~ CHAPTER 6
Valve Ampl#iers

D.G. Amphﬁer. Suppose some such devlce as . a photocell

'thel‘llmcﬂuple or glass-electrode for pH measurements produces }

a small direct current of the order of 1 wA., which it is required
to amplify so that it can be registered on a millianimeter, or made
to actuate a circuit requiring greater power than-the device itself
yields. A basic circuit arrangement whereby this can be arranged is
indicated in ﬁg 48, Where a trlode valve is used as a. D.C. a.mpllﬁer
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FIG 48 Ba,sm D. 0 Amphﬁer Clrclut

 The sm&ll cm?rent a.vaﬂable is caused to pass through 8 Tesis-

tance of, say, 1 MQ. Thus a current of 1 pA. passed through
-1 M Q. will produce a P.D. of 1 V. This P.D. is placed across the
grid-cathode of a triode valve in series with a negative grid bias.
‘The negative grid bias is large enough to prevent the grid going

‘positive, and so drawing grid current on application of the D.C.

input. The input resistance of the triode is therefore high, of the
order of 5 to 8 MQ. for an ordinary triode valve. Positive ion
current and electrical leakage prevents the input resistance
of a normal valve from being higher, though these disadvantages
can be overcome using a special type of electrometer triode.

The great virtue of the triode valve as a D.C. amplifier lies in

its high input 'resiatame, since it enables an F.M.F. input of high '
internal resistance and low current to be applied without damping,

i.e. the high resistance is not reduced by a lower resistance due to

the valve being put in parallel with it. Even so an input E.M.F.

‘source of resistance greater than 2 MQ. cannot be eﬁeabwely

employed using a standard triode in a normal circuit. -
If the triode of the circuit has a mutual conductance of, say,
2 mA./V. at the anode potential used, then the anode current

T 'ch&nged by the 1 V. P.D. applied to the grid, by 2 mA. Hence

a device giving a current ol only 1 pA. has given rise to an anode

" current change of 2 mA. This is & D.C. current amplification of
2mA./1¢A., or 2000 times. Likewise, if the H.T. battery potential

is raised so as to accommodate in the valve anode circuit a series
resigtance of 50 k Q., and yet achieve the same anode potential as

before, despite the D C. volts drop in this anode load, then the

change of 2 mA. across 50 k Q. produces a voltage change across .
the load of 2 /1000 X 50,000=100 V. A grid potential change of
1'V. has then given rise to-an anode potential change of 100 V.;

a D.C. voltage amplification effect of 100 times is achieved.

Alternating Voltage Ampliﬁer Class A. A common re-

- gquirement, especially in radio receivers, is that a small alternating

potentlal should be amplified, without distortion of wave-form,

to give rise to a larger alternating potentml ThIE is achieved

using a triode Class A &mphﬁer cirouit.
The cireuit of fig. 49a is used. An anode load resistance R is
essential in order that a voltage variation of the anode is produced

by the variation of anode current due to the grld potential

changes. The valve mutual characteristic indicated in fig. 495
hence has to be the so-called dynamic characteristic, which is
obtained exactly as the static characteristic, but with thenecessary

'_ anode load resistance in the circuit. This load resistance will

reduee the mutual conductance g,, of the valve to a lower value
g,.!, and, moreover, the dynamic mutual characteristic will be
more linear than the static curve. If the grid potential is increased
positively, the corresponding i increase of anode current causes an

increased volts drop across the anode load resistance. Since the

actual anode potential is the H.T. potential minus the voltage

drop across the anode load, so the anode potential falls. As the
grid volts are increased so the anode volts are decreased, and, vice

versa, & decrease of grid volts causes an increase of anode volts



‘If the grid voltage is &lternatlng, then the anﬁde Volt&ge, mth an
 anode load resistance in circuit, alternates in anti-phase. Ob-
viously the change of 1 V. on the grid will produce an anode

voltage change which affects the anode current in the reverse

direction to the effect of the grld volts change. In other words

the static mutual conducta,nce is reduced to. the dynamw mutual

conductance.
In operating the a,mphﬁer w1thout dlstortlon, Ola,as A con-

ditions are observed

(1) The strmght portmn only of the dynamlc mutual chamci:ens- |
 tio is utilised, i.e. the input alternating potential to the grid must -

produce grid voltage changes which are such that the anode

current variations are in direct proportion. |
(2) The grid must not be driven positive, othermsa grld current

will flow, and power be drawn. from the mput souTOe, c&uamg _

- dampmg

Thus if the mput Volta,ge has a R.M.S. V&lue of 3 V then the

positive peak input volts is 34/2=4-2 V. The negative steady

| grld bias used must therefore be at least —4-2 V., so that the

alternating plus dmact inputs in series do not gwe rise to & poaltwe

grid. |
In aocord&nce Wlth requlrements (1) and (2), the sinusoidal

wave-form representing the input to the circuit of fig. 49¢ is

accommodated under the negative 5tra1ght portmn of the dynamic

characteristic of the chart, fig. 49b.

If the R.M.S. input volt&ge —-—EG; then the R.M.S. anﬁde-

current variation pmduced in series with the steady anode
current is g,,’ . g, where g,,’ is the dynamic mutual conductance

~ of the valve. Consequently, the R.M.S. value of the a,ltema,tmg

voltage across the anode load R, is g,," . Hgh.

The voltage amphﬁmtmn factor (V A, F) or stage-ga,m (m )' of -

'the 011'0111’0 18 deﬁned as

Output RM. S. volta,ge 0TO8S a,node load
"~ Input R.M.S. voltage to grld

m"gm R

This is not the most convenient stage-gmn formula to use in
pmctwe gince gm is not known unless it is obtained by plc:ttmg
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the mutual ch&mct&rlsmc for tha valve. mth the anode load to
be used. | |

valent to that of fig. 49a is shown in fig. 49¢.

 The valve is dispensed with in this circuit on the assumptmn :
that the cha,nge of potential B, on the grid is equivalent to an.
anode voltage change of pl,, by definition of the amplification

factor, pn. Across uk; there is effectively the anode load R, and the

'A.C. resistance of the valve B, in series. Since linear operation

of the circuit is pre- arranged so Ohm’s law is appllc&ble and the
R.M. S value of the series current in the circuit is

I=uB,[(R+R,).

Correspondmgly, ‘there appears across the anode load R, a
voltage wvariation of R.M.S. v&lue gwen by IR, equal to
uBg.B(R+R). - -

The gain m 18 therefore

e R =B, = ”R' .. (186)

~ Selection of Anode Load Resistance Value In ﬁg 50 a curve
18 plotted of galn vs. anode load remstance Rfora partlcular valve.
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As R1s 1nereased so the gain increases to a maximum value Of IL,

the valve amplification factor. It would therefore seem desirable

to use as high a value for & as possible. Agamst this congideration,

however, it must be realised that the presence of a great value |

Stage-Gain Formula._ A mrmut Whmh is eleotme&lly equl-— |

for R will introduce an excesswely l&rge D.C. volts dmp between
the H.T. supply and the valve anode. This voltage drop is
inevitable using a resistance load because of the necessary direct -

~anode current thrnugh the valve. In practice, therefore, a com-
- promise is adopted whereby to obtain the maximum output
alternating voltage without using an excessive H.T. supply, the
- anode load resistance is chosen to be three to fom' times the valve
 A.C. resistance. From the curve of ﬁg 50 it can be rea,dﬂy seen
~ that this does not produce any serious loss of gain. In such

circumstances the valve steady anode potentlal will be about one-

- third of the full H.T. supply volts.

‘Multi-stage D.C. Amplifiers. The circuit of ﬁg 48 can be_

- extended to obtain another stage.of amplification by using a
- second valve to amplify the output of the first, Thus a direct
_eurrent or voltage &mpllﬁc&tmn of, say, 100 times can be obtained

from each stage, giving a total amplification of 1002, or 10,000

times. Indeed, more stages can be added so that a very small '
- D.C. voltage input to the first valve can be magmﬁed by as much

as a million times: an mput of 1 V. can give rise to an output of

1 V. Thenretlc&lly, there is no limit to the total amplification
- obtainable in this manner, but a practical limit is set by “shot
“effect”, thermal agitation “noise”, and ﬂuctuatlons of H. T supply
voltages (see pp. 164 and 166). |

A circuit showing D.C. amphfymg st&ges connected in c&acade_

1is shown in fig. 51a.

A small input D.C. voltage applied to valve V, gmd gives rise to I
a larger voltage across the anode load R 1» between the points 4
and B. The point 4 is connected to the cathode of valve Vo via

- the H.T. battery of voltage E,; the point B is connected to the

grid of V, via a gmd bias battery of voltage V. The total D.C.
potential appearing across the grid to cathode of V, is therefore:
Hp—1 4 By—Vg,, where I, is the anode current of valve V,.

It the valve V, is to operate without grid current flow, then
this volta,ge must be zero, or somewhat negative, so the grid
bias battery supplymg Ve must h&ve a potentlal of at least

(1, Ry).

The chief disadvantage of such a method of connectlnn is,

therefore, the large grid bias battery required for the second stage.

Again, this amplifier exhibits a, tendency to “‘drift’’, which is more
pronounced the greater the amplification attempted. This drift
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- ¢, D.C, Amphﬁer due to H{}I'tﬂll

is partlcularly prevalent since any D. C supply potentlal cha.nge .

anywhere in the circuit, causes the potentlals in all suoceedmg
stages to vary.,

'As the input across R, to valve V, increases. posltwely, 80 the
anode eurrent 1,, increases, and the potential (&,— AIR )

deere&sea, c&uﬂmg a drop of the anode current I, of valve V,.
If more stages are added, each succeeding valve works alternately;

if the first, third and other odd stages undergo an anode current

increase, then the second, fourth and other even stages suﬂ'er an
anode current decrease.

