/..lNG IN TH!: tJP.Pos,nE l>tR£CTIO/\IS TJ-tEY W/1..1.. ADD ANO 

CANCEL AT POINTS ALONG THE: LINE • 

THE WAVES ADD A NAx.lMUH (ANTJNoOE.) WILL c'XIST ANO TH£ 

C ANCct.ATI0N Pf{.oDuces A /1/NIHUM (NOOE), 

If.IE vot.rAGli STANDING WAV.S l<Arto (\/SWR. OR. p) /S A RATIO or- Tl-/€ 

MAX.IMVM VOLTA~E. ON T/.IG. LtNI:. TO THE: HIN//.-IUm Vat.TAG€ ON T/.fE LINE. 

'lii1= HAxJMLJ/Y"J \/C)I.TAGE. ( AIJTIN'OD£) CAN 8£ No GREATER Tl-fAJJ TWICE. TL-I€ 

JNC/DSNT VOLTA6€ AND TH€ HIN//'11.H VOLrAG6 (Nao6) c-,.A/ Be. DOWN To 2ERO Vol.TS• 

T!-lE VOLTAGE. NODES AND ANTINoOGS AR.6 ONE. QUAR.TEI<.. WAVGL€NGTH APAR.T, 

A VOLTA(;JE. fJODE W I LL 8£ F OR.MED AT THE. SAHE. LOCATION As A CURRENT 

AN Tl NODE AND VISA VERSA. 
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A Vat.TAG£ MoDG ( MINIMUM) w,u... BE FouND OIJ6 QUAR.7'!3R WAVE.t.ENGTH 

.rowARD ~HE G€AJ€1<.ATOR. FR.OM AN OPfiN AND A CURRENT N6Df. 

. . (t-f/NIMtJM) WILi.. /3,!; FouND ON£ QLJAR.TcA,. WAV£ LENGTH TOWARD THE. 

VSWR WI/..!. D£C~£AS£ 

As THE DI.STA/I/Cl; FAo/'1 THc VSWI< C'AUSING OISTVIVJAAICE INCR€.AS£s. 

¼is IS l)t)(: To T,!.Je: Tl'<ANSHISSION /.INC ATTeNUAT/ON («.). 

¼£ FOUOWINC:, FOR.Htl/..Z A PPI-'(: 

I = 

VSWR. 

(];LU/VIN I 

C'ofUHN 2. 

. (oLUMI.J 3 

RL-Zo r VSWR - I 

RL t- co .:: VSWI<. t-/ 

= 
EMA){ Ei, 1-Ea. , +Ir! 

= 
EH//11 

= 1-/r/ Ei - £.R 

C1V£s THE VSWI< 

G,vEs r1+E vsw~ IN db's wHERG: 

VswR db "'~o LoGr 10 vsw.R. 

GIVES THE Af3Sol-uTE VALU€ or- THI:. 

WllERS 

ALSO 

VswR -I 
I< = r = vsw R. -r I 

l<t._-Zo 
k= 

R1..-tl:o 

Rt:Ft.ECT/01,/ CO£Fl=ICIEN7 (I<) 

I t-1< 
VSWR = ~ 
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_I_ 
I.O(!, 10 I(. 

.. :...?ios . Tel..t .. S II-OW/PAI_< 

di:, 

. £XAMPi.£." __ A Tl?ANSt11rr1:;.n. auTPCIT LEVEL IS ?._O c(i, _K ..:· 

. _ { WHclU: O d6 I< := / K1.-1.1). ¼E a1: ruR..N . Loss 1:S 

Jo db. W1-,14 r 1s rl-iG Level. oF PowER. (3£1NG-

/?t:FLECT€D 13ACK 
? 

TC) T/-/e T/?ANSM/TTcR. 

Rt:FLEcret> Pow/ii?. LEVEL. = XN,r,t- Ot.1,-Pl.lr Lt:ve1. Powe/2. (-) 

ReruRN Loss 

= Zodb1< -3odb 

TO THE TR.AAJSH;rTEI<.) IS EQUAL TO 100 WATTS. 

RGPP.£S£NTS Tff£ F/?ACTION OF THE. TR.ANS/'1/77€1?.S 

ovr Pur Powel' THAT IS Rt:FL€CTED BACI<. To THE 

TRAN SH JTT€R.. 

ExAHPL£: A /00 I< W Tfl.ANSMI TTER. //AS A I<= 0. 0 3 lf.o. 

I-low HUCI-/ PoWER IS l3EIN6 l<EFLecTED BACK 

To THE 7RANS/-ltT7ER. f 

f}.E!=t.€CT€D .: PTR.ANSN/TT"l=f( • l<-l 

" JOOX/0 3 (0.031(,) 2.. 

/On w'ATT<; 
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_,, 

IS Tl-le ~ARr OF T/-1£ PoWcR THA r l:S TRAN:SM/TT€D• 

£XAMPl..e..0 A /00 KW TRANS/'1ITT€n. IIAS A I{= 0,03/t:, , /--/4 W 

p - p (1- I<. 2) 
TRANSN1rreQ - TR4NSH1rr€n. 

:: I001Uo 3 (1-0.03/~z) 

PrRANSf"IITTeD = '19, 9oa WATTS 

TR.ANSN/TT£D PoRTION OF THE; PoWl:R /N f3£LOW 

.I 

TIIG. T/?ANsN1 rrt:Rs ovrPur Pow€/<. 

£XAHPlE: A /001< w TRANSl-tlTTG/1. HAS AN ourPur L.EV£l o;= 

Zo db K. r1/2.~Ar 1s r1-1e l€vEt. tJ.t= THt:. Tl?ANsMt rrBD 

Pow1:R IN db K Ir k = tJ.03/t:, 

TRANSNtrT£1) LcYcl.. :- ~OdbK -[10 loc;. (1-1< 
2 >} 

= 20d6J< - ;.J.3J./S X/0 -
3 

/RANSM /TTE£> lEVEL .: /"t. "I '1{, d .6 I( 

wigfi
Stolen 2 Line Transparent
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• Reflection Measurements 

The table of reflection measurements is made up of seven columns, computed as follows: 
1. VSWR is voltage standing wave ratio tabulated from 1.000 to 4.000 in steps of .010. 

( 
2 . VSWR (dB)= 20 log 10 (VSWR). 
3 . K is the absolute value of the rP.flection coefficient: 

k K=r VSWR-1 · k= Ri.. - l" VSWR:= + 
. K ~ VSWR+l Ri.. -+::z., - " 4. K (dB}= 20 log 1 0 (1/K}. Return loss . 

5 . K2 is the power reflection coetficien·t, or the fr"action of power reflected. 
6. 1-K2 is the fraction of power transmitted. 
7. 1-K2 (dB}= -10 log 10 (1-K2). 

\_IC: ; ' '!~ \/~~'. ' .'n !df~\ ~\ I ( ldR l K'.' 1 - K2 1-1<2 rr1s1 
1.000 0.000 0.0000 CXl 0.00000 1.00000 0.0000 
1.001 .008361 .000490 66.20 .0000002 .9999998 .000089 
1.002 .017077 .000999 60.01 .. 0000010 .9999990 .000089 
1.003 .025793 .OD 1498 56.49 .0000022 .9999978 .000089 
1.004 .034332 .001996 54.00 .0000040 .9999960 .000089 
1.005 .043049 .002494 52 .06 .0000062 .9999938 .000089 
1.006 .051765 .002991 50.48 .0000090 .99999 10 .000089 
1.007 .060304 .003488 49.15 .0000122 .9999872 .000089 
1.008 .069020 .003984 47.99 .0000159 .9999841 .000089 
1.009 .077559 .004480 46.97 .0000201 .9999799 .000089 

1.010 .086 .0050 46.02 .00003 .99997 .0001 
1.020 .173 .0099 40.09 .00010 .99990 .0004 
1.030 .256 .01 48 36.60 .00022 .99978 .001 
1.040 .340 .01 96 34 .15 .00038 .99962 .002 
1.050 .424 .0244 32 .2 5 .00060 .99940 .003 

1.060 .506 .0291 30.72 .00085 .99915 .004 
1.070 .588 .0338 29.42 .00114 .99886 .005 
1.080 .668 .0385 28.29 .00148 .99852 .DOG 
1.090 .749 .0431 27.31 .001 86 .99814 .008 
1.100 .828 .0476 26.45 .00227 .99773 .01 0 

( 1.110 .906 .0521 25.68 .00271 .99729 .012 
1.120 .984 .0566 . 24.94 .00320 .99680 .0 14 
1.130 1.062 .0610 24 .29 .00372 .99628 .017 
1.140 1.138 .0654 23.69 .00428 .99572 .019 
1.150 1.214 .069 8 23.12 .00487 .99513 .021 

1.160 1.289 .0 741 22 .60 .00549 .99451 .024 
1.170 1.364 .0783 22.12 .006 13 .99387 .027 
1.180 1.438 .0826 21.66 .00682 .99318 .o::o 
1.190 1.511 .0868 21 .23 .007 53 .9924 7 .033 
1.200 1 .584 .0909 20.83 .00826 .99174 .036 

1.2 10 1.656 .0950 20.44 .0 0903 .99097 .039 
' 1.220 1.727 .0991 20.08 .00982 .99018 .043 

1.230 1.798 .1031 19 .7 3 .01063 .98937 .043 
1.240 1.868 .1071 19.40 .011 47 .98853 .050 
1.250 1.938 .111 1 19.09 .0 1234 .987GG .054 

1.2GO 2.007 .1150 18 .78 .01323 .98677 .058 
1.270 2.076 .1189 18.49 .01414 .9858 6 .cJG2 
1.280 2.144 .122 8 18 .22 .01508 .98492 .OGG 
1.290 2.212 .1266 17 .51 .0 1603 .98397 .070 1.300 2.278 .1304 17 .70 .017 00 .98300 _0 7,1 

1 3 10 2.345 .1342 17.44 .01801 .98199 .079 
1.320 2.411 .13 79 17 .21 .01 902 .98093 .083 1.330 2.477 .141 G 16.98 .02005 .97995 .088 1.340 2.542 .1453 1 G.7G .0 2111 .97889 .093 1 35() 2.607 .1489 16.54 .02217 .97783 .097 

l_ 
J..ooo 6, Ol06 0.313~ · 1,5'i O. II JI o,g 1n2 "t o. S"f'J. 3,00D 'f.S-1/- o, ~ t. 0 J. o. -;~ O, 7 S /, ?.S 
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QUARTER AND HALF WAVELENGTH 

TUBE TYPE CAVITIES FOR FM 

AND TV USE 

Bv: CLARENCE "Doc" DAUGHERTY 
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audio 

F.M. TIJBETYPE CAVITY RF POWER AMPLIFIER CONSIDERATIONS 

BACKGROUND: 

When amplifiers were first built they were able to handle audio frequencies 

only. As the operating frequency increased the interelectrode capacity of the 

vacuum tube and the distributed capacity of the circuit (lumped together they 

can be referred to as stray capacity, C) tends to shunt the signal to ground. 
s 

(See Figure 1). This limits the high frequency response of the amplifier, 

One method used to overcome the shunting effects of stray capacity 

is to lm-,<': r the resistive load impedance of the amplifier. 