Loftin and White* have dﬂvelt)ped a D C amphﬁm circenit

operated by single H.T. supply of E.M.F. equal to the sum of all

the grid and anode voltages. Such ampllﬁers can a,lao be used for.
A.C. operation (fig. 51b). | )
Hortont introduced an mgemous D.C. &mphﬁer eircuit i in whmh

the high A.C. resistance of a pentode valve (see p. 139) is used as
the anode load instead of the usual resistance. This provides an

effective anode load resistance of one to two megohms, yet without

introducing an excessive D.C. volts drop between the main H.T.

supply and the anode of the amplifier valve proper (fig. 51¢).
Multi-stage Low-frequency A.C. Ampliﬁers. The most

widely used amplifier for the magnification of &lternatlng voltages

or currents at frequencies less than 20 ke./s. is the resistance-
capacity coupled amplifier. Alternative circuits which give a
greater overall amplification, but with more distortion, are the

X choke-capacity coupled arrangement, and the tmnaformer coupled
_-amphﬁers of the series-fed and parallel-fed types.

'The Resistance-Capacity Coupled Amplifier (R.C.C. )« The
discussion on p. 120 shows that the alternating voltage input to -

the grid of valve ¥V, appears in amplified form across the anode '

load resistance R,. The circuit of fig. 52 enables this voltage to be

amplified again by making it the input to valve V,. The method

of connection, and a calculation of the &mphﬁcatwn obtainable,
can be appreciated by eonmdermg the equwalent electrlca,l clrcmt |
fig. 52b.
Let K, be the R.M.S. alternatmg voltage 11:1]:_)1113 to V, grid, and
m be the gain furnished by the first stage. The alternating voltage
component aecross the load resistance R, will then be mE,.
This alternating voltage mk, is, in effect, suppljnng a circuit
consisting of condenser C, and resistance R, in series. The
fraction of this voltage appeamng across R, is applied to valve
V, grid. The condenser () is essential to avoid the positive anode
voltage of valve V, bemg superimposed on the grid of valve V.



A decision as to the cdmponént .valu_es- C'G _&nd B, that should
be adopted demands consideration of the following factors:
across B, needs to appear across R, if the utmost p'os;?.i})le voltage
~ amplification is to be achieved. Since R; and C; in series form an
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- Tie. 52. @, Resiﬂt&n-ce-(}&p&ﬂity Coupled Ampliﬁar’.- b, Electrically Equ.iv'&lant
| S ~ Cirouit, o | |

AC potential "divider_ across the gupply of voltage 'mEG' from R,,
'so the reactance of the condenser C, neéds to be. sm_&]l_ compared
with the value of the resistance B,. From the formula on p. 51,

the voltage across R, is =~ .
o R m. B R,

B VIRE A+ (1/wP052)] o -

~where m: onf, f being the frequency of the 3,1§erna.ting voltage

“input. I | o

- If this expression is to be as nearly as possible equal to mZ;,
then 1/wC; must be small. compared with R;, necessitating a
large value of the coupling condenser C,, =~ .
(b) The effective anode load resistance of valve V, is not R,

~alone, but less than R; because of the presence of the parallel

circuit formed by R, and C, in series. If C; is made sufficiently

(d) As large a 'fra}ct’ion as pQSSible of ' ,the _&ltérna_,.ting 'vol'ta}ge' -_

large in accordance with (@), then, to a first approximation, the

‘anode load of ¥, may be considered as R, and R, in parallel,
equivalent to a resistance of B, R, /(R,-+R;). So m, the gain of the

ﬁfﬂt stage Wlll not be nbty put L fe/ (Bt Be)] In

Bi+R, " R R (B, A B+ B,

order that this actual value of gain should be as nearly as possible

equal to the full gain, B, must be large compared with R,. A
value of B; of five to ten times R, is usually chosen.

-~ (¢) It would seem that the ideal alternating voltage amplifie '

is obtainable by using values of C; and R, as large as possible.

- However, there are practical limitations to the maximum values

of these components which can be used. If R is made excessively -
large, say 10 MQ., then any positive ion current,* say 1 pA.,
collected by the negative grid of valve V, will pass through the
resistance B, producing a D.C. potential difference across it. In
the case of the figures quoted, this P.D. will be 10 MQ.x 1 pA.

=10 V., making the grid positive to this extent. Such a potential

will usually overcome the effect of the negative potential brought

‘about by the grid bias battery, so the resultant grid potential will

be positive. The grid will then collect electrons: the effect will be
cumulative, and excessive grid current will flow. This grid current
will form a resistance in parallel with the high value of R,
selected, reducing its effective value considerably. In certain
cases, the positive grid current may be so great as to overheat the

grid inordinately. So values of B, used with normal valve types

rarely exceed 2 M Q. -

The value of O, can be made la;i'ge;., provided that a large capacity
condenser of good insulation resistance is available. 1f, however,

a8 in radio communication receiver amplifiers, the audio-frequency

voltage input to the amplifier varies over a frequency-range of
90 c./s. to 10,000 c./s., and also varies greatly in magnitude, then
a transient powerful signal may temporarily drive the grid of

- valve V, positive, causing grid current to charge the condenser
- Us To prevent the condenser charge blocking the grid potential, -
‘the time constant U;F, must be sufficiently short to enable the

condenser to leak away rapidly: a value of 0:005 is recommended,

* Such positive ion current is due to the ionisation of the residual gas in the valve
by the electrons accelerated away from the cathode. If this ion current, as collected
by a negative grid, exceeds 1 kA., then the vacuum in the valve is not good enough.



80 that with RG--:O 5 MQ., OG 0-01 uF. An R. C coupled &mphﬁer
~ operating with such component values will exhibit a reduced
amplification at the lower frequencies because of the increased.

_value of XC m1/2mf0 as f is reduced

o
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:Th'e m_a,gniﬁda,tmn of the first stage of a .resiat,_&mé-_ca,p&éity |
coupled amplifier may be conveniently expressed by the formula:

B w[RB(Ri+B)] Ry
Hey .[RIRG/(RJ."I"RG)]"I_RA' _‘\_/[RG?_I__(I_/mEOGﬂ)]

‘where E, is the input alternating voltage to the grid of valve V;, .
and F., is the input to valve V,. In this formula, the effect of

condenser C’ is 1gnored in c&lculatmg the ﬂﬁ'ectwe &node load of
| VallVﬁ Vl | |

Ghokemcapamty Gouplmg A choke can be used as the a,node-'
load of valve V,, in place of the resistance; otherwise the circuit

is the same as the R.C.C. amplifier. The advantage is that the
choke can have a high reactance to A.C. but a negligible resistance

to D.C., and can therefore act as a high value load to produce a
high stage-gain, yet not introduce any significant D.C. voltage-
drop between the H.T., supply and the valve'anode. If the low

D.C. resistance of the choke is ignored, then the gain for the ﬁrst |

st&ge will be pal /\/(mﬂLﬂ—i—R %) (soe ﬁg 54a).

. (167)

"-i,q F

- Hia. 54 a, Choke-capacity Amphﬁar and Equivalent Clrnmt b, Senea fed
Transfﬂrmar Coupied Amphﬁer, and Equivalent Circuit. ¢, Parallel fed Trans-
| ) | former Coupled Amphﬁer
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The dlsadvant&ges attendmg the use of a choke as an anode
load are: | -- |

(a) From the formula for the stage- gam it is apparent that the
gain will be less for the lower values of the frequency f=cw/2n.




"Th_o a,_ttonﬁa,tion of low -f_roquonoy signals, compared with higher

values, will be reduced by the use of the maximum practicable
value for the inductance L, so that oL, even if « is small, is still

at least three times greater than R,. In audio- froquonoy ampli-

fiers, an iron-cored choke of value greater than 20 H. is used.

The use of an iron core, necessary to ensure sufﬁolontly high-
inductance in a oomponont of moderate physw&l size, leads to a
second difficulty in that the D.C. component of the valve anode

current flowing through the choke winding will tend to cause
magnetic saturation of the core, causing a reduction of effective

inductance. The choice of an efficient oomponont i made W“lth

both these points in mind,

(b) Since a large mduotanoo nooessorﬂy has an assooloted self-
capacity, a reduction of gain is also oxpononood at the higher

frequencies, since then the choke impedance is considerably
reduced by the effect of a parallel oapaoltanoo of value 1/uC,
~where (' is the choke self-capacity. | |

Transformer Coupling. The adv&nt&go offered by the use of

transformer as the coupling component between two valves in an

‘amplifier is that an additional gain is furnished by the use of a
step-up transformer with a ratio of as much as 1: 8 times. Series-
fed and parallel-fed connections are used (fig. 54): the latter
circuit method has the advantage that the D.C. component of
‘the valve anode current does not pass through the transformer
primary, so its effective inductance is not thereby reduced.

At medium frequencies (200 to 3000 e¢./s.), the effects of
tho capacitances and inductances in the circuit ohown in fig. 54b
can be negleeted in order to calculate, as correctly as is usually
necessary, the gam of suoh an amplifier. ‘A much simplified
oquwolont circuit can then be considered, as in fig. 54b. In this
cireuit, the primary inductance reactance and the effects of
circuit capacitances are negligible compared with the effect of the
_roﬂeotod resistance Bg/T'? due to the secondary load Ry, whmh
“is the 1np11t roozstanoo of the oooond va,lvo

whe

R,+(Ro/T?) |
tho R M. S voltage across the transformer prlma,ry is
. 'Ro__ HEG_(RG_/T %) ‘

T B+ (B /T4

.I_' s

I,

- equating to zero.