+ 
supply 

Cc 
ino-j 1----,,-------,----+--___ _ 

uplate 

Cd /4 

J ;r_ 
ubias 

Cd ;}/ 

--'--
--r::: 

1 Cs 
I 

m 
heater input 

(C) 
s 

output 

equivalent circuit 

FIGURE 1 - A tube type amplifier and the equivalent circuit 

-1-

output 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

High frequency rolloff is determined by the formula: 

f = ----=1 __ _ 
max 

2 7f R C 
s 

Where: f = Maximum frequency output. At this point the max 
voltage gain is 0.7 of maximum and the power 
gain is half of maximum (The -3db point). 

R = The plate load resistance or the grid 
load resiitance 

Cs = The plate circuit stray capacity if~ is 
used, or the input circuit stray capacity if 
R is used. 

g 

The voltage gain of the amplifier is determined by the formula: 

A = 
V 

~ + r 
p 

Where: A 
V 

Amplifier voltage gain 

r = The internal plate resistance of the tube p 

~=The plate load resistance of the tube. 

From the above formuli it is apparent that as the resistance of 1\ 
decreases, the maximum operating frequency increases, but at the expense of 
voltage gain. (See circuit in Figure 1). 
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Another method of eliminating the shunting effects of stray capacitance is 

to make it a part of a resonant circuit. To do this~ is replaced by an induct­

ance. The inductance is resonated by the stray capacity (C) and an additional 
s 

capacity (C1 and c2 shown in Figure 2 A). 

The resonant circuit offers a high impedance for the tube's input and 

output circuits at the operating frequency. This produces a high amplifier 

gain. Notice that C is now part of the resonant circuit of the amplifier and 
s 

no longer bypasses the desired signal. 

C2 

J;d 
+ + 8~ 

-67__ 
bias Cd p 

Cd ~ ~Esg ~Ep - Cd -

FIGURE 2-A 

Circuit of an RF amplifier showing' 
the input and output stray capacity 
and tuned circuits 

Tcs 
117 

FIGURE 2-B 

Plate circuit of higher frequency 
amplifier where C is the resonating . s capacity. 

The scheme worked fine when 10 MR was the highest usable frequency. As 
z 

higher frequencies were used several new problems became apparent. They were: 

skin effect, decreasing values of Land C required to resonante the circuit, 

and stray inductance. 
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REDUCING THE VALUE OF INDUCTANCE AND CAPACITANCE 

The formula for resonant frequency is: 

f 
R 

1 

271./Tc' 

Where: f = Resonant frequency in Hertz 
R 

L = Inductance in Henries 

C = Capacitance in Farads 

To increase the resonant frequency, Land/or C must be reduced. In the 

RF amplifier the value of the added C can be reduced until C is the only 
s 

resonating capacity in the circuit. (See Figure 2-B). 

The value of inductance is reduced by winding fewer turns on the coil and 

keeping the coil's diameter small. Eventually as the frequency increases the 

coil might have less than one turn or even be a straight conductor. The induct­

ance of the straight conductor is determined by its length and diameter, 

The longer the conductor, the greater its inductance will be. 

The greater the area of the conductor, the smaller the inductance 

will be. 

SOLVING THE SKIN EFFECT PROBLEM 

Skin effect is a condition that causes RF currents to flow only on the 

surface of the conductor at higher frequencies. As the frequency of the RF 

increases, the RF current tends to flow closer to the surface of the conductor. 

At VHF TV and FM frequencies, the conducting layer is only a few thousandths 
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of an inch thick. Thus the RF resistance of a conductor is much greater than 

the DC resistance. This necessitates the use of larger conductors with greater 

surface area for high power use at VHF frequencies. This will keep skin effect 

losses low. Silver plating is often used on VHF RF components to lower the RF 

resistance. 

STRAY INDUCTANCE 

We now have the stray capacity of the circuit resonating an inductor that 

consists of a large area conductor with few or no turns. This gives rise to 

the problem of stray inductance. The leads that connect the various elements 

of the tube to the amplifier circuitry now contain much inductance compared to 

the rest of the amplifier's circuitry. This induct.ance ~an act as: 

(1) An RF choke which will reduce the RF output, 

(2) Part of another, unplanned, resonant circuit. with the stray 

capacity of the tube. This . can cause the~_tube to have ___ . 

parasitic oscillations. 

PARASITIC OSCILLATIONS 

Parasitic oscillation can occur within the tube or can occur because of 

the tube and its external circuitry. They are stopped by several methods. The 

most common method is the losser resistance (also called the parasitic suppressor). 

It is a small value of resistance (usually less than 100 ohms) found in series with 

the plate, screen, or grid circuits of the tube. It lowers the Q of circuit that 

causes the parasitic oscillations and eliminates them. 

A material called Eccosorb is also used in cavity type RF amplifiers to 

prevent parasitic oscillations. It offers resistance to the parasitic oscillations 

and can be in the form of hard blocks or various molded shapes, or thin flexible 

sheets. It is used tn selected places in the RF path of the amplifier to lower 

the Q of the parasitic oscillation circuits and eliminace them, 

-5-
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Another consideration of operation at VHF frequencies is that unlike operation 

at lower frequencies, relatively pure lumped components of resistance, capacitance, 

and inductance are extremely difficult to produce. All the components will exhibit 

considerable values of resistance, inductance and capacitance. 

Thus as frequency increases, lumped component resonant circuits get smaller 

and smaller (to reduce Land C); larger in diameter (to reduce skin effect); closer 

to the tube to reduce the effects of stray L; and there is great difficulty in 

predicting exactly what values of R, L, and Ca component or circuit may have. 

These problems can be managed in low power circuits but with high power 

circuits, arcs and shorts due to high DC and RF voltages become a problem. Larger 

size and spacing of components is a good start towards arc and short prevention, 

but this is in opposition to the smaller size and spacing dictated by the high 

frequency operation. Also in high power circuits, the unpredictability of the 

circuit values of R, L, and C make it difficult to control the vitally import­

ant parameters of dissipation, efficiency, and reliability of operation. 

THE TRANSMISSION LINE CAVITY 

One solution to the above problems is the resonant transmission line cavity 

amplifier. In this type of amplifier the tube becomes part of a resonant trans­

mission line. The elements of these tubes are arranged to look like concentric 

coaxial transmission lines. The design of these tubes stresses low interelectrode 

capacity and low distributed inductance. The stray (interelectrode and distributed) 

capacity and inductance of the tube becomes part of the resonant transmission line. 

The resonant transmission line is physically larger than the equivalent lumped 

constant L-C resonant circuit operating in the same frequency. This larger 

physical size aids in solving the high power operation problems of skin effect 

losses, prevention of arcs and shorts, and reliable and predictable operation. 

Before we can study the transmission line cavity, we must review the basics of 

resonant transmission lines. 
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REVIEW OF RESONANT .TRANSMISSION LINES 

Any transmission line (parallel wire, coax, or the microstrip type used 

on printed circuits) has a characteristic impedance. If a transmission line 

is terminated in its characteristic impedance by a resistive load (Example: 

a 50 ohm resister terminating a 50 ohm line), a signal traveling down the 

line will be totally absorbed by the load and no reflection will result. If 

the impedance of the termination (ZL) does not equal the impedance of the line 

(Z ), or if ZL does equal Z but it is not totally resistive, a signal 
0 0 

sent down the line will not be totally absorbed by the termination. Some or 

all of it will be reflected back down the line to the source. 

FOUR SPECIAL CASES OF RESONANT LINES 

There exists four special cases of improper termination of a transmission 

line. They are: 

(1) A quarter wavelength section with termination open 

(2) A quarter wavelength section with termination shorted 

(3) A half wavelength section with termination open 

(4) A half wavelength section with termination shorted. 

The symbol for wavelength is i\ 

GENERAL RULES FOR RESONANT TRANSMISSION LINES 

Two general rules exist for these four cases. They are: 

(1) A quarter wavelength of transmission line inverts impedance. 

(a) If the ZL is less than Z
0

, then the input impedance of the 

line(Zin) will be greater than Z. (See Figure 3) 
Q 

(b) If ZL is greater than Z
0

, thenZinwill be less than Z
0

• 

(See Figure 3) 

-7-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

A. = son 

B. lOOJl 

$ open-a. 

1 
4 

Z =70.7D. 
0 

" 4 

Z = 70.7.[). 
0 

1------------
4 

short~ 

C. A shorted termination yields an open source. 

The source is equivalent to a parallel resonant circuit. 

1 
4 

short~ open~ 

D. An open termination yields a shorted source. 

The source is equivalent to a series resonant circuit. 

FIGURE 3 - Four examples of improper termination (ZL) that shows the 

inverting properties of a quarter wavelength of a trans­

mission line. The line used in Examples (A) and (B) had 

a characteristic imp edance (Zitilof 70.7 ohm, but the line 

impedance (Z) of A through D could be any value and still 
0 

y i eld correc t r e sults using the f ormula: 
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(2) A half wavelength section of transmission line repeats impedance. 

(a) Think of it as two quarter wavelength sections in series. 

(See Figure 4 A and B). 

(b) The input impedance (Z'j__11)always equals the load impedance. 