The output voltage across the tronsformor oooonda,ry is T times

- ﬂllﬁ omount and thus w:tll be Bo(fie(T)

RA“I"(R /T2)

voltago at grld of valve 72 szG [T o |
(168)
voltage at grld of valve V1 B,+(B; /TE) |
.- Thla gom will be a maximum for a value of the transformer
‘ratio 7' given by diff oro.ntlatmg (168) with roopoot to 7, ond

J.ogain=

o B wR, HR ' 2RG
A 2 - -—
_________?_’____T______( )__0

125
P*R R ;: RG)m2pR92
T\ Ts
_2R,
et

B+ R

. . R
T:\/&} L '(16'9)'

Since RA, for an &Vorogo triode valve, is about 50 kQ whilst

._ : 'Ro-

'R, the input resistance to a valve (grid negatively bi&SBd) is,

about 5 MQ. so the maximum values of transformer ratio 7

“encountered in practical audlo-ﬁ-equonoy omphﬁoro are given by
D= /(5 X 108) /(5 X 104)=10, -

Automatic Bias. In amphﬁor praotloo the use of &uxﬂlary gr1d- -
bias batteries is deprecated; a preferable method is to use an

automatic bias arrangement. A resistance is arranged in the anode

current circuit of the valve so that its cathode, or filament,
dopendmg on whether the valve is indirectly or directly heated,
is maintained positive to the extent of the necessary bias relative
to H.T.—, whereas the steady grid potential is zero (i.e, at H.T.—),
(figs. 55). This is equivalent to arranging the grld potontlol

- negative with respect to the cathode..

- The poswwo cathode bias is then ociual to I Rc, whoro I,is



the eteedy component of ‘the anode current, and R, is the bias
resistance used. Since I, is known from valve deta, at the bias
required, so B, can be reedlly eeleuleted uemg Ohm’s law, to

ebtem I ARC_-_bla,e reqmred

HT

' (8) CATHODE BIAS

. .

i Aa—

(b) AUTGMATlC ‘GRID BIAS, DIRECTLY—HEATE!J VALVE

-.'_F'IG'.'SS &, Cathode Bias Apphed to an Indlreetly heated Valve. b, 1—‘111ten1e.tie
| - Grid Bias used with a Directly heated Velve | IR

The anode current contains an A C compenent euperlmpeeed |

' on the D.C. when it is emplifymg an alternating signal input. The

‘bias developed across the resistance R, will, therefore, fluctuate-

at the elgnel frequency. To avoid this usually undesirable effect

a by-pass condenser C; is put in parallel with E, of such capacity

that its reactance 1/2xfC, is less than 10 A;. of R, et the 10weei3
signal frequency encountered. |

For example, a valve has an anode current ef 32 mA. when the'

 bias is —10 V. What values of b1ee-reeletenee end cendeneer are

neeeeeary if the lowest elgnel frequeney at the valve mput is

- 100¢c./s.%

.32

The blee voltege-—- 10= I ARG -

R .
1000°
10 20313 0.

ST T
w(, 21:: 100 C’

sheuld equa,l 31 3 0. max.

108 . 320 B
mmlmum C .= uF.=""" =5 |
¢ 2001‘:){31 8T om 1pF.

Grid Bias developed by Alternatmg Input By the ingertion

ofa cendenser—reeletenee combination CR i in the grid input cireuit

to a valve as shown in fig. 56, the negative ‘bias developed on the

- grid relative to the cathode can be made to depend on the ampli-

tude of the input alternating voltage. The condenser C is chosen
to have such a capacity that it acts as a low reactance at the input

frequency concerned. Such a circuit, therefore, is used only when

the input is at high frequency (usually above 100 ke./s). A large
fraction of the alternating input voltage will appear across the

| grld-eethode of the valve. Grid current will flow only when the
- valve grid is at a positive potential because of the input. Such
grid current pulses will charge the condenser C, the plate B of

this condenser acquiring a negative charge due to the accumula-
tion of the electrons which reach the grid. Since plate 4 of the

condenser is connected, via the resistance of the input generator

cireuit, to the valve cathode, so the D.C. potential developed across
C' will put a negative bias on the valve grid. If there is no leak
resistance R across the condenser, then the bias developed will
very soon be as great as the positive peak input voltage from the
generator. The circuit will then cease to amplify the input and
there will be no corresponding anode current alternations. On
the other hand, if an appropriate value of resistance R is con-
nected across the condenser, or connects the plate B to the cathode,

~then the steady P.D. across the condenser, and 80 the negative -

grid bias, will reach an equilibrium value which is some fraction

of the- positive peak input from the generetor this fraction

depending on the magnitudes of C and R, end mereesmg towards

- unity ag R is increased.

Sueh a method of produemg a negetwe grld bias on a Velve 1e




widely used in oscillator circuits (Chapter 7) Moreover, if the
input alternating potential has an amplitude which varies in
accordance with a lower frequency modul&tlon voltage (Oh&pter
.8) then a detector 011'01111.' can be developed. - |

FIG 56. Self bms dependmg on Altematmg Input

High-frequency* Amphﬁers “When a.mphfymg mgn&ls at
frequencies in excess of 50 ke./s. the effect of capacity in the

_oircuit becomes 1mp0rt&nt - In p&rtlcular the eapacltances be-

tween the electrodes of the valves used have to receive serious

consideration. The effect of inter- electrade capacity in a valve 18
considered by Miller. | |

The Miller Effect.} The input adm1tt&nce of & trmde V&lve is
controlled mainly by the effect of the inter- electrode capacitative
link between the mput clremt to the grid, a;nd the output circuit

at the anode.

In fig. 57 let the &node-grld c&paclty be Cgys the a,node-'_

cathode capacity be O, and the grid cathode capa;mty be Ce.

In the analysis which fc)llows, the effect of C; 0o Which is the
‘smallest of these capacities, is neglected. In any case, it can be

considered as simply adding slightly to the other two capacities.

Using the notation indicated in fig. 57, the followmg equ&tlons are

developed on applymg Klrehhoﬂ’ 'S ].&WS

IG —*-—IG "I"Iaﬂs' - ":i_. | (170) |

jf"f""‘” G[(”RG)“}‘J"}OPG] | .:- ' (171) -
o"=(B —]—mEG/G .7“064: e "(172) |

‘where m is tha sta,ge-ga,m and 6 is the phase-angle between —Hg,

‘the grid input voltage, and mE, the voltage across the anode load

impedance Z. The magnitude of ¢ will depend upon the relative

‘values of the resistance, inductance and capacitance comprlsmg Z.

-~ * The terms high frequency (H.F.), and radio frequency (R.F.), are uaua,lly con-
sidered to be synonymous.

I is the total ei'fé_ctivé grid current from the supply at pulsatance
o, whilst I;" and I,” are the components of this current via
C'Gc and Ce. respeatwely R, is the input resistance to the valve,

- Equation (17 2) 18 comremently rewritten in the form

o IG%%JMCGA[FG‘FWF{;(@O& 6-|._l? 511’1 Bﬂ a (173) .
| : G L. 1

| | T -d

o ' - e e Yo s i o “T“ C

(v e _

I‘IG 57 —Tha Input Admlttanee of a Triode V&Iva (Mﬂ]m Eﬂ'ect)

Substltutlng for I, and I ” fmm (171) &nd (173) in (170) gwes

lo= _G[(l/R_G)+_.?fﬂoac]‘I".?_‘“OGA[EG"l‘mEG(GQS 0+ ._3111_6)} | :
. | IG . o

(_!H_H__"_. ._-'_ . .
RN T

o :j%_-—-mmom 8in 9 l“.?m( Gc‘}‘am l‘mOGA COs 0) (174) '.
o |

Input &dlnltt&n o

Equ&tlon (17 4) clearly 1ndlcates that both the In-phasa and
90"‘ _out-of-pha,se components of the input admittance are affected
by m, and hence by the anode load. The input admittance will -

have a negative in-phase, or resistive component if maC,;, sin ¢

is positive, and exceeds 1/R; in value. This implies that energy is




‘being fed b&ck via the a,nodeugrld c&paclty to the input circuit in
such & manner as to overcome the effects of positive resistance
“energy-loss at - the input. With suitable input and output LC

circuits, the input LC circuit can have its resistance loss reduced

to zero, or made negative, so that continuous oscillations may be.

sustained (cf. the T.A.T. @. oscillator p. 182).

It is seen from (174) that the effective mput cap&clty Df a
triode valve is considerably greater than its nominal value, which
_depends on electrode geometry. For example, suppose the anode -
load is resistive, so that 8=0°, and let Cye be 5 weF., Oy, be

8 puF. and the stage-gain be twenty times. Substitution of these

values in equation (174) shows that the eﬁ'ectlve input G&P&Clty,

0, is gwen by o
| O= C’Gc+(m+1)0{;‘4#5+(21 X 8)-—-173 p.y.F

At a frequency of 10,000 c./s., at the upper limit of the audio-
frequﬁncy range a nomma,l grld-c&thode e&p&cﬂ;y of 5 p,p.F will

=318MQ, which

- 1 -_ 1

be a- reaﬁtance of

18 neghglble in 1133 effect. But the true effective mput ca,paeltatwe |

1

fﬂ&ﬁt&nﬁe 18 ' =92,000 Q whlch 18 e&rta,mly-'

2 X 10‘=t % 178 X 1(}“'*12

not negligible. At radio-frequencies of the Drder of 1 Me./s. such
an input capacitative reactance will be only 920Q., so that an -
R.F. voltage input of only 0 92 V will produce a reactwe current. :

component of 1 mA., o
 An amplifier intended for 31gna,ls at r&dlo-frequency cannot then

be efficient if resistance-capacity coupled triode valves are used.