(See Figure 4 C). 

open~ 
short~ 

) 

4 

open~ 

A. An open termination of a half wavelength section yields an open 

source. The source is equivalent to a parallel resonant circuit. 

short---,i-

';, 
2 

open~ 

short-r-

B. A shorted termination of a half wavelength section yields a shorted 

source. This is equivalent to a series resonant circuit. 

z 
0 

). 
2 

70.7.fl 

Z at mid point= SOfl 

1 
4 

C. A half wavelength line repeats impedance. At ?../4 from the termination 

z 2 

Z "d ml 

z 2 
0 = son ~/4 from this point (the source) 

0 Z:i.n= --- = 100n 
Z "d ml 

FIGURE 4 - Conditions of a hal f wavelength of transmis s ion line. The z of 
0 

the lines in Figures A, B, C can be any value, but Figure C is shown 

in this example at Z
0 

= 70.7 ohms. 
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THE SHORTED QUARTER WAVELENGTH LINE 

A shorted quarter wavelength transmission line has a high (almost open), 
purely resistive input impedance. Electrically it looks like a parallel 
resonant circuit. If the applied frequency is changed slightly so that the 
shorted line is no longer one quarter wavelength long, the input impedance 
drops and no longer remains purely resistive. (See Figure 6). 

k 1 
4 

open-?"" short➔ 

FIGURE 5 - A shorted, quarter wavelength line looks like a parallel 
resonant circuit, 

THE SHORTED TRANSMISSION LINE LESS THAN A QUARTER WAVELENGTH LONG 

When operated at a frequency below that for which the shorted line is one 
quarter wavelength long, the physical length of the line at the new lower 
frequency will be less than one quarter wavelength. The impendance will be 
lower and the line will look inductive. Actually, the impedance will be a 
combination of resistance and inductance. As the applied frequency is lowered 
further, the resistance will become lower, the inductance will become greater, 
and the impedance will become smaller. (See Figure 6 A and C). This same 
effect is seen on a parallel resonant circuit when it is operated below 
resonance (See the Example in Figure 6). 
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4 

A. The applied frequency is lower 

than the frequency for . which the 

line is A/ 4. The Zin is inducti.ve 

and resistive. 

I I 
i 

t I 

I R 
I 

r,.'-. 
0:::)z. --+ 

~ . in 

I 

-< XT 
-<'. 
( 

C~ The equivalent circuit of 

A and B showing how Zin appears. 

FIGURE 6 - The shor ted line less than 

⇒ 

4 

B. The equivalent circuit 

of A. A parallel resonant 

circuit is operated below 

resonance, X is greater 
C 

than XL· and iL is greater 

than i. 
C 

XT is the total equivalent 

reactance. IT can be inductive 

or capacitive. In this case 

it is inductive. 

and its eqivalent circuits. 

In Figure 6-C, the eq uival e nt circuit of the shorted line less than 

:1nd the pa r al l el resonant circuit oper;:i t ed be l ow r esonanc e a r e both 
inductive . In Figure 6-B, if the capacitive reactance (X) is greater than the 

C 
inductive re;:ictance (:),), than the current flow through the inductance (i

1
) ,,ill 

be grea t er than the curren t through the capacit~1nce ( i ) . 
C 
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NOTE: The current i
1 

and ic are 180° out of phase and would cancel 

at resonance, where Xe=~ and ic = i
1

. The generator supplies 

a small current to make up for circuit losses. 

Below resonance where i
1 

is greater than ic' the currents do not cancel 

and the generator's current is equal to that v alue of i
1 

not cancelled by ic 

To solve this probl em and reresonate the circuit, we need only to make~ 

equal to X 
C 

In Figure 7, the circuits shown in A and B (in both cases the applied 

frequency is lower than the resonant frequency) are resonated by adding 

parallel capacity . In Figure 7-B, this lowers ::\ to make it equal to ~ 

In Figure 7-A, the shorted line is physically less than-~~'-- , but it :i.as 
~ 4 

by the parallel capacity and is again been electrically lengthened to 
4 

resonant. 

! 
j 

-'- C 

I 

1. 
4 

A. Capacitance (Cl is added to 

electrically lengthen the line 

to i/4 (iesonate it). 

B. Capacitance (C) 

to lower X and 
C 

equal to XL and 

the circuit. 

FIGURE 7 - Applied frequency is lower th3n resonant Erequenc v and 
c.::ipacit.:rnce is added to resor::1c2 the circuit. 
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Another approach to resonating a circuit where the applied frequency is 
lower than the resonant frequency is to add a series inductance. In Figure 8-B, 

a small amount of series inductance is added to increase the~ and make it· 

equal to X • In Figure 8-A, the series inductance (or inductances in the case 
C __ (\_ of a balanced line) electrically lengthen the physically short line to 

4 
and resonate it. 

L 

L 
shorted end\i 

/ \ , 
'----,~I:::i- - - - - - - - _1, :::::--

L 

parrallel line coaxial line 

A. Adding series inductance somewhere in the physcially short line 
to electrically lengthen it and cause it to resonate. 

yadded L 

B. Inductance is added to increase~ and make it equal to Xe 

FIGURE 8 - When applied frequency is lower than resonant frequency, series 
inductance can be used to reresonate the circuit to this new 
lower frequency. 

This concept is not new to many of you. How do you electrically lengthen 

'- I 

an antenna that is physically too short? In an antenna system, series inductance 
(a loading coil) is used to lengthen an antenna whose length is not equal to 

r\ (vertical) or - 2- (horizontal). See Figure 9. 
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Parallel, or shunt, capacity can also electrically lengthen an antenna 

that is physcially too short. In Figure 10, capacitive top hat loading elec­

trically lengthens a vertical antenna. Shunt capacity can be used to lengthen 

a horizontal antenna, but it is less common. 

--'"-1---t---~-toading 
coils 

A 
4 

FIGURE 9 - Inductive loading electrically lengthens (and resonates) a 
physically short vertical and horizontal antenna. 

capacity __ _,_ 
top hat 

A 
4 

l 
FIGURE 10 - A capacity top hat loading disc adds the shunt capacity 

that electrically lengthens the physically short antenna 
and resonates it. 
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Cc 

RFC 

Cd 
li----'O /4 output 

Cc 

A 
4 

i 

m 
input /4 + 

Esg p-
FIGURE 11 - A shorted, quarter wavelength transmission line amplifier. 

C = Coupling capacitor C 

Cd= Decoupling capacitor 

RFC= Radio frequency choke 

In Figure 11, shorted transmission lines are used to resonate the inputs 
and outputs of this amplifier. Notice that the length of the lihes are less 
than 

>t 
4 

but the tubes shunt input and output capacity and its series lead 
inductance will electrically lengthen and resonate the transmission lines. The 
input is shown inductively coupled, but it could just as easily have been 
capacitively coupled to the grid. The input could also have a lumped constant 
resonant circuit or a transmission line resonant circuit since its power level 
is low. The output coupling is capacitive, but it also could been inductive. 

THE OPEN HALF WAVELENGTH TRANSNISSION LINE 

The open ended half wavelength transmission line displays the same input 
~ -characteristics as the shorted quarter wavelength transmission line. At 
2 it acts like a parallel resonant circuit. It acts like an inductive/resistive l'I circuit when it is shorter than 

2 " , but greater than 
4 As its wave-
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length progresses from >t 
2 

and it gets more inductive. 

to just greater than , its impedance decreases 

An open ended transmission line shorter than ~ 
.2 

car. be electrically lengthened (brought to resonance at a lower frequency) by 

adding shunt capacity and/or series inductance. 

THE OPEN HALF WAVELENGTH TRANSMSSION LINE AMPLIFIER 

When incorporated into an amplifier circuit, the input may consist of a 
transmission line type resonant circuit or a lumped constant type resonant 
circuit. The lumped constant resonant circuit can be used at the input be­
cause of its lower power requirement. 

Ep + 

RFC 

k 

---------0 ( l ffeoutput 
l 

input o----{ ~ J Cc 
l ¼--'-~J 

r'O'f ?. o I'( 

FIGURE 12 - A half wave open ended transmission line amplifier. The input 
and output can be inductively or capactively coupled. 

The input and output can be either inductive loop coupled or capacitively 
coupled. The transmission lines used in this amplifier are shorter than+ 
The stray inductance and capacitance of the tube becomes part of the resonant 
circuit and electrically lengthens (lower the resonant frequency) of the input 

and output transmission lines. (See Figure 12); 
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REVIEW OF COUPLED PARALLEL INDUCTORS 

To understand one feature of the FM 2.5K through FM 20K FM transmitter 

RF power amplifiers, it is necessary to review inductively coupled, parallel 

inductors. 

If two inductors are connected in parallel but not magnetically coupled, 

the total inductance will be equal to the formula: 

1 or 

+ 

Assume each inductor is 1 uh. The total inductance will be 0.5 uh. 

(See Figure 13-A). 

If two inductors are positioned so that there is an aiding magnet coupling, 

the inductance of each inductor will increase. This increased inductance is 

due to the mutual inductance provided by the magnetic coupling. 

and 

Where: L is the mutual inductance provided by the magnetic coupling. 
m 

If these two coupled inductors are placed in parall e l (still magnetic 

aiding, the total inductance will be: 

1 

1 1 
(See Figure 13-B) 

+ 
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A. B. 

FIGURE 13 -(A; Two parallel 1 uh inductors without magnetic coupling. 

L = 0. 5 uh 
T 

(B) Two parallel 1 uh inductors that have aiding magnetic 
coupling. 

LT 0.55 uh 

If two parallel inductors are constructed so that their magnetic coupling 

can be changed, the total inductance can be varied over a small range. 

INDUCTANCE OF A STRAIGHT CONDUCTOR 

Every conductor has some value of inductance at VHF frequenceis. This 

inductance has a large effect on the circuit due to its high inductive 
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reactance (~). ~ = 2 71 F L. A small diameter conductor a few inches in 

~- length may act as an RF choke. A simple rule exists to help us control this 

value of inductance. Remembering that at VHF frequencies, the skin effect 

causes most, if not all of the RF current to flow on the surface of the con­

ductor. The rule is this: 

(1) As the surface area of a conductor of given length increases, 

its inductance decreases. A large area conductor may be 

thought of as many smailer area conductors in parallel. 

The inductance of the large area conductor is less than the 

inductance of the small area conductor because of the law of 

parallel inductors. 

1 

+ + 

(2) The inductance of a straight conductor is directly proportional 

to its length. 
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COAXIAL LINE FEATURES OF A TETRODE R.F. POWER AMPLIFIER TUBE 

THE ANODE (PLATE) 

The plate resembles a copper cup with half of the plate contact ring 

welded to the mouth and the cooling fins silver soldered or welded to the 

outside of the cup. (See Figure 14 and Figure 15). 

cooling 
fin 

plate~ 
(anode) 

contact ring anode 

cooling 
fin 

. 1 ~alf of anode 
contact ring 

~-other 
half of anode____,, 1 half of 

contact 
ring 

~ceramic/ 

FIGURE 14 - Cut away view of the anode structure. 

The other half of the anode contact ring is bonded to the base ceramic 

spacer. It fits into the half of the anode contact ring fastened to the plate 

structure, and the t wo halves are weld ed to gether. This ceramic spacer is 

the same ceramic that is shown above the screen contact ring in Figure 16. 
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~cooling fin 

~---anode contact ring 

.. -<11:-----ceramic 

~screen contact ring 

~----ceramic 

~~,---grid contact ring 

\ 

\ \ -~athode (heater) contact ring 

\ceramic 

heater contact ring 

FIGURE 15 - A cutaway view of the exterior of a tetrode RF 
Power amplifier of the type used on F.M. trans­
mitters. 
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THE SCREEN STRUCTURE 

The screen grid consists of many vertical supports fastened to a metal 

base cone. The other end of the metal base cone fastens to the screen contact 

ring. The inductance of the individual vertical supports is reduced by build­

ing the screen grid of many of them in parallel. The vertical supports are 

held rigid by horizontal rings welded to them and a metal cap on the top of 

the assembly. The screen contact ring, metal base, and metal base cone also 

functions to reduce lead inductance and RF resistance due to skin effect. (See 

Figure 16). 
~metal can 

1,-t--t-+-l-.J ◄<=----cylindrical screen grid 

cylindrical metal base 
,.,..--half of anode contact 

/ ring 

cone 

FIGURE 16 - The screen grid assembly 

A cut away view of the plate circuit and the screen circuit in Figure 17 

shows a concentric construction that resembles a coaxial transmission line. 
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ceramic--------=~~ 

RF constant current generator 

IL-l-_"'tl 0, 
i I I~_,..,. I I 

l'--'--t-""!1 1 I 
1'--'--+-➔I I f 
11--+--r-ll I I I 

I I _ __.,1 I 
!'-'--+--ti t 

n....-+--tl L 
r'-''--~!,,, I 

screen 
grid 

support 

I 
I 
I 
I 

anode structure 
(cut away view) 

plate bypass 
/capacitor 

.,---- -

- -- ✓✓//\ 
, __ J RF circulating 

current path 
(dotted line) 

I -- --~ 
I 
I 
I 
I 
I 

----- ---- ------ - -- _ l 

\ . "--screen bypass capacitor 

~screen contact ring 

FIGURE 17 - Showing the plate and screen assembly and RF circulating 
current path (dotted line) 

Consider that the output RF current is generated by an imaginary current 
generator between the plate and screen grid. The RF current travels along 
the inside of the plate structure on its surface (skin effect), through the 
ceramic at the bottom of the anode contact ring, around the anode contact ring, 
across the bottom of the fins, and to the band around the outside of the fins. 
From here it flows through the plate bypass capacitor to the RF tuned circuit 
and load, and returns to the screen grid. The return current travels through_ 
the screen bypass capacitor, then through the screen contact ring, up the cone, 
and up the screen grid to return to the imaginary generator. The screen grid 
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has RF current returning to it but due to its low impedance, the screen grid 

is at RF ground potential. The RF current generator appears to be feeding 

an open ended transmission line consisting of the anode (plate) assembly, 

and the screen assembly. The RF voltage developed by the anode is due to the 

plate impedance (Z) presented to the anode by the resonant circuit and its 
p 

load. 

The control grid assembly and the· cathode assembly are also cylindrically 

constructed and concentric. The control grid assembly is constructed similarly 

to the screen grid and is slightly smaller than it. Figure 18 shows the 

screen grid, control grid, and the cathode assemblies as they are placed in 

the tube. 

~inside surface of anode assembly 

screen assembly 

grid assembly 

fl 
11 
II 
II 
ii 
)1 

( ' 
I I 
I I 

I i 
I I 
I I 
I I 
I I 
I I 
I I 

I 

screen contact ring 
ceramic 

r ------r ------------- , 
I 

1---- , 
I I 
I I 
I I , ____ , 

I 
_____ _ _______ I---------- - -- I 

RF 
drive 

cathode assembly 
(details in Figure 19) RF circulating current path (dotted line) 

FIGURE 18 - Showing details of assembl y of grids a nd cathode components, 
and the simplified RF input circuit (bias circuit not shown) 
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In Figure 18, an RF generator (The RF driver output) feeds a signal to 

the grid cathode circuit. The grid cathode assembly resembles a transmission 

line whose termination is the RF resistance of the electron stream within th·e 

tube, · 

ceramic insulator 
~ 

{upper filament support 

.--..-----I.+-++----.---, 

filament wire----L~ 

/ 

cathode/heater contact_} 

-~,;;----filament wire 

.___cathode-filament support 

filament support 

FIGURE 19 - The cathode assembly. The filament assembly 
parallel loops of wire supported at the top. 
filament supply feed the bottom of each loop. 

consists of many 
Both sides of the 

The details of the cathode assembly are shown in Figure 19. The outer 

ring (the cathode heater contact) is the inner conductor of a coaxial trans- · 

mission line formed by the cathode and control grid assemblies. The other 

s ide of the filaments is returned down the center of the cathode assembly. 

-25-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

filament 

RF chokes 
formed by 

lead 
inductance 

A. Grounding the 
cathode below 
30MHz 

B. Grounding the 
cathode above 
30MHz 

FIGURE 20 - Bypassing the cathode 

m 
ground 

). 
2 

---- ....,_filament 

n transformer 

C. Grounding the 
cathode via a 

A /2 transmission 
line 

When operating an amplifier stage grounded cathode, feeding the RF into 

the grid, RF current flows into the cathode and grid circuits, but the cathode 

must have a low impedance (and thus low RF voltage). 

-26-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Below 30 MR (Figure 20-A), the cathode can be grounded by simply 
z 

bypassing the filament connections with capacitors. 

Above 30 MH, the same technique does not work well because of the 
z 

stray inductance of the filament leads. Notice in Figure 20-B the filament 

leads appear as RF chokes preventing the cathode from being placed at RF 

ground potential. This causes negative feedback and effects the efficiency 

of the input and output circuits. 

In Figure 20-C, the cathode circuit is incorporated into a half wave­

length transmission line. The line is shorted to ground by large values of 

capacitance one-half wavelength from the center of the filament (at the fil­

ament voltage feed point), This short is repeated one-half wavelength away 

at the cathode (heater assembly) and effectively places it at ground potential. 

Since half wavelength bypassing is bulky and expensive, the selection of 

proper values of inductance and capacitance in the filament/cathode circuit 

can create an artifical transmission line that simulates the one-half wave-

length shorted line shown in Figure 20-C. If Figure 20-B is observed, the 

inductance and capacitance can resemble an artifical transmission line of 

one-half wavelength, if the values of Land Care properly selected. 

If this still does not make sense to you, remember that a half wave­

length shorted transmission line appear to be a series resonant circuit, Now 

if proper values of inductance and capacitance are selected, does each side 

of Figure 20-B resembles a series resonant circuit? 

REMEMBER: A series resonant circuit offers minimum 

impedance at resonances. 

If you have a VHF tube type amplifier whose grid/cathode circuit is not 

the concentric transmission line type, you can remember selecting various 

lengths, widths (sizes) and numbers of conductors (inductors in this case) 

connecting the cathode to ground. You have bent, shaped, and changed those 
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conductors (fine tuning values of Land C) until the amplifier has the proper 

efficiency of operation, grid current, RF input driver, and etc. You were 

really resonating the cathode circuit to place it at RF ground. To resonate the 

grid circuit much of these same types of bending, shaping, changing, and 

resonating adjustments took place. This is done to make the grid circuit 

operate at a high RF potential. 

Most of these adjustment on your transmitter were performed by Factory 

Test and/or Field Service personnel. They need not be redone unless the tube 

manufacturer changes the tube internally (we'll notify you if this µappens), 

or if you must change the transmitter's operat.ing frequency . . If .the operating 

frequency must be changed, you should notify us and get Field Service assist­

ance to perform this change. 
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THE HALF WAVELENGTH CAVITY (FM 2.SK THROUGH FM 20K) 

l 
2 

(67 in. @ 88MHz) 

screen bypass 
capacitors (8) 

RFC 

FIGURE 21 - A half wavelength cavity 

inner conductor 

H.V. input 

screen contact ring 
-l----and finger stock 

screen voltage input 

This cavity (Figure 21) appears as a half wavelength circuit with the 

tube's anode and a silver plated brass pipe serving as the inner conductor, 

and the cavity box serving as the outer conductor. The transmission line is 

open at the far end and repeats this open condition at the tube. Remember 

that one half wavelength of transmission line repeats impedance. The line 

appears to be a parallel resonant circuit. 
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The circuit shown above was calculated for 88 MH. The inner conductor z 
is 67 inches high. To allow room for the open condition at the top and the 

space for the input circuitry at the bottom, the cavity box would have to 

be almost eight feet tall. This size is too large for a practical trans­

mitter and does not take tuning or operation at any other frequency between 

88 MHz and 108 MHz into account. 

If a graph of RF voltage and current and impedance were drawn for the 

inner conductor of the transmission line and the anode of the tube (See 

Figure 22), the plate inpedance of the tube would be many thousands of ohms. 

The plate's RF current would be extremely small and its RF voltage would be 

very large. Arcing would become a problem and the high plate impedance 

would make the amplifier operate inefficiently. 

screen grid~l~r 

creen bypass4,~J 
capacitors 1 

max 

max Z 

plate 

600 to 900Jl. 

/ 
/ 

/ 

~ 
. //~voltage 
/. 

/ · "- ~ current 

FIGURE 22 - Graph showing distribution of RF voltage, current, and 
impedance along the plate inner conductor. 
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In Figure 22 there exists an area between the anode and the quarter wave­

length short location where the impedance would be ideal for the anode of the 

tube (typically 600 to 800 ohms). To achieve this ideal plate impedance, the 

inner conductor should be less than one-half wavelength in physical length 

(physically foreshortened) and electrically resonated (electrically lengthened 

to one-half wavelength), 

Some engineers prefer to talk about physically foreshortening 

the line so that the shorter length resonates at the desired 

(lower) frequency. I prefer to speak of electrically length­

ening the physically short line to be electrically one-half 

wavelength at the desired (lower) frequency. I believe this 

approach helps make clear the process of resonating the line. 

If the line length were changed to operate at different frequencies, the 

plate impedance would also change because of the new distribution of RF volt­

age and current on this new length of line. The problem of frequency change 

now becomes twofold: (1) Change the length of the line to resonate it, and 

(2) keep the plate impedance of the tube constant for good plate efficiency 

(plate efficiency explained later under electrical parameters). 

To solve the problems of operation at different frequencies while keeping 

the plate impedance constant, two forms of coarse tuning and one fine tune 

(plate tune) provisions are built into the cavity. 