The uge of a tuned rejector-circuit as an anode load in place of a
‘resistance will partly overcome the deleterious effects of the inter-
electrode capacities discussed above, gince the capacities are then
-mmply in p&r&llel with the necessary tuned clrcmt c&paclty for
w(L/CR)
(L/ICR)+R,

resonance the gain per ‘stage bemg

the dynamn, resistance of the m]ector-—cu*cult at resonance (see
p. 87). However, the use of input- and ‘output-tuned circuits
associated with a triode valve, tend to make the circuit

prone to oscillate (see p. 172). Again, the effective input capacity
of CGC—}—(m +1)C;, will limit the minimum capacity which

can be associated with the tuned clrcult used. The remedy!.

~ anode-grid - capacity of the
“screen-grid or pentode type.

~ voltage amplifiers, in that their
A.C. resistance and amplifica-

N than those of triodes.
A second grid is introduced

- of a triode, reducing the capa- -
| city'between these 'ﬂléﬁtrodes,
- giving a tetrode, or four-elec-

 tive D.C. potential of value

- voltages, however, this screen
is earthed by a by-pass con-
“denser, usually 0-1 pI., con-

._ e&rth (see fig. 58).

- paid to the problem of ensuring
‘an anode-grid capacity which
is as low as possible. To this

in size; the grid and anode leads b)
hare L/OR 1s

is to use a valve of much lower | Mm Lea | B

Such valves give an added
advantage for use as. R.F.

tion factor are much higher

The Screen-grid Tetrode.

between the grid and anode

trode valve. This screen grid:
is usually maintained at a posi-

about two-thirds the anode
D.C. potential. Asregards R.T.

nected between the screen a.nd o

In the construction of thls_ |
valve particular attention is

ANODE CURRENT lg

S scaem CURRENT |
“_; Is
ANODE VOLTS WV,

- 8C RE EH YOLYTS

end the anode area is reduced

are taken to separate ends of

- the valve, and skirts at screen Fio. 5_3 a, The Screen-grid Valve.

b Anode Ohamntenstm of Screen.
potential are &rranged at the g Valve. |

~top and bottom of the elec- -
‘trode assembly to reduce the electrogta,tlc ﬁeld WhlGh exists
‘between the control grid ends and the anode. In this fashion, anode-
grid capacities as low as 0:01 puF. are achieved compared with
‘values of the order of & uuF. obtained in the usual receiver triodes.




The anode- current V8. anode-volt&ge (Z,: V‘,) ch&racterlstlc of
this tetrode is peculiarly kinked, as is shown in fig. 5Bb This
effect is due to secondary emission from the anode.

"The useful portion of this characteristic in R.F. &mphﬁer .'

practice is between points C and D; it is essential to confine the

anode load voltage variations obtained in the amplifier to within
these limits, since departure from this restricted linear region will
result in distortion. The line CD is inclined by only a very small

‘angle to the anode volts axis, and this inclination represents a
high value of A.C. resistance. This high resistance is directly due

to the introduction of the positive screen. A eh&nge of anode

“voltage 9V, will not be very effective in altering the anode current,

since the electric field at the valve cathode, due to the positive
anode, is much reduced by the shielding effect of the screen grid.
For a change 8V, the corresponding anode current change oI,
will be very sm&ll consequently the ratio 9V,/oI,=R, is large.
Likewise, the amplification factor aV,/oV; will be considerably

greater than in a triode valve, since the anode voltage will have

to be changed by a large amount to be as effective as a grid

voltage change in altering the anode current. In screen-grid
valves, the A.C. resistance is between 05 and ¢ M Q., whilst

the amplification factor is between 500 and 2000. The mutu&l |

conductance will be much the same as in the correspondmg triode,

since the electric field of the control grid at the cathode is llttle |

affected by the presence of the screen.

_If the anode voltage of this type of tetrode is reduced to below: |
-the screen voltage, then the anode current decreases rapidly, as is
‘indicated by the region of the curve OB. The anode will emit

secondary electrons. In the normal operation of the valve, with

“the anode voltage greater than the screen volts, these secondaries.

“will simply return to the anode, as they do in a triode valve. If,
however, the screen is more positive than the anode, then many of

‘the secondary electrons will go to the sereen-grid instead; the
‘anode current will then be reduced because electrons are 1ewmg.

it in numbers almost as great as those ammg, whereas the screen-

current will increase. If the anode voltage is much reduced—to
' only 20 to 30 V.—secondary electrons are no longer produced
“gince the primaries will have insufficient energy. A subsidiary riae-:.

‘of anode current to a minor peak value at A is therefore experi-
-enced, 1ndlc&ted by the regwn BA of the characteristic curve.

L

-Then as the anode voltage is. decreased to zero, so the anode - '

'current falls to zero.

Over the region 4B of the curve, it is remark&ble tha,t tha anode |
current decreases with increase of anode voltage, so R,=aV,/al,

is negative. The dynatron oscillator (p. 183) utilises this effect,

since the negative registance of a screen-grid valve, operated a,t' '

“the correct potentials; is balanced against the positive dynamic .'

resistance of a tuned circuit in the anode. This negative resistance
is due to the fact that, within the range of anode voltages
experlenced between points A and B of the curve, an increase of -

‘anode voltage brings about a greater increase of aeeonda,ry

emigsion than it does of primary electrons arriving at the anode.

- ThePentode and Beam Tetrode Valves. In modern electronic )

pr&ctlce the screen-grid valve is rarely used: the pentode or beam
tetrode, which developed from the screen-grid type, are preferable.

-In both these valves, the kink in the characteristic due to secon-

dary emission is eliminated: in the pentode by the use of a third

- grid, the suppressor, situated between the screen and anode; in

the beam tetrode by the use of a more critical anode | spacing in
conjunction with the use of “beam’’ plates. Both rad10~frequency

and audlo-frequency patterns of these valves are made: in the
“former, care is taken in the electrode construction and connections

to ensure low anode-grid capacity; in the low-frequency model this

low capacity is not an essential requirement, the chief attention

being paid to ensurmg high efﬁclancy Workmg concnmltant with
low distortion. . | |

In the pentode valve the suppressnr grld which is usua,lly at .

“cathode potential, has fewer turns per cm. than the control or

screen gﬂds, and is placed just inside the anode. As a result, the

suppressor does not significantly impede the fast primary electrons
accelerated through the screen to the anode, whereas the com-

- paratively slow secondaries, travelling in all directions away from

the anode plane, are readily decelerated to zero velocity before
this third grid, and so retum to the &nade instead of penetra,tmg
to the screen grid. ' '

When the anode potentla,l is Iower tha,n the screen potentlal

| this suppression of secondaries is still effective, but then the slower '

prlmary electrons become somewhat impeded by the suppreaaor-'

grid, giving rise to the munded “knee” typlcal of the pentode .
| ch&racterlst1c (fig. 59). | |




- ’i‘he beam tetrode valve Id'jspenses wit‘h' & auppfea'aor' grid, but
‘ingtead is furnished with a pair of plates disposed about the

. acreen-grld supports, and maintained at cathode potential, so -
~that primary electrons which reach the anode are confined to a
beam (see fig. 59) Eleetmna whlch leave the sides of the cathode,

‘and which travel through the dis-

seReen & . torted electrostatic fields around
" | the grid support wires, do not
reach the anode, since they im-
 pinge on the beam plates. Con-

| sequantly, a more rigid relation-

.SUPPRESBSOR CONTROL GRID
GRED G; : - - Gi '

6L6 (KT 66) valves, the screen

POCKET N ANODE WELRS number of turns per cm., and are

To TRAP SECONDARIES

0. oeam TetRone . ‘aligned so that the screen wires
SR - are e:ata,ctly behind the control
grid wires. This leads to further

scam TETAODE ecvrone - confinement of the eﬁ'ectwe elec-
ARACTERISY 7 CHARACTERISTIC

' trons to bea,ms &nd also reduaeﬂ

the screen current. |

Vaao

e .

ANODE CURRENT i

- ‘h"ﬁ_- _-'E. | _ :
Vo= b 'To prevent secondary electrons |
b . - _ Iewmg the anode from reaching
. ANGDE YoLYs V, . N th& Ecreﬁn of thlS V&l"f& the aln 0 de |

Fia. 59. a, ‘Pentode and {Beam Tetrode ig placed at such a dlst&nce that

Valves, b, Pentode and Beam Tetrade

Characteristics. when its potentlal ig less than

the screen potential, then the

primary electrona build up a neg&twe space-charge between screen

‘and anode. A potential minimum is thereby introduced which
does not prevent the majority of the fast-moving primaries from
reaching the anode but, on the other hand, slows down the slower

‘secondaries to such an extent that they return to the anode
instead of reaching the more positive screen. This potential

‘minimum is further enhanced by the presence of the beam plates.

The result is an anode characteristic similar to that of the pentode

valve, but with a rectangular-shaped rather than rounded knee,

oceurring at a lower anode potential. Such a valve can therefore_ |

ship is established between
- electrode shape. and dlspos:ttmn, -
. and anode current. Insome types
of beam tetrode, particularly the

“and control grids have the same

be used with a bigger variation of anode load voltage: withoutn

distortion oceurring than is the case in the equivalent pentode.

As a power-&mphﬁer valve it is therefare cap&hle Of gre&ter '

- working efficiency.

- The R.F. pentodes a.nd be&m tetrodes are furmshed with an
anode of small area, a top-cap grid connection, and skirts at the
upper and lower ends of the electrode assembly, as in the case of
the screen-grid valve, to ensure low &node-gnd capacity, Like-
wise the grids have many turns of wire per cm., and the anode
spacing is great to obtain a valve of high A.C. resistance and
amplification factor. These requirements are assisted by the
introduction of a suppressor grid which, shielding the anode,
enables even higher v and R, to be. obtained than in the screen-
grid valve. | |

In the case of the low-frequency beam power valve, used in
particular as the output valve of an amplifier ﬁupplymg consider-

able load current, the designer concentrates on ensuring a high

mutual conductance, sufficient anode dissipation and with the
knee of the characteristic at as low an anode potential as possible.
- Radio-frequency Tuned Voltage Amplifiers, To amplify
a signal voltage - alternating at high frequency (100 ke./s. to

| 50 Me./s.), R.F. pentode valves are usually employed, with parallel

tuned circuits as anode loads. The commonest types of coup-
ling are known as (@) tuned anode, (b) tuned grid, (¢) R.F. trans-
former, and (d) tuned R.F. transformer coupling (see fig. 60).

(@) Tuned-anode Coupling. In this case a tuned rejector
circuit (see p. 57) is used as the anode load for the first valve.
Since such a circuit behaves as a high resistance of value L/CR
at resonance, so the gain exhibited by the first st&ge i3 given by

_ #(LJCR)
(LICR)+R,

. (175)

- Since L/UR=wL, from equation (78), so a high value of m iy
obtained in this circuit by using a coil of high “Q”’. This neces-
sarily implies a sharply selective tuned circuit, which may involve
the cutting of the higher audio-frequencies in the sidebands (see
p. 197) if such an R.F. amplifier is used in a domestic receiver.
It is noteworthy that the A.C. resistance, B, of an H.F. 'pentode'
i8 of the order of 1 M Q. The dynamic resistance of a tuned rejector



circuit cennet ueuel]y be more than 200 k Q. Subetltutlon of theee |

figures in equation (175) evinces that the gain m obtainable is

“much smaller than the maximum possible value, . Thue 1f w is

1000 for a pertlculer H F. pentede then

_ 1000 3 100,000 1000
100 000 + 1,000, 000 : 11. ’

enly ch f the memmum peeelble emeunt

H.F. CHOKE

= REJECTOR CCT.
AS ANODE LOAD. . -

O HT. -

FIe 6{} R.E. Veltege Amplifiers. «a, Tuned fmede Oeuplmg h Tlmed grld Ceuplmg
| -6 R, F Tmnefermer Ceuplmg

The gem m can be eenvelllently expl eesed m eueh circum-

| steneee as

L/OR)__
B, '"CR

where L/OR ie n_egleeted ee‘mpered with R, in the- deneminetef.;

?}?, =

Thus the effective @ of the amplification curve, deciding the |
selectivity of .the ' circuit, is eppremmetely the eeme as the Q g

~ of the rejector. circuit alone.

(b)) Tuned-grid Couplmg This eeuplmg methed is 111uetretedl'
in fig. 60b. An. air-cored inductance, or choke whleh h&e & high

L guol@, . . (176)

impedenee to A.C. at the radio freqﬁenejr used, is employed as -

the anode load. The voltage variations produced across it are

coupled 'by a condenser to & tuned circuit which forms the input

“to the second stage of the amplifier. This tuned circuit improves
~the selectivity of the amplifier, but reduces the effective anode

load presented to the valve, because it is effectively in parallel
with the choke. This type of coupling is not ﬁ‘equently ueed
methods (¢) and (d) being preferable.

(¢) R.F. Transformer Coupling. This method of eenneetlen hee
the pmetleel advantage that the grid input circuit of the second

valve is isolated from the H.T. supply. The primary or secondary
or both can be tuned circuits. In the third case the transformer

can have band-pass characteristics (see pp. 68 and 197) to enable it
to select a required frequency band width. Considering the case

| _' where the eeeondery only is tuned, then from formula, p 66,

w2M1R, . wM2X,
Zz X - X, “'_zzz“"’

. R:Rl..l

[

where  is the pulsatance of the signal eonee_rned‘, M is the mutual
inductance of the R.F. transformer, B, and X, are the primary
resistance and reactance 1eepeetively and R,, X, and Z, are the
| eeeendery resistance, reactance and 1mpedenee reepeetwely ¥ i

is the effective pnm&ry resistance, increased by the tuned circuit

“coupled to it; X is the eﬁ'eet_we prlmery reactance, deere&eed by

the coupled tuned circuit.
Since the secondary is tuned, Z,=R, and X2:0 and the

reflected resistance in the prlmery due to the seeendery becomes

W2 M2 WM
MLy M___. Since R, is emell and « is a large value at .
X, 2+ R,? '_ R,

radio frequency, so this reﬂeeted. resistance is great eompered
with B, and X, and these latter can be neglected

w2 M2 | o
L= 2 i eppmmmetely gwee the effective prlmery :
. _ 2
impedance. ” ,
. Prlme,ry eurrent I;= Ll
oo A—I—(szng

'where E == elternetmg veltege applied to grid of the ﬂret velve

end p= emphﬁea.tlen factor of first valve.
The Veltege mdueed in the seeendery = mM I




Secnnd&ry' curi'e'nt oML I,
Pecond R,
. Volta,ge 4CTOSS seeond&ry#E mLﬂI 2. where L is the
mductance in the tuned second&ry circuit.

S _Rg [Rm EME/R N
. Gain m="¢ — oML,

By, RB oM

This ga,m Wlll be a maXImum for a va,lue Of cﬂuplmg gwen by
pu’ntmg dm/dM == ( B |

1 d.[ p.ML ]
" AM| BB, ot M B
o (RyRyte?M2) petly=poMLy . 22 M.

. R RAL—l—mEMz——QﬁJEMg“—:O. .

S wiMi=R, R
E-LMEMLg wli,
Then My = 2m2M3 2M

But M= K \/ (L1Ls), where K is the coefhment of coupling between

the two clrcmts, where L, is the primary mductance

IJ-L Lg_

. (17
o T 21{\/( L,) 21{ L, o
Again, 'sinc__e | 2M 2—R,R, |
' ' 31{21}11}3__}2 R,
and plltting PR therefore KL L mz R R ” Where C,
| L g, L0y _
is the tuned aecond&ry eap&mtance |
I@-—R £\Cy . (178)
L1 | S .

gives the 1equii*ed optimum coupling value, which on inserting
practical values for Ry, B,, C, and L,, where the frequency is.

1 Mc./s., makes K about 0-8.

(@) Tuned R.F. Transformer Oouplmg If bcrth pmm&ry and -

“and the ga}i,n' |

'IEIBGOI}d&I'y circuits are tuned, it can be shown by a, complete

analysis of the circuit that optimum coupling occurs when

. EME"-(RI—FC R) VR (179) s

- (L, /O Ry)
21/{[R1+ L1/01RA)]R2}

Optlmum couplmg at 1 Mec. /5 oceurs for valuea of I{ of the" '

Q (180)¥

--order of 0:01.

- Variation of Gam with Frequency In a,ll theae methods of

| "_eouplmg together the stages of an R.F. a,mpllﬁer it is important
to note that the gain and eondition for optimum coupling depend o

on the signal frequeney, /27, Henece in normal broadcast receiver
practice, where it is required to accept and amplify a widely
varying range of radio-frequencies depending on the station being

received, it is apparent that the receiver performance must needs

vary considerably from one end of the wave-band to the other.

This variation is largely overcome by employing the super-
‘heterodyne principle whereby all receiver aerial signalsare changed
~ to a constant frequency value, called the intermediate frequency,
I.F., and I.F. amplifier stages employ couphng transformers with

both primary and secondary tuned, and designed to work at the
optlmum for the constant frequency value chosen. |
The Variable-mu Valve. HEquation (176) indicates that 13]:13

gain of an H.F. Pentﬂdﬁ employing a tuned cirounit directly or in-

directly coupled as an anode load, depends directly on the mutual
conductance of the valve. In the variable-mu valve, the control

orid of a screen-grid tetrode or H.F. pentode is more open at the
centre than at the ends (see ﬁg 61), or is wound so that the spaces =

between adjacent grid turns increase exponentially from one end
of the grid to the other. As a result the mutual characteristics -

(I,:V,) of such a valve exh1b1t pronounced “tail”, since the
cathode surface behind the more open spaces of the grid continues
to furnish electrons to the valve anode current when the grid bias

is sufficiently negative to prohibit by space-charge the flow of

electrons from the rest of the cathode. Obviously such a valve
has a large cut-off bias, and a value of mutual conductance which

increases continuously as the negative grid bms is redueed from

cut-oﬁ' value to zero.




If the grid bias on a V&rlable-mu V&lve i a,ltered by means sof a
manuaﬂy operated potentiometer, or is automatlcally controlled

.'dependmg on the strength of the alternating input to the valve
grid, so either manual or automatic control of the gain of an R.F..
amplifier is achieved. - This leads to the common forms of manual
and a,utﬁmatlc vﬂlume contml methoda used in broadcast

B B(}EIVBI‘S

SLOPE CHANGES
| CONT INUOUSLY .
wWiTH BIAS

BETWEEN CENTRAL .