Lets explore the actual configuration of the cavity and explain the 

methods used to solve the problems of physical size, operating frequency, 

plate impedance, and the coarse and fine tuning arrangement. Figure 23 

shows the tube and its pl( te line (inner conductor). The inner conductor 

is bent into a "U" shape to reduce the cavity height. 
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~ 12 3/8" inner conductor 

T \!ti, i-7 9/16" 

+ 
(rotary 

I 

section 

anode a 

7 fl ~strap 

movable 
section 

tube 

FA tuning 
indicator 000 max 

input and drive 
compartment b a 18 1/16 13 3/4 

b 8 1/16 12 3/8 

FIGURE 23 - The configuration of the halfwave cavity 

With the movable extension fully extended (plate tune indicator 000) the 

inner conductor measures 38 inches, and the anode strap measures 7 inches. The 

path from the anode strap to the inside surface of the tube's anode (along the 

surface due to skin effect) is estimated to be about 8 inches. This makes the 

inner conductor's maximum possible length about 53 inches. This is too short 

to be a physical half wavelength at any F.M. frequency. The length of a half­

wave length line is 54.7 inches at 108 MH and 67.1 inches at 88 MH. 
z z 

The two coarse tuning arrangements, the fine tuning arrangement, and 

the tube's output capacity resonate (electrically lengthen the physically 

foreshortened line) the plate line to the exact operating frequency. This 

process, along with proper loading, determines the proper plate impedance and 

therefore the efficiency. 
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ELECTRICALLY LENGTHENING THE PLATE LINE 

THE STRAY CAPACITY 

The output capacity of the tube is the first element that electrically 

lengthens the line. A halfwave transmission line that is too short offers a 

high impedance that is resistive and inductive. The tube's output capacity 

resonates this inductance and the detrimental effects of the output capacity 

are eliminated. 

Another stray capacity that will electrically lengthen the line is the 

capacity between the movable section (the plate tune) and the cavity box 

(the outer conductor). 

THE ANODE STRAP ( COARSE TUNING PROVISION) 

The anode strap has much less cross sectional area than the inner con­

ductor of the transmission line. It therefore has more inductance than an 

equal length of the inner conductor; Thus the anode coupling strap acts as 

a series inductance and electrically lengthens the plate circuit. 

At low frequencies, one narrow strap is used. This high inductance 

lengthens the plate circuit more. At the mid F.M. frequencies, one wider 

strap is used. This provides less inductance than the narrow strap and does 

not electrically lengthen the plate circuit as much. At the upper end of the 

F.M. band, two anode straps are used. This parallels the inductance of the 

anode straps (lower total inductance) and thus electrically lengthens the 

plate circuit even less. 

This coarse adjustment gives three line lengths to choose from. 
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THE ROTARY SECTION AS A VARIABLE INDUCTOR 

The main section and the rotary section of the plate resonant transmission 

line can be thought of as parallel inductance. 

RF current flows in the same direction in the main transmission line and 

the rotary section, and thus their magnetic fields would aid. 

When the rotary section is at maximum height, the magnetic coupling be­

tween the main sections of transmission line and the rotary section is at 

maximum. Due to the relatively large mutual inductance provided by this 

close coupling, the total inductance of these parallel inductors would in­

crease. This electrically lengthens the transmission line and lowers its 

resonant frequency. (See Figure 24-A). 
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When the rotary section is at minimum height, the magnetic coupling be­

tween these two parts of the inner transmission line is minimum. This reduced 

coupling lowers the mutual inductance which lowers the total inductance of the 

parallel combination. The reduced inductance does not electrically lengthen 

the line as much and it therefore operates at a higher resonant frequency. 

(See Figure 24-B). 

The rotary section provides an infinite number of coarse setting for the 

various operating frequencies . 

..__ 

tube 

(A) The rotary section at 
maximum height 

tube 

(B) The rotary section at 
minimum height. 

FIGURE 24 - The positions of the movable section. 

THE PLATE TUNING ASSEMBLY 

The movable plate tune assembly is at the end of the plate inner trans­

mission line. It is moved up and down, changing the physical length of the 

inner conductor by about 4 11/16 inches. It is linked to the plate tuning 

knob and provides a fine tuning adjustment for the cavity. 
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FIGURE 25 - RF circulating currents as a result of the imaginary RF 
current generator located between the plate and the screen 
grid. The direction shown for current flow is arbitrary 
(one-half cycle later it will reverse), 
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FIGURE 26 - Graph of RF current, voltage, and impedance for the 
cavities actual inner conductor. 
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THE RF CIRCULATING CURRENTS 

CIRCULATING CURRENTS IN THE INNER CONDUCTOR (PLATE CIRCUIT) 

Figure 25 shows the cavity RF circulating currents. The circuit impedance 
reflected back from the resonant circuit to the plate screen circuit of the tube 
is 600 to 800 ohms. RF current leaves the plate and flows down the electrical 
half wavelength plate inner conductor. When the current reaches the far end 
of the plate line it can go no further. The current flow is stopped and a 
high RF voltage is developed between the cavity box (outer conductor) and the 

end of the inner conductor. (See Figure 25). As with any other open terminated 
transmission line, the high RF voltage developed at the end of the line pushes 
(reflects) the RF current back down the line to the plate. This is the RF 
circulating current, the same as would be found in a conventional L-C tank 

circuit. If no load were placed on the res~nant circuit it would have an 
extremely high Q. The circulating currents would gradually dampen out over 
several cycles if the plate-screen circuit were to receive only one pulse 
from the grid 

NOTE: As with any other transmission line RF currents will flow in equal 
magnitude and opposite directions on the inner conductor and the 

outer conductor. We will study the RF circulating currents in the 

outer com dctor shortly. The inner conductor is used to determine 

the resonant frequency and determines where the load is coupled 

into it. 

COUPLING THE LOAD 

To couple energy out of the cavity two methods can be used. They are 

inductive coupling and capacitive coupling. 
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Capacitive coupling must take place at a maximum RF voltage point, at 

the far end of the line in this case. Inductive coupling must take place at 

the maximum RF current point. It is approximately one-quarter wavelength 

from the end of the inner conductor. (See Figure 26). In this cavity the 

two coarse tuning adjustments are located just before and after the place on 

the line where the inductive output coupling occurs. (See Figure 27). By 

proper combination of these two coarse tuning controls, the maximum current 

point is placed exactly over the output coupling point. 

At the far end of the plate line, RF current does not go quite to zero. 

RF voltage and impedance never get quite to maximum due to the capacity 

between the end of the line and the cavity box (outer conductor). This also 

has the effect of physically foreshortening (electrically lengthening) the 

line. 

output 

inductive 
coupling loop 

loading capacitor/ 

I 
2nd harmonic trap 

inner conductor 

.------+--rotary section 

-anode strap 

tube 

FIGURE 27 - Showing side view of cavity, and the location of the inductive 

coupling loop 
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THE CIRCULATING CURRENTS AND Q 

The amount of cavity RF circulating current is directly dependent on 

the loaded Q of the cavity and is usually much higher than the RF output 

current or the RF plate current. 

z 
Q = __ ...___ __ 

~ 
and 

icirculating = i X Q 
p 

Where: i = The cavity RF circulating current circulating 

i = The plate RF output current. 
p 

The inductive reactance required if the 
cavity resonant circuit had lumped con­
stants of Land C. 

This will be dicussed later under electrical parameters. 

RF CIRCULATING CURRENTS IN THE OUTER CONDUCTOR 

When current flows on one conductor of a transmission line an equal magni­

tude and current flows in the opposite direction on the other conductor. This 

means that a large value of RF circulating current is flowing in the cavity amp­

lifier's outer conductor (the cavity box). All of the outer conductor's circu­

lating currents start out at and return to the screen grid. 

The back access panel (door) of the cavity is part of the cavity outer 

conductor and large values of circulating current flow through it, into it, 

and out of it. The amplifier must never be run with the back panel removed 

or any of the fasteners loose or damaged. 
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The mesh contact strap electrically connects the back panel to the rest 

of the cavity . If a fastener is loose or damaged, or the back panel is loose, 

or the mesh contact strap is damaged or defective, arcs will develope between 

the cavity box and that area of the back panel. Once an arc forms, the arced, 

pitted surface forms an insulator to the flow of RF currents. The arced surface 

can be cleaned but the surface must be flat to insure a good electrical con­
tact. Any pit mark left by or under the mesh will cause a reoccurance of the 

arc. 

THE SCREEN GRID'S RF PATH 

The screen grid is connected to the screen contact ring on the tube base 

by a cone constructed inside the tube. The purpose of the cone is to greatly 

reduce the stray inductance and lower the RF resistance caused by skin effect. 

To take advantage of these parameters, the RF currents should flow evenly up 

all parts of the screen grid assembly. In Figure 28, one screen bypass capacitor 

is shown. This would cause all of the RF circulating current to flow at one 

point of the screen a ssembly and upset the field, increase skin effect losses, 

and value the apparent stray inductance would appear greater. 

If the number of screen bypass capacitors were increased to two, the RF 

current distribution would improve. If eight bypass capacitors are used, see 

Figure 29, the RF current is evenly distributed throughout the screen assembly, 

less skin effect losses and lower stray inductance would result. 
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cavity box 

screen grid 
assembly 

FIGURE 28 - If one screen bypass capcitor is used, an uneven distribution 
of RF current will result. 

cavity box 

FIGURE 29 - Eight evenly spaced bypass capacitors cause the RF circulating 
current to divide evenly around the screen assembly. 
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THE F.M. 25 K QUARTER WAVELENGTH P.A. CAVITY 

The quarter wavelength cavity is much simpler than the half wave-

length cavity just discussed. It has one coarse tune and one fine tune 

control. Since the quarter wavelength cavity is shorted at the far end, 

a plate blocker capacitor must be used to isolate the D.C. plate voltage 

from ground. 

front panel 
movable tuning 
capacitor plate 

hinge 

stationary 
capacitor 

DC plate 
voltage in 

kapton plate 
blocker 

capacitor~ 
assembly* 

~---+--inner conductor and 
exhaust chimney 

screen contact finger 
~--+---- stock ring 

DC screen voltage feed point ( 
insulated 

cpton 
feed-through 

(polymide blocker) 

*parts of plate blocker 
1. inner tube 
2. polymide film(kapton) 0.005" X 8" X 11ft 5 wraps 
3. outer anode blocker shell 

FIGURE 30 - The FM 25K Quarter Wavelength Cavity 
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Figure 30 shows a drawing of the quarter wavelength F.M. cavity. 

The plate of the tube connects directly to the inner half of the exhaust 

chimney (the inner tube of the plate blocker). The other part of the 

chimney (the outer anode blocker shell) is connected to the top of the 

cavity. The D.C. plate voltage is present on the inner tube of the chimney 

and is isolated from the grounded outer shell of the chimney by the plate 

blocker capacitor. The plate blocker is formed by wrapping the outside 

surface of the inner tube of the chimney with five wraps of eight inch wide 

0.005 inch thick polymide (kapton) film. The screen contact fingerstock 

ring is mounted on a metal plate (the screen blocker assembly) which is 

isolated from the grounded cavity deck by a kapton (polymide film) blocker. 

The D.C. screen voltage is fed from underneath the cavity deck through an 

insulated feed through arrangement with one of the corner mounting screws. 

tube anode (plate) 

r----
1 
I 
I 
I 
I 

chimney 

1 
4 

--====:::=l;::::==::::LJPlate blocker lu-1 I I 
I I ~-----,,.. I 

I 

I ✓----~ I 
. I \ I / 1 \ I 

capacitors 

:_ - - - / ~r~en 't-:.-( \_ - - - j 
~~\ 
gri screen bypass capacitors 

FIGURE 31 - The path for RF circulating currents in the quarter 
wavelength cavity. 
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The cavity is slightly shorter than a quarter wavelength. This makes 

the load inductive and it resonates the tube's output capacity. Thus, the 

physically foreshortened shorted transmission line is resonated and electrically 

lengthened to one quarter wavelength. 

The RF circulating current flows from the plate, through the plate 

blocker capacity, and along the inside surface of the cavity (skin effect). 

It flows up the chimney (the inner conductor), across the top of the cavity, 

down the inside surface of the cavity box (the outer conductor), across the 

cavity deck, through the screen blocker, over the screen blocker plate, over 

the screen contact fingerstock, and into and up the screen grid. (See Figure 31) 

G-------------------------~ ---------------- --·-----

I< A 
4 

shorted 
end 

I t • • t • 
I • • • • current 

• • • 

, 
t 

• •• 
~ .. 

• • 

600.!l.. to 1000.n loacations 

~ 

FIGURE 32 - Graph of RF current ( ..... ),RF voltage (----) and RF 
impedance (---) for a quarter wavelength shorted 
transmission line. Notice that at the feed point RF 
current is zero, the RF voltage is maximum, and the RF 
imp edance is infinite, 
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A graph of RF current, voltage, and impedance for a shorted, quarter 

wavelength coaxial transmission line shows infinte impedance, zero RF current , 

and maximum RF voltage at the feed point. This would not be suitable for a 

tube ' s plate impedance as the mismatch would cause arcing and poor efficiency. 

A point on the graph slightly less than 
4 

is marked. This length yields 

an impedance of 600 to 800 ohms and would be ideal for the plate, (See Figure 32) 

The output capacity of the tube shunts the transmission line that forms 

the cavity and electrically lengthens it. It is now necessary to physically 

foreshorten the shorted coaxial transmission line (the cavity) to slightly 

less than 
4 

This shorter length is the required length from Figure 

32 that will present the required plate impedance. 

Figure 33 shows a graph of the RF current, voltage, and impedance pre­

sented to the plate of the tube as a result of the physically foreshortened 

line . This plate impedance now appears to be closer to the ideal 600 to 800 

ohms required by the tube's anode. 
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FIGURE 33 - Graph of RF current ( ...... ),RF voltage (------) and 
impedance(---) produced by the physically fore­
shortened coaxial transmission line cavity. 

COARSE TUNING 

The cavity coarse tuning is accomplished by adjusting the cavity length. 

The top of the cavity (the cavity shorting deck) is fastened by screws and can 

be raised or lowered to set the length of the cavity for the operating frequency. 
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FINE TUNING (PLATE TUNE) 

The cavity fine tuning is accomplished by the variable capacity that 

is built into the cavity. One plate of this capacity (the stationary plate) 

fastens to the inner conductor just above the plate blocker. The front panel 

movable tuning plate is fastened to the cavity box (outer conductor) and 

is linked to the plate tuning control. This capacity shunts the inner con­

ductor to the outer conductor and can vary the electrical length and the res­

onant frequency of the cavity. 

THE SCREEN BLOCKER ASSEMBLY 

The screen blocker assembly (bypass capacitor) is formed by a metal 

plate, the deck of the cavity, and a kapton (polymide film) insulating 

sheet. The RF circulating currents that enter and leave the screen grid 

follow the surface of the plate, and pass through the kapton blocker to 

the cavity tube socket deck at the edge of the plate. 

THE CAVITY ACCESS DOOR 

The cavity access door is part of the outer conductor of the coaxial 

transmission line. Large values of RF circulating current flow along the 

inner surface of the door , so it must be fastened securely to prevent arcing·. 
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INDUCTIVE OUTPUT COUPLING 

The output coupling circuit is the same for the quarter wavelength and 

half wavelength cavities just discussed. Both are inductively coupled to 

the output. In both cavities, the coupling is on the side opposite the cavity 

access door. The inductive pickup for the half wavelength cavity is a short 

length of transmission line inner conductor that is terminated by the loading 

capacitor (See Figure 27). For the quarter wavelength cavity, the inductive 

pickup loop is a half loop of flat copper bar stock that terminates in the 

loading capacitor at one end and feeds the output transmission line inner 

conductor at the other end. In both cavities, the inductive pickup is position­

ed at a maximum current point in the cavity. They are coupled lightly so that 

changes in the loading will have minimum effects on the plate tuning. 

Adjustment of the loading capacitor matches the 50 ohm transmission line 

impedance to the impedance of the cavity. Heavy loading, clockwise rotation 

of the loading control (minimum capacity) lowers the plate impedance presented 

to the tube by the cavity . Light loading reflects a much higher load imped­

ance to the amplifier's plate. 

THE SECOND HARMONIC TRAP 

Both cavities have the same type of second harmonic trap in their out­

put transmission line (See Figure 34). The trap is connect ed to the output 

transmission l i ne by a t ee. A It is -
2
- a t the second h a rmonic fr e que ncy a nd 
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the far end is shorted. The short is repeated at the tee and effectively 

shorts the cavities output transmission line at the second harmonic fequencies. 

Any energy at this frequency leaves the cavity , travels down the transmission 

line to the short, and is reflected back into the cavity an.d cancels the -second 

har monic energy present at the "T" due to the 180° phase reversal incurred in 

the reflection at the end of the filter. It does not get to the antenna. 

to antenna 

output transmiss ion line~ 

cavity 

FIGURE 34 - The Se cond Harmonic Trap. 

'-s 

d1= A/2 at 2nd harmonic 
frequency 

2nd ha 
horted stub 
rmonic trap 

At the f undamenta l frequenc y of the ampli f i e r, the trap i s ?i 
4 

long. 

The short at the end reflects as an op e n one- qua rt er wavelength away ~t the 

t ee and do es not int er fe r e with the fund amenta l fr equency ener gy trave l i ng 

down the transmiss i on line to the antenna . 
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Some additional notes on coupling will be useful. Coupling refers to 
the methods used to transfer the R.F. energy from the cavity that resonates 
the active power amplifying device (tube) to the output transmission line. 
Television R.F. power amplifiers use coupling to transfer energy from the 
primary cavity to the secondary cavity. Coupling in tube type power amp­
lifiers usually matches a high (plate or cavity) impedance to a lower out­
put (transmission line) impedance. 

Light coupling produces light loading and results in a high plate 
impedance while heavy coupling results in heavier loading which lowers 
the plate impedance. Loading and plate impedance-wi±l--be- discussed in 
greater detail later in this report, but for now a few notes about plate 
impedance are in order. 

Maximum output power_coincident with good efficiency and acceptable 
dissipation dictates a definite plate impedance for a cavity of given 
design. This plate impedance is also dependent upon the values of DC 
plate voltage (Ep) and plate current (Ip). 

Plate impedance dictates the cavity parameters of loaded Q, RF 
circulating current, and bandwidth. 

1. Loaded Q is inversely proportional to the plate impedance 
and controls the other two cavity parameters listed. 

Loaded Q = Zp 
XL 

where~= cavity inductive reactance 

Z = cavity plate impedance 
p 

2. Circulating current in the cavity is much greater (by a 
factor of the Ioaded Q) thu~ the RF current supplied by 
the tube. 

where: ip 

Circulating current= Q (x) ip 

the RF current supplied to the cavity by 
the tube 

3. The cavities bandwidth is dependent on the loaded Q and the 
operating frequency. 

Bandwidth= Fr 
Q 

where: Fr= Cavity Resonate frequency. 

Capacitive (electrostatic) and inductive (magnetic) coupling methods 
are used in RF amplifiers. 
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MAGNETIC COUPLING 

Both the 1/4 and 1/2 wavelength cavities discussed use magnetic 
coupling. 

Magnetic coupling employs the principal of transformer action and 
depends upon three conditions: 

1. The cross sectional area under the coupling loop compared to 
the cross sectional area of the cavity, see Figure 1. 

(A.) This compares to the turns ratio of the 
transformer. 

2. The orientation of the coupling loop to the axis of the 
magnetic field, see Figure 2. 

(A~) The coupling is proportional to the cosine of 
the angle which the coupling loop is rotated 
away from the axis of the magnetic field. 

3. The amount of magnetic field that the coupling loop intercepts. 
(A.) The greatest magnetic field will be found at the 

point of maximum RF current of the cavity. This 
is the place where maximum inductive coupling is 
attained. 

(B.) Greater magnetic field strength is found closer 
to the center conductor of the cavity, thus coupling 
is inversely proportional to the distance of the 
coupling loop from the center conductor. 

EXAMPLE: The effects metioned above are similar to the operation 
and adjustment of a variable directional coupler probe 
used to sample forward and reflected power in a trans­
mission line. 

THE 1/2 WAVELENGTH CAVITY 

In the 1/2 wavelength cavity that was discussed previously, the coupling 
loop is located just above the tube, see Figure 3, and magnetically links 
the center conductor at that point to the coupling loop. 

The two methods used to electrically lengthen the transmission line 
and influence the amount of coupling are: 

1. The anode straps which are located before the coupling loop. 

2. The rotary arm which is located after the coupling loop. 
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The proper adjustment of these two coarse tuning controls: 
1. Places the maximum RF current point of the center conductor 

under the coupling loop, 

2. Sets the electrical length of the plate line. 

These in conjunction with the loading control, discussed later, sets 
the plate impedance of the P.A. tube. 

THE 1/4 WAVELENGTWCAVITY 

In the practical 1/4 wavelength cavity the position of the coupling 
loop is fixed. The short is movable as a coarse tuning adjustment. 