 ANODE CURRENT _

GREATER SPACES
TURNS

= o+ conrarern. | oy ‘ S
"' ~ owin VOLTS, ©  OF VARI-MULVALVE _ ‘ill‘j. —  — O HT ~
LARGE CUT-OFF = . T L] Ll 1 | s
. BIAS a | BIAS SETTING DECIOES GAIN OF STAGE

@ @
~ F.61. The Action of the Variable-nu Valve.

| Power Ampliﬁcatwn 11:1 usmg a valve s as & power amplifier,

the aim is to supply maximum power to the anode load with as

little distortion as possible, instead of maximum voltage variation

‘across the load. This demands large current variations through |

the load, so that if the use of excessive voltage variations across
the valve is to be avoided, the valve must necessarily have a low

A.C. resistance. Hence the power valves used as output valves '

~in receivers, transmitters and other electronic app&ratus where

“electrical power is converted into mechanical power or electro-
‘magnetic radiation, have much lower A.C. resistances than the

voltage amplifying valves in electronic equlpment The latter
usually serve to supply the power va.lve with a sufficiently large
 grid swing voltage, demanding little or no power consumption.
Let a valve &mpllﬁer be opera,ted 80 that

B, ‘~—-1nput voltage tc) grld R. M S. V&]lle
v ==amplification factor of valve.

R, =A.C. resistance of valve. '

R ; %a,node load reslsta,nce |

Assummg the- grid. is not drwen ‘positive, 5o th&t grid current
is avoided, then the effectwe_ anode voltage V&I‘l&tlﬂn_ due to an

: OHT 4+

input of X, volts is whHg. The Gorrespondmg current 1 ig
| pE’G/( A—{-R ) The power developed a.Cross tha &node Iead 18

" therefore I?R,; = _(wlg)® . By P
) - (By+Bp)2 - |
Thla will be 8 maximum for a V&Iue of R gwen by puttmg
;' dP/dRL-—-O S
- (p.L’) [(RA‘l“R) "‘“R 2( A+RL):| 0
(B d'l—-RL) - -
fl_l_-R '_2-RL“"‘O | | - .
R=R,. . .j (131)

As in the case of any other form of electrlc genera,tor mammum' |

“power is supplied to the load when the load resistance equals the

internal resistance of the source of supply. However, the require-
ment of low distortion must also be fulfilled, requiring extra -
consideration of the optimum load resistance value to be used.

Class A Power Amplification. The anode load of a power

‘amplifier must necessarily be a resistive device; power cannot be
-dissipated in the wattless reactive components, condensers and

inductances, in which the current differs in phase by 90° from the
voltage. The usual loads are therefore ordinary resistances, or
resistive elements such as loudspeakers, headphones, electric
meters, telephone meters or aerials radiating energy or such
resistances coupled to the power valve by a matching transformer
or tuned circuits of the rejector circuit type with a make-up
current in phase with the applied A.C. voltage simulating a
registance in their effect. If a resistance is inserted directly in-

the anode circuit of the valve, then ‘class A amplification condi-
tions must be observed using an ordinary amplifier if distortion is

to be avoided. This brings about the limitation that the grid
swing voltage is restricted,.and also that an increase of anode -
current brought about by a reduction of negative grid voltage is

accompanied by an increase of anode load voltage, with a con-
sequent reduction ‘of anode volts, and hence power output.

Suppose a power. valve has constants u, 9. and B, and it
operates with a mean, steady anode voltage V,. Let —V, be
the cut-off grid bias with this anode voltage. An alternating grld '
voltage is applied which, at its positive peak value, just brings
the grid potential to zéro, whereas at the negative peak value the



dynamm ch&racterlstw (I,— VG) of the V&-IVB just begins to bend
so that class A conditions are observed (cf. p. 119). Let 2I,

be the total peak-to-peak anode current excursion brought &bout -

by the maximum permissible grid voltage change. Then the anode
potentlal will be caused to vary from V,+I,R to V,—I,R, if
R is the resistive anode load. A eha,nge of anode potentlal of

IR is compensated by a change af grid voltage of I, R /p., so that

-when the anode potential is a maximum at (V,+I,R), the
necessary cut-off bias will be [—V,—(I;R/n)]. Assuming the

valve I,—V, characteristic is linear down to the cut-off bias
value, then the m&mmum permlsslble peak grid Voltage mput is

1”7:;“[‘( AR/E’-)

But I A_r—-' RMf% , and subatituting- f{jl’* K.

» 1 | IR)
- N I STl |
A "R+R, 2 ( T

Iﬂ{l-—-- £ ﬁ}'—?_ MV{?_ ' .
N : 2B+R) ) 2(R+R,) |
L Iﬁ(QRA_‘I“R):N»Vﬂ- :
p.V 5
The power outpnt P wﬂl be I ar SR where I RM.S. —], / \/J
] 2V ap |
2(R+2R )2’

To ﬁnd the v&lue of the anode load R at WhlGh thls. power out-
put 1s a maximum, put dP JdR==

E'V 2 .
{(R+2R }—

By I
&

(R—|—2R R+2R =0,

RZ+4RRH+4RA2-—2RE 4RR,,=0

S 4R‘42$R2. . |
R=42R,. L . . (182)

So the maximum power. output is obtained when the anode
load 18 twice the A.C. res:st&nce of the valve. |

The powar output at this optlmum load value will be B

2V,,;’*R V 2 21-3 V, 2
| | (R+2R )2 B 32R.2 IﬁR
The Load Lme The selection of an a,node load of value Rm ZR

leads theoretically to the attainment of maximum undmtarted
power output from a power valve. Though serving as a useful

guide in practice to the choice of load values in the case of triodes,

yet a more accurate assessment of the load is required if distortion

is to be kept to a minimum, since allowance must be made for the

departure from linearity of the valve characteristics when operat-
ing near anode current cut-off. Moreover, using pentode power
valves, the selection of a load B=2R, gives far from satmfaetory

‘results. The approach adopted is to draw a load line, which is a

line representing the voltage-current characteristic of the anode
load, superimposed on the anode voltage-anode current charac-
teristics for the valve in question. If the anode load is a resistance

‘then, by Ohm’s law, the load line is Etra,lght For an impedance

as anode load which is Bansﬂ)ly reaetwe in its effect, the load ]1116 .
will be an ellipse. SR

In general, two methods of a,pproa,ch are used. Elthel the 1oad
resistance value is known, and it is required to estimate the per-
centage harmonic distortion if the valve operating conditions are
also specified, or alternatively, a certain power valve is to be used,
and the graphical method outlined below is adopted as a means of -
estimating the best operating p'otantia,ls for the valve, and the
best load resistance va,lue to use in order to keep the distortion

satistactorily low.

- Suppose a triode poﬁer Va,lve with a total H.T. supply of 400V,

_13 used. A limitation to the total power which can be dlsmpated

is set by the maximum temperature at which the anode can be
safely operated. Let this correspond to 16 W. maximum anode

dissipation. The static anode voltage : anode current curves are
‘known, as in fig. 62. The curve representing 16 W. dissipation is

drawn on these characteristics by plottlng V I ,=constant, 16.
When the anode current is zero (obtained in practice by setting
the grid bias at cut-off), the voltage drop in the anode load is

zero 80 the anode will be at the full H.T. voltage, 400, Hence the

point 4 where V,=400, I,=0 is one point on the required load
line. If class A conditions are to be observed, the peak positive



'grld mput volt&ge just. makes the grld potentml Zero or, at the

‘most, slightly positive. Let B be the pomt where the zero grid

- voltage characteristic intersects the maximum dlsslpa,tlon curve, -
Then AB is the load line for m&mmum allowable power output.

AC in volts .
The slope of thls load hne obtamed from g ives the.
| MC 111 &mp |
eorreslaondmg remstance V&lue te be used
o o
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FIG 62. The Load Lme

What is to be the cntarmn as regards dlstortlon? M&mfestly a
small change of grid voltage anywhere in the region from V=0
‘to Vy=cut-off should bring about the same change in current
through the anode load irrespective as to whether this grid

voltage change takes place near cut-off bias, near the operating

bias or near zero. Interpreted graphically, this means that the -
intercepts cut off along the load line by neighbouring Vo:l,
‘characteristics should be equal for equal change of grid voltage in
moving from one characteristic to the next, i.e. the intercepts

DE, EF, FQ,QH,HI, IJ,JK, KL, LB (ﬁg 62) should all be equal.
If the load line as drawn does not produce such equal mterce:pts

then it must be varied. Graphically this implies swinging the

Joad line about the fixed point 4 to arrange it below the line AB
so that these intercepts are as nearly equal as possible. At the
same time the slope of the line does not want to be too small -

(i.e. the resistance too high) otherwise the power dissipated in it
will depart too seriously from the maximum possible. A useful,
simple rule is to realise that the total percentage harmonic distor-
tion will be less than 109 if the maximum departure from equa,hty
of the intercepts referred to does not exceed 10:11. |

- Having determined the best load resistance value, the 0peratmg
bias can be determined ‘as being at the point X, where X is
the mid-point of the load line such that DX=XUB, If a fuller in- .
vestigation is then required, the dynamic mutual characteristic
I,—V,, with the appropriate anode load, should be drawn to
establish that this operating grid bias is midway between V=0
and the value c-f VG ad: which this [,—V ehamctemstw com- -

mences to bend.