The maximum RF current point is located at the short. If the coupling 
loop is located at this maximum current point, the magnetic coupling to the 
loop occurs from the inner conductor of the cavity and the short, see 
Figure 4. When the short is moved to change frequencies, the amount of the 
coupling also changes (due to-changing distance between the short and the 
coupling loop). This effect is eliminated by moving the coupling loop away 
from the short so that the coupling occurs from the inner conductor only. 
This location is at a point of lower RF current, but sufficient coupling 
can be achieved. 

If greater coupling is desired, for example, to lower the cavity Q 
and broaden the bandwidth, the coupling loop (as shown in Figure 5) can 
be made from a piece of wide, flat bar stock. This will still result in 
magnetic coupling, but the greater surface area will also capacitively 
couple energy from the cavities center conductor to the coupling loop. 

By using both capacitive and inductive coupling, a large value of 
coupling is available at a location that is not at the maxiumum RF voltage 
or current point. This offers two advantages: 

1. Good isolation of the amplifier from changes in the load. 

2. The provision for changing the coupling, as dictated by 
different operating frequencies, by varying the width 
(capacity) of the coupling loop. 

In both the 1/4 and 1/2 wavelength cavities, the coupling loop feeds a 
50 ohm resistive transmission line (load). The loop is in series with the 
load and has considerable inductance. This inductance will reduce the RF 
current that flows into the load thus reducing .the output, This effect is 
overcome by putting a variable capacitor in series with the coupling loop, 
see Figure 3 and 5. The load is connected to one end of the coupling loop 
and the variable capacitor connects the other end of the loop to ground. 
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The variable capacitor cancels some or all of the loops inductance. 
This is the amplifier's loading control. 

Maximum load current and output power occurs when th~~loading capacitor 
cancels all of the inductance of the coupling loop. This lowers the plate 
impedance and results in heavier loading. 

Light loading results if the loading capacitance does not cancel all of 
the coupling loop's inductance. The loop inductance that is not cancelled 
causes the load current and the power output to be reduced and the plate 
impedance to be raised. 

CAPACITIVE COUPLING 

Capacitive coupling, which physically appears __ straightforward, - often 
baffles the technicians due to its unique characteristics. 

Figure 6 shows a cavity amplifier with a capactive coupling plate 
positioned near its center conductor. This coupling plate is connected to 
the output load, which can be- a transmission line or a secondary cavity. 
Figure 7 shows a cavity that is used as an 18 KW T.V. visual power amplifier 
when the secondary cavity is capactively coupled to the primary cavity, or 
a 10 KW aural cavity when the aural secondary capacitively couples the cavity 
amplifier directly to the transmission line. 

Parameters that control the amount of capactive coupling are: 
1. Area of the coupling capacitor plate 

(A.) Larger area= greater coupling 

2. Distance of coupling plate to the center conductor. 
(A.) Greater distance= less coupling 

3. Greater capactive coupling occurs when the coupling plate 
is at the maximum voltage point on the cavities center conductor. 

To understand the effects of capactive coupling the equivalent circuit 
of the cavity must be observed. In the equivalent circuit shown in Figure 8, 
the cavity appears as a parallel resonate circuit with the tube connected in 
parallel with it. The plate blocker capacitor isolates the tube's DC voltage 
from the cavity. Physically the coup1ing capacitor and output load are in 
series (see Figure 8), but electrically they appear to be in parallel as shown 
in Figure 9. The attached series to parallel chart (Table 1) shows how the 
resistive component of the equivalent paralle l circuit is increa sed by the 
coupling reactance. The equivalent parallel coupling reactance is absorbed 
into the parallel resonate circuit, thus explaining the necessity to retune 
after changing coupling (loading). The coupling (or loading) reactance can 
be a series capacitor or inductor. 

-4-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

NOTICE: In the double tuned cavity amplifier shown in Figure 7, 
coupling is controlled by a series capacitor (the coupling 
plate) and loading is controlled by a series loading inductor. 

The series to parallel transformations are accomplished by the formuli 
listed below. 

and 

Resistive Series Coupling Equivalent Parallel Circuit 

toad Capacitive or Transformed Transformed 
Impedence Inductive reactance . "'~ -Resistance Reactance 

(Plate Impedance) 

50 ..n. 100 .fl.. 250 ..f'l.. 125 ..!"I-
·- ·· .. 

SO.I\.. 200 A 850 .I\. 213 J'\. 

so .J'\. 300 Ji- 1850 .n. 308.A 

so .J\. 400 J1. 3250A 406 .r,... 

TABLE 1 The effects of the series coupling reactance on 
plate impedance. 

HEAVY LOADING 

Heavy loading, or large coupling, lowers the plate impedance and cavity Q. 

The effects of lower plate impedance are: 
1. Higher RF and DC plate currents. 

(A.) Remember: Lower Q reduces the cavities' RF circulating 
current. 

In some cavities high circulating currents can 
cause cavity heating and premature failure of 
plate and screen blocker capacitors. 

2. Reduced RF plate voltage. This reduces the swing of DC plate 
voltage. 

(A.) The instantaneous plate voltage is the result of the 
RF plate voltage added to the DC plate voltage. 
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3. The reduced swing of plate voltage causes less positive DC 
screen current to flow. 

(A.) Positive screen current flows only when the plate 
voltage swings close to or below the value of · 
positive screen grid voltage. 

ANALYSIS OF HEAVY LOADING 

The DC plate current increases but the DC plate voltage stays constant, 
therefore the DC imput ·power will increase. 

Any change in RF output power is dependent upon the new RF plate impedance. 
There is one value of plate impedance that will yield optimum output power, 
efficiency, dissipation, and dependable operation. It is dictated by cavity 
design and the values of the yarious DC and RF voltages and currents supplied 
to it. 

If the RF output power increases, efficiency may increase but it will 1 
decrease if the RF output power stays the same or drops. 

LIGHT LOADING 

Light loading, or low coupling, raises the plate impedance and cavity Q,. 

The effects of the higher plate impedance are: 
1. Reduced RF and DC plate current. 

(A.) Remember: Higher cavity Q will increase the cavity 
circulating currents which could damage some cavities. 

2. The RF plate voltage increases, thus the DC plate voltage will 
swing further from its average value. 

(A.) The higher cavity RF or peak DC voltages may cause 
arcing. 

3, The larger swing of DC plate voltage causes it to dip closer 
to or below the screen grid DC voltage. The result will be 
a greater DC screen current. 

ANALYSIS OF LIGHT LOADING 

The DC plate voltage is constant (set by the power supply) and the lower 
DC plate current reduces the tube's DC input power. The RF output power may 
or may not change depending on the plate impedance and cavity design while 
the efficiency will probably increase, or at worst remain constant. Caution 
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must be exercised because the increased RF voltage and circulating current 
may cause cavity arcing, overheating, or other problems such as shorted 
capacitors. The manufacturers reconnnendation for the operation of the cavity 
and P.A. tube should be observed. 

SCREEN GRID CURRENT 

The screen grid of the P.A. tubes is operated at a positive DC potential. 
The instantaneous screen grid current will be positive when the plate voltage 
swings near to or below the DC screen grid voltage and can become negative 
(the screen grid emits electrons) at the most positive swing of the plate 
voltage. The screen current meter reads only the average (DC) screen current. 

SCREEN GRID VOLTAGE 

If the screen grid voltage is high greater plate current and output 
power can be produced for a given plate voltage, but the plate voltage will 
reach the DC screen voltage- more quickly on its negative swing. This will 
cause a higher positive DC screen current to flow and necessitates operating 
with a lower plate impedance (heavier loading and/or more coupling). 

A lower screen grid voltage allows the plate voltage to swing further 
but it lowers the tube gain and the amount of plate current that will flow. 
This requires a higher plate impedance for proper operation. 

THE SCREEN GRID SUPPLY 

The screen grid supply must have provisions to allow negative DC 
current to flow since the screen grid can operate under that condition. This 
can be accomplished by the bleeder resistor in the screen supply. 

If the supply is well regulated the DC screen grid voltage will not drop 
when positive screen current flows. Two conditions result from this. 

1. With light loading and proper tuning the flow of positive 
screen current can become quite large causing the screen 
grid to overdissipate and become damaged. This necessitates 
screen grid current metering and overload protection. 

2. As the plate tuning is adjusted the plate current remains 
constant , due to the stiff screen grid voltage. The plate 
is tuned for maximum output power. 

The screen grid supply can deliberately have poor regulation so that 
when excessive positive screen current flows the DC screen grid voltage 
drops. Under these conditions the screen grid can not be overdissipated, 
therefore the requirement for screen grid metering and overload protection 
is reduced. 
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When tuning and loading conditions cause a larger positive DC screen 
grid current to flow the screen voltage drops, due to the poor regulation, 
causing the plate current to reduce. Proper tuning is indicated by a dip 
in plate current and the desired output power is obtained only when proper 
tuning and the correct loading is achieved. 

CONCLUSION 

The mystery of cavity amplifiers vanishes when one discovers that all 
that is required to understand them are the basic principles of AC and DC 
theory, amplification, active devices, transmission line theory, and math 
that can be preformed on a simple calculator. The only mystery is the 
lack of material that explains to the technicians how all the above 
principles combine. I have tried to accomplish this in these papers. 
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Output 
Transmission 
Line 

1;r-------4--L_Plate blocker 
capacitors 

Cross sectional----~ 
area of cavity 

Tube anode (plate) 

grid 

-----Screen bypass 
Capacitors 

FIGURE 1 Shows one of the factors that determines the amount of 
coupling is the area under the coupling loop compared 
to the cross sectional area of the cavity. 
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Magnetic axis for 
maximum coupling 

r-- Outer Conductor 

Coupling loop 

Rotation of loop 

FIGURE 2A 

~ __ -□~----+--- Inner Conductor 

Top view of a cavity showing the coupling loop 
rotated away from the axis of the cavities 
magnetic field. 

Short 
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magnetic coupling 
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~ ....--------

Coupling looP----1---------, 
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Rotation of loop 

Tube anode 
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FIGURE 2B 

~i 
Screen by pass capacitors 

Cutaway view showing the coupling loop rotat e d 
away from the axis of the cavities magnetic field. 
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output 
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I 
2nd harmonic trap 

----- -- ------

inner conductor 

~-----!---rotary section 

loading capacitor/ 
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FIGURE 3 - Showing side view of cavity, and the location of the inductive 

coupling loop 
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Output 
Transmission 
Line 

Movable Short~( l ~I {Center UI~{----~) •~<----➔) 
Conductor) 

Coupling loop---_,.~ 

FIGURE 4 

.L-
4 

:--------+---+-- Plate blocker 
capacitors 

When the coupling loop is at the maximum current 
point of the¼ wavelength cavity , coupling is 
obtained from the center conductor and the short. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

O
u

tp
u

t 
T

ra
n

sm
is

si
o

n
 

L
in

e 
to

 
L

o
a
d

-?
 

L
o

ad
in

g
 

C
a
p

a
c
it

o
r 

DC
 

p
la

te
 

'v
o

lt
ag

e 
in

 

k
ap

to
n

 p
la

te
 

b
lo

c
k

e
r 

c
a
p

a
c
it

o
r
~

 
as

se
m

bl
y,

~
 

-
-
c
a
v

i
t
y

 s
h

o
rt

in
g

 
d

ec
k

 

in
n

e
r 

co
n

d
u

ct
o

r 
an

d
 

ex
h

au
st

 
ch

im
n

ey
 

O
u

tp
u

t 
T

ra
n

sm
is

:·i
o

n
 L

in
e 

I r 
C

e
n

te
r 

C
o

n
d

u
ct

o
r 

C
o

u
p

li
n

g
 

L
oo

p 
-
-
-
-
-

sc
re

e
n

 c
o

n
ta

c
t 

fi
n

g
e
r 

-
-
-
r
1

-
-
-

st
o

c
k

 r
in

g
 

, 
1 

1 
11

1 
,
~

s
c
r
e
e
n

 b
lo

ck
er

 
as

se
m

b
ly

 

K
ap

to
n 

(p
o

ly
m

id
e 

b
lo

c
k

e
r
)
-
-
=

.=
J
 

DC
 

sc
re

e
n

 v
o

lt
a
g

e
 

if
ee

d
 

p
o

in
t 

FI
G

U
R

E 
5 

In
su

la
te

d
 

fe
e
d

-t
h

ro
u

g
h

 

*
p

a
rt

s 
o

f 
p

la
te

 b
lo

c
k

e
r 

1
. 

in
n

e
r 

tu
b

e 
2

. 
p

o
ly

m
id

e 
fi

lm
(k

a
p

to
n

) 
0

,0
0

5
" 

X
 8

" 
X

 1
1

ft
 5

 w
ra

p
s 

3
. 

o
u

te
r 

an
o

d
e 

b
lo

c
k

e
r 

s
h

e
ll

 

T
he

 
FM

 
25

K
 

Q
u

ar
te

r 
W

av
el

en
g

th
 C

av
it

y
 

sh
o

w
in

g
 

th
e
 p

o
si

ti
o

n
 

o
f 

th
e
 

c
o

u
p

li
n

g
 

lo
o

p
. 

I
t 

is
 
a
t 

a 
p

o
si

ti
o

n
 w

h
er

e 
th

e
 R

F 
c
u

rr
e
n

t 
an

d
 

R
F 

v
o

lt
a
g

e
 a

re
 
n

o
t 

a
t ·

 t
h

e
ir

 m
ax

im
um

 
p

o
in

t.
 _ 
. .

.. .
. .

. 
•·

· ·
··-

· -
·-

-
·· 

·-
-·

· ·
 -

··
·-

-
--

· 
·-

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Output 
Transmission 
Line 

\ Output 
Transmission 
Line Center 
Conductor 

Capacitive 
Coupling 
Plate 

Chimney .-------./\f (Cavity 
Center Conductor) 

'A. 
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l Tube anode 
(plate) 

capacitors 

FIGURE 6 A quarter W3velength cavity with capacitive 
coupling to the output load. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

F
IG

U
R

E 
7 

c,:
 1J

J
 ,
,
,
,
 

~
 

}. E
G

I 

.... _, 
\,

 

E
 l fl\.. 

IN
P

U
T

 
T

U
N

IN
G

 
C

O
N

TF
O

.. 

r I 

'{[
[[

![
[]

},
 

E
,z

 

C
o

u
p

li
n

g
 

P
ri

m
ar

y
 

T
u

n
in

g
 

L
o

ad
in

g
 

(S
e
ri

e
s 

In
d

u
c
ti

v
e
) 
j_

] 

C
O

U
P

LI
N

G
 

S
ec

o
n

d
ar

y
 

T
u

n
in

g
 

AU
RA

L 
SE

C
O

N
D

A
R

Y 

A
 d

o
u

b
le

 
tu

n
ed

 
1

/4
 w

av
el

en
g

th
 
c
a
v

it
y 

u
s

ed
 

a
s 

a 
T

.V
. 

v
is

u
a
l 

a
m

p
li

fi
e
r.

 
I
t 

h
as

 
c
a
p

a
c
it

iv
e
 

co
u

p
li

n
g

 
to

 
a 

se
co

n
d

ar
y

 
c
a
v

it
y

. 
If

 
th

e 
a
u

ra
l 

se
co

n
d

ar
y

 
(s

ho
w

n 
to

 
th

e
 
ri

g
h

t)
 

re
p

la
c
e
s 

th
e
 

se
co

n
d

ar
y

 
c
a
v

it
y

, 
it

 
be

co
m

es
 

a 
si

n
g

l e
 

tu
n

ed
 

c
a
p

a
c
it

iv
e
 c

o
u

p
le

d
 

1
/4

 w
av

e
le

n
g

th
 
c
a
v

it
y

 
am

p
li

f
ie

r 
th

a
t 

is
 

u
s

ed
 

i n
 

T
.V

. 
a
u

ra
l 

se
rv

ic
e
. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

+ H.V. 

Plate Blocker 

I 

Screen J Blocker 

r 
Tube 1/4 wavelength 

FIGURE 8 The equivalent circuit of 
a 1/4 wavelength cavity 
amplifier with capacitive 
coupling. 
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I Load 

Resistance I 

1----- -- --·-1 
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FIGURE 9 

R.F . C. 
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Coupling 
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I 

0 I 
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+E 
sg 

Screen J Blocker 

1 J, 
1/4 wavelength 

cavity 

The equivalent circuit of a 1/4 wavelength cavity amplifier 
showing how the series capacitive coupling appears electrically 
to the tubes plate as a parallel circuit. 

I 
- _1 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

D
SM

 
T

~-lEO
R

Y
 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

!'"/4 
L ·s, 

I LEFT -I --

/r 
\; 12 

LOW PASS e1 (+) 

/6 
,......._ ___ _j FILTER 

RIGHT 

SUB CARRIER 
OSCILLATOR 

Wo = 2rr(38hkz) 

( PRIOR ART) 

FIG. I 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

PILOT SIGNAL 
~ (SUBCARRIER 

AMPLrTUDE) r .(3
X

3
BKH~ (5X.38KHr 

l9KH
3 

38KH3 1!4KH3 !90H:z-

2 

! 
20 40 60 8J I00~/20 /40 /0) /80(00 220 

\. l3rd HAC?,v!ON!C 
\. FUNDAMENTAL t ( L- R ) 

BASEBAND ( L+ R) . ',_ .__ 5
th 

HARMONIC 

FREG 

L+R 

LSB use> 

2.0 . 4'.) 60 

FIG. 2(8) 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

14 20 
s, K, 

K1 S1 

"'1~ 
12 \') 

"f e I (t) f._.-(L. 70 'v e
2
(t) LOW PASS 

(}(I-.✓$' FILTER 
/0 

I • 

I i? 
/6 22 

S2 I K2S2 .((l-~ 
K2 r:t,; 

I 
~ / 

I 

' SUB CARRIER 
.r/B OSCILLATOR 

Wo = 2rr ( 38hkz) FIG.J 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

PILOT SIGNAL 

· ~ (SUBCARRIER /3X38KH . 
AMPLrTUDE) ), ~ ~ (5X.38KH~ 

/9KH
3 

38KH
3 

1!4KH3 l90H:z-

2 

{ 

20 40 60 BJ /00 t/20 /40 1€0 180(00 220 

'" 3
rd 

HAF?i'v!ONIC 
\ FUNDAMENTAL ( L- R ) 

BASEBAND ( L+ R) . 5
th 

HARMONIC 

FREQ 

L-+R 
FIG. 2 (A) 

_,.,....._. I 
-

1..SS usf> 

20 4J 60 

FIG. 2(8) 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

) '? " f• t 
sa ,.,,, / ,. 

-4fb-

'] t)(lH 

AvJ i..tP. 
fl V I)/ 0 

+ 
( ro - / ',/{ It'!,) 

/ 

- -- I 

..:<, ,LiouJ ;i'J '-'J< 

;fr,-yi:'ct - L 
,'r, ;_s ,fl .,,.-ea ,,,5 

l \ '-j /<: It 'r 
·3r ,9 /ff\ C<.. 
$ ci.,,.. pl e 

OJ",Jb 

\ IYl(Hi 
L-{{ 
Avoio 

n 
V 

{__'l'l -f~'I KH- 7} 

42 

LEFT 

9.542db 
PAD 

114 
40 KH3 38KH3 ~ 

.+ 
etCt) 

I 

9.542db 
PAO 

44 
RIGHT 

s 

FIG.4 

b ·a·,·re + ,1 a u"t ( 
I· 1 '' 

::. - R ()/.,,.,.../ 

J.- -;- (2 v v,t-~ I L.~/2. c. L - /<. 

F UJJ 'i>li/"lf:N lf! L 

- // L/)Uf-t 

sa-P'" 
n n 0 o cro 

58 -------'--30.44 db 
PAD 

60 
30.44d 

PAD 

46 

( . 

56 
LINEAR -. 

~~PHASE FILTER 

19 
KH3 

:2 , SJ!, ~d."lrl'I! ~h e av&,u "' 'tt,_ 1 1YkH't 5 1.,. ,, p.-L f'.v-1-
l'i ov"'." 0-f- y , ;Sc. v., ,t-\\ 3r0 i+AR... of- 3'?"g 

Th1S <;&;,srle b' ')/6.nai. 9"" e,at-., ,s (1..---,.:...) '51 0 t. 

b""t'is ho+ wi )/ be. c;vt· er f~Se ,..,,+" 
tl.e ""3, -fl 1-+<t , 11'-/Y-ltc c,_ o.U 4,;I( ( ~,,c. e.l f"I\ ,: 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

/, 

Ctl' n c ef • 

Oo F-..,-.9 . ~8- )0t~ $-. -,.,pl~ Sll'l~-w,111'-., T~I{ IS 

1.vh d IS { ee., Q V\ St o f 12.. 

4-20. The output of the sum amplifier feeds the output amplifier through 
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Fig. 5. Functional blocks of a time division multiplex stereo generator. 
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Fig. 7. Time domain and frequency domain diagrams of stereo baseband signals. 
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Fig. 8. Functional blocks of stereo decoders using (a) L+ R and L-R matrixing and (b) phase-locked time-division multiplexing. 
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