An examination of the most smta.ble anode loads for power
pentodes and beam tetrodes in accordance with these conceptions

‘indicates that, for maximum undistorted power output, the anode

load needs to be 1th to &th of the valve A.C. resistance.
Anode Efﬁmency Defined as the ratio |

alternating power output
D.C. power input

For example, consider the case of a class A amplifier operated
for maximum power output, disregarding distortion. It has been
shown (p. 147) that then R =R, Obwously the anode efﬁclency
Wlll be 509%,. | |
This can be proved in an alternative manner. Suppose a class |
A amplifier operates with steady anode voltage V, and anode

~current {,. Then the D.C. power input is V. I,. The maximurm

positive to negative peak excursion that the anode voltage can
execute by virtue of an alternating input to the grid will be from
¥, to zero, and to a positive maximum of 2V,. Correspondingly
the maximum possible anode current excursion will be 27,. But
the R.M.S. value of the alternating anode voltage will then be

V4]4/2, and for the current I,/ V2. Conaequently the alternating

powel output is Vs ; ey and the anode efficiency ia 50% _

V2.a2 2

Class B Amplification. A maximum possible eﬁ‘imenny of
509, is a limitation to the power handling capabilities of a valve,
especially in the case of radio transmitters where, with apparatus

of restricted size, 113 is required to supply the aerial W1th as much




© . WHEREAS AT TWICE CUY-~OQFF

‘energy as PDSSlb].E For this reason class B and class C &mpllﬁ- |
cation practices have been. developed. These involve using the

valve with a steady, operatmg grid bias at, or beyond, cut-off,

Such practice ] is madlmsslble in cases where a single valve is used |
o with a resistance as anode load,
| TARK CIRSUIT TUNED since the negative half-cycle of

el /70 FUNDAMENTAL A .
| __[ o [ et ooiewe  the input does not then produce
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| CLASS . C ‘WORKING. . o - -
i8, therefore, of N0 Congequence
F1a. 63. O]&EE B and Class G o ETEN e
| wave-form. Agam, if the distor-

- tion mtroduced is predomm&ntly second harmonie distortion, as.

in the case of a class B operated triode, then a class B push-pull

amplifier, which eliminates even harmonio distortion, is valid (see

p. 154), though the anode load is a resistance.-

From the analysis given on p. 71, it is seen that the wave-form
‘in the case of half-wave rectification possesses a first harmonic
component of which the peak value is approximately half the
maximum voltage attained. Hence if the grid alternatmg mput

any corresponding anode cur-.
~ rent change: rectification is in- .
 volved. However, if the anode
 load is an oscillatory rejector -
 circuit, then the introduction of

tance. - Fortunately such anode .
 loads are those most useful in

ALF-WAVE | R.F. POW&I' &mp]iﬁer Praetice. -

" ar Ao cunmen - Though the anode current

i AWANE variations of such amplifiers
] VI s voure ‘have wave-forms which are
Tl ctnes B workie  rectified and distorted replicas

. . " of the input wave-form to the

orid, yet such distortion neces-

H_ /’\ - order harmonics (see p. 69),

T anode load will only respond

is apprammately doubled in the class B case (ﬁxed bias at Gut-
off) compared with the class A case, then the fundamental
component of-the rectified output is capable of supplying the same
power to a rejector. 011*011113 as would be supplied by a class A
amplifier. L o |
The anode eﬂiclency of the class B &mphﬁer i8; however

greater because there is a smaller demand on the H.T. supply
than when class A working operates. Thisis because anode current

only flows when the a,lterna,tmg grld input is posn;we, and not

when it is negative. o
From the analysis given-on p. 71, the average value of anode
current during one-half cycle is seen to be 2I/r, where I is the
pe&k current. But during every alternate half- cycle the current
is zero, Therefore the average current drain on the H.T. supply
in class B wOrkmg is I/r. In class A working, the mean D.C. |

~anode current is I/2. Hence class B working demands an average

current supply which is only 2/x of that in class A pmctme

Consequently a class B amplifier is =/2 times as efficient, gwmg a

maximum possible efficiency of n/2 x 509%;,=78Y,.
Class C Amplification. The operating fixed negative bias can

be made greater than cut-off, still further restricting the fraction

of the input cycle time during which anode current flows. Thus
in class C working, the grid bias is as much as twice cut-off value,
giving anode current pulses for less than one-third of the operating
time, with a consequent anode efficiency of as much as 85%,. The
conmderable second and third harmonic distortion introduced

restricts the use of such ampllﬁer practice to solely those cases in
which a rejector circuit is used as anode load. Push-pull working o
is now inadmissible, owing to the odd harmonics involved. |

'R.F. Power Amplification. To amplify the output of an
oscﬂlator ag in the usual radio transmitter master-oscillator,
power amplifier system, a clags C amphﬁer is commonly used.

Apparatus with a total power output in excess of 250 W. com-

monly makes use of triode valves, but pentodes are frequently
encountered in smaller gear. |
To ensure the maximum anode efﬁclency, the altern&tmg

voltage applied to the grid (grid drive) is made great enough to

produce a positive grid at the positive peak grid input volts.
Thus the input circuit to the amplifier needs to be able to supply a
moderate amount of power. When the grid is most positive, the



valve am::de current will be large, and the a,lt&rnatmg voltage

across the tuned circuit anode load will be at its maximum. Since
the anode voltage alternates in anti-phase to the grid drive
volts (see p. 119), the maximum positive grid voltage will occur
simultaneously with the minimum possible anode potential, so
" that overheating of the anode due to the large current ﬂwkq

brought &bout by drwmg the gﬂd positive is not excesawe -'
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Buch R.F. power &Iﬂp]lﬁﬁl‘ circuits need neutra,hsmg, ag is

indicated in fig. 64, to prevent the power amplifier from going

“into oscillation due to feedback via the anode-grid ecapacity from

| '-_the anode tuned circuit to the grid input tuned circuit.

Push-pull Amplification. A circuit arrangement Whleh._

' _ehmma,tes dlStOI‘thIl at the second and other even harmonics
~which may be introduced by the valve characteristic, in which a

pair of valves is used, generally as a power ‘amplifier, where the
grld inputs to the two valves are equa,l in ma,gmtude but differ

‘in phase by 180°.

Suppose an A.C. .mput of 311111301(1&1 Wave-form i8 &pphed at
_'the primary of the input transformer (fig. 65). Since the centre-
" tap of the secondary of this transformer is connected to fixed bias
battery, voltage V, so the grid of valve ¥, will have potentials
“decided by — V, plus the alternating voltage across h&lf-secondary.

A,0,, whereas V, grid will vary in accordance with — V¢ plus the

“half-secondary voltage across B,(y. But the potentml at point

- A, will be positive with respect to €', when the potential of B, is
negative to the same extent. Therefow the grids of V and Vi
will have potentla,ls varying in anti-phage. |

A decreage of the negative potentlal on V, grid m]l cause the
anode current of ¥V, to rise, giving a rise of potentml across the

~ half-primary of the output transformer C,4,, which is the anode-
load presented to V,. The potential of point A, must therefore

decrease, since the potential of the centre point G’é is constant at
H.T. potential. This action will necessarily be accompanied by a
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correspondiﬁg increase of the negative potential of .V, grld
producing a fall of the anode current of V,. The voltage across the

~ half-primary C,B, of the output transformer must consequently |

decrease, 1mply1ng an increase of the potential at point B,, since



the 'potér;tia,l' of Gentrth_a,p C, is fixed. The total potential varia-

tion across the whole of the output transformer primary 4,B, is
then double the potential variation across either half, AEG’ or

B,0,, since A, potential rises with respect to C, to the same
extent to which B, falls. Hence the two valve outputs are
_effectively combmed across the primary, giving a double output

across the secondary, whlch is connected to a registive load, such
as a Joudspeaker.

The D.C. campmiants' of the valve anode currents thr ough the E

output transformer primary are in opposite directions, so the nett

D.C. magnetisation of the transformer core is practically zero. _-
The effect of D.C. magnetic saturation of the transformer core

causing distortion is therefore eliminated. |
A second, and more important, advantage of the puah-pull

technique is that second and other even harmonic distortion, due

to lack of linearity of the valve characteristic over the operating

region, is eliminated. Since triode valves produce distortion due
to characteristic curvature which is almost exclusively at the

second harmonie, so the grid bias may be set at the bend, or even
at the valve cut-off region, giving class B working conditions with. |

improved efficiency, and little distortion (see p. 151).
That even harmonic distortion is reduced to zero may be

realised on considering a simple mathematical analysis of push-
pull action. Suppose the relation between the valve anode-
current I, and the grld potentml E; is given by the ‘general -

relatmnshlp | |
1, A—l—BE‘G—I-OE 24 DE3, ete. . . (183)

The altematmg grid potential on one valve. will be of the form

Vo 8in wf, whilst that on the other valve will be represented by the

anti-phase voltage, — ¥, sin wf, V, bemg the peak potential across

half the input transformer seaond&ry, o /271: bemg the frequency
of the input voltage. | |

Hence for valve Ve -

! A-—A +B( Vo 3111 mt} —l—C’( Vu sin mt)2+D( Vo sin mt)3—[—etc (1 84) |

and for valve Vg, wkwk must kave exactly the saime skape cka:mc-
teristic, | |

-mI A+B( V, sin mt)—l—C( o Sin mt) —|—D( Vo 'Ein wt)3

+ete.  (185)

N ote I, is written with nega,twa szgn hera amee 1t is varying '

‘in opposition to the current from valve V,.

The combined output across the output tr&nsformer. prlmary is

9] Z, where Z is the primary impedance, and 21, is gwen by
subtr&ctmg equatlon (185) from equation (184) |

21,=2BV, sin mt—]—20( Vg sin ot)?-+2E(V, sin mt) +e130 |
Note that the squared terms, and other terms raised to an even

- power, vanish in this expression which determines the effective
‘output, since (— ¥, sin wt)2=7V,? sin? of. Mom{wer |

Vo> 31112 mt:: Vn ( 1+G;S 2mt), -

| correspondmg to 5 eurrent eompnnent at the second h&rmomc of -
-_ the input signal frequency. It is seen ‘that such second, and other

even harmonic distortion introduced by the curvature of. the_ '

valve [ ,—V, cha,racterlstms, are therefore eliminated.

It is noteworthy, however, that the percentage of thlrd and
other odd harmonic dmtartlens remains the same as if a amgle -

_ valve were used. Since such third harmonic distortion is not

noticeably mtroduced by triode valves, this push-pull method
lends itself admirably to the design of receiver and other amplifier
push-pull output stages where freedom from distortion is essential.

Pentode valves, however, are prone to third harmonie distortion,
“and should therefore be used with caution in a low—frequency. |
 power amplifier push-pull arrangement.

Application of Feed-back to an Amplifier. If a fmctmn of

the output voltage from a valve amplifier is fed back to be placed
in series with the input circuit, then desirable or undesirable

effects can be produced, depending on the phase of the feed-back

- voltage with respect to the mput gignal, and the purpose of the

amplifier, If the feed-back is so arranged as to be in anti-phase
with the initial input to the ampllﬁ&r then negative feed-back is

‘achieved. A feed-back that is in the same phase as the input gives

positive feed-back. Negative feed- back is also called “reverse’ or

- “degenera,twa ,posltwe feed b&ck is also known a8 “re_genera,tive” |

“reaction’’,

If E=input Vﬁltage to the amplifier which is eombmed mth a
series feed-back voltage gF, derived from the output circuit (see
ﬁg 66a), then the &ctu&l voltage to the ampllﬁer mput is

G“Ej:ﬁEu Coe e (186)



A plus or minus sign is a,tta,ched to B dependmg on Whether the

feed-back 18 poaltwe or nega,twe
The nominal gain, m, of the amphﬁer, is gwen by

mm output voltage - K, ( iy if resmtwa a.node load uaed) ._
S8

input vﬂltagé _ ———EG B+R

A nega,twe mgn precedea EG, since the anode Voltage of an

- amplifier v&rleﬂ in- &ntl-phase with the 111p11t gl.'ld voltage (see

120) - ,
g=—t . @ss
~ Substituting for B, in (186) from (188)
/11

. By= "“mE. PO - (139)

The nett gam, mcludmg the eﬂ'ects of feed back, mf, iy gwen by_

output volt&ge En |

= slg_nal_ input Vqltage __ .——E .
Therefore from (189) __ mfﬁl;inm[a R (190) |
N If mB is m&de conslderably grea,ter than umty, then (1 90) _
beeomea o R R |
mfz:fz_%a,ppmx. -_ . EE _-(191) _

| i11d1c&tmg that the overall gain of the amplifier depends lon'l-y on

the factor 8, which is independent of the characteristic of the valve,
“the effects of valve ‘“noise” and variations in supply voltage, but

.depends only on the feed-back network. The gam of the &mphﬁer_ |

‘is, however, much reduced by such feed-back.

- If m;=-+1/p, in the case of positive feed-back, then the feed-

back voltage is in phase with the input voltage. Such an amplifier
is generally unstable, since any increase of the output voltage
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causes an mcrea,ﬁe of the total mput gignal, causmg the output _

- voltage to increase still further, the effect being cumulative.

- Ifme=-—1] 8, in the case of negative feed-back, then the a,mph -
- fier is much more stable than is the case of the amplifier without

feed-back. This is particularly so the larger the value of m8, since

then the actual input voltage to the amplifier is a small difference
‘between comparatively large signal and feed-back voltages. If

the gain m, due to the valve, changes, then the difference between
signal and feed-back voltages changes, increasing if m decreases,
and vice versa. The actual input voltage therefore changes in
such a manner as to compensate for change of the gain .

From equation (189) . _'E"-—* "
| | e T - 1—mB | -
. Thé-'cha,nge in gain (Hy/E) caused by "a, change in amplifier
‘nominal gain m is given by evaluating d(g':?iE)
(B |B)__ d[m/(l-'“mml
- (lmmﬁ) T (l—mp)r T =

~ Hence the ch&nge in ga,m with feed-back for a given ch&nge in
gam without feed-back is decreased as 8 is increased neg&twely,' |

ie. as the negative feed-back is increased. Vice versa, if 8 is

increased positively, in the case of positive feed-back, then the

amplifier stability becomes poorer. This equation (192) indicates

‘also how negative feed-back reduces amplitude distortion, since
such distortion results genemlly fmm V&n&tmnﬂ of m. durmg the

operating time, - |
The circuits mvolved in nega,twe feed ba,ck are of (o) the current

feed-back type in which the voltage inserted at the input is
proportional to the current in the load, (b) the voltage feed- -back

class where the voltage inserted at the input-is proportional to

the voltage across the load and (c) currant-volta,ge feed-back in
which a combination of (a) and (b) is used These circuits . are

illustrated in ﬁg 66, C
Since the gain of these amphﬁers is declded by 1/8, in the case
W_here B 18 a considerable fraction (mB>10), and the network

B (u—l—l) gwes

‘whereby g is achieved may be other than a resistive arrangement,
- such as a combination of inductance and resistance or capacitance
~ and resistance, so an amplifier of desired frequency-response can

be demgned whereas if a resistive feed-back circuit is used, the

- galn is largely mdependeut of frequency, except for the influence
-of stray inductance and capaelty | | | |

Noise reduction :(see p. 164), is bmught about in a neg&tlve :
feed back &mphﬁer However, this reduction is onlyfor that arising -

" within the valve concerned. Any noise present at the input to

the amplifier will be present to the same extent in the output.

The reduction of noise as regards that mtrodueed by the amphﬁer
| va]ve itself may be expressed as | - |

Signal to noise ratio w1th feed back ' mf
Signal to noise ratio mthout feed- back m(l --—-m[a)

“The Cathode Follower. If a negative feed back amplifier is

‘used in which the feed- back 15 obtained by the use of a resistance
~ in the cathode circuit, as in fig. 67a, but the anode load is omitted,
the anode being connected directly to the H L.+ supply, the

equation (190) m/~=m/(11+mp) is suitably modified by putting:

m=pR[(B,+R,), where p. and FE, are the constants of the valve
- used, B, is the cathode resistance (cf equation 166) and B-l

wRo/(RAR) _  eRy (193) "
1‘1—!-'-Rc/( A+RC) A‘l‘(l‘H")Rc | .

" The gain of such an amphﬁer is thus necessemly less than unity.
It-is therefore used as a current amplifier and not as a voltage

‘amplifier, of which the purpose is to feed the grid with a high

impedance input but in which the cathode load can be a low

~ Impedance output, yet Wlthout serious loss of voltage.

From equa,tlon (193)
l= . .. . (194
s e AR L

“where E, is the alternating grld mput Emd I the altema,tmg N
- anode current, R.M.S. values. |

Dividing numera,tor and denommator of this axpressmn by

[u/(u-f—l)]E'a - o S
L= Bfet+g, 0 0 U



o By cﬁmparisoﬁwith the clfcuit of fig. 49c, 1t ca.xi be seen th&t -
this cathode-coupled stage corresponds to a normal amplifier in

which the amplification factor of the valve p is reduced to u/(x+1),

and the A.C. resistance R, is lowered to R, /(w 1), the equivalent

'e.u:*cmt ‘becoming that shown i in fig. 67!)

. 'tHFUT | . — COAXIAL
| ) GCABLE

o VACUUM -
( PHOTOCELL

VERY HIGH LC -
nzalsmucﬁ RESISTANCE

e, 67 a, The C&th{}dﬂ Fnllﬂwar b, hqmvalent Circult for Ca,thndé Follower.
¢, Cathode Follower used to couple to TI‘&HHHHEEIDH Line, d, Cathode Follower as
- D.C. .'-:mehﬁﬂr - -

_ The output reslstance R, is eﬂ'eotwely the valve remt&nce .:md
_ 'Ro in parallel, and equals |

C[RA/(H‘I'I)] . 'RC'RA --
C+RA/(U‘+1) A+R (l~‘-+1)

| Wh:{ch in the cage of a pentode, where 3 > 1, becomes |

14+Befw

' on élﬁbloying thé rela.tions.}iip g, =u/R, TFor éxample in the

' % In using & pentode in a cathode- follower cireunit, t;he screen must be kept at cnn-

| stant potential with respect to the nathnde

_:a,n.d the gam-—- _

(196)

‘case of a pentode, suppose u=1000, }FB_Zﬁl 250 kQ, R '1000 Q,

_- a.nd ¢, =4 mA, /V =0-004 ohms, then .

R, 1000
R— c__ ,—-—2009

S 1+1000><0004 5
wR, " 1000x1000

R, 4R +1) 250 000+1000(1001) =08

This - low 1mpeda,nee output, one side of which is at ‘earth
potentla,l makes stuch circuits eminently suitable for couplmg the

_output of an oscillator to a transmission line or aerial circuit in a
- transmitter, where a careful match is required between the output )
circuit and the load (see fig. 67¢c).” Moreover, because of the low

output impedance, the output voltage has good regulation where
the input to the cathode-follower stage may have poor regulation.

‘Another advantage of this circuit is that there is no polarity

inversion: the output voltage varlatlon is in phase w1th the input

alternating voltage.

~ The cathode follower circuit &lso exhlblts reduced Mlller effeet :
(cf. p. 134), the effective mput G&p&ﬂlty bemg reduced. in &ecor-' |

| dance with the rel&t10nsh1p

Equwalent mput capaclty o .
. -—-a,ctua,l mput ca,pamty (OGC) X (1-—-—-%—).

G/

A cathode follower m&y be used w1th a,dv&ntage 11 photo-: "

~ electric cell amplifiers, since this circuit technique enables the grid
“resistance across the input to be very high, yet with a low output

cathode resistance. Thus using ordma,ry valve types the presence -

“of positive ion current and grid emission prohlblts the effective

use of an input resistance greater than 2 MQ. (see p. 119).

~ Suppose the photocell current is 0-05A., then a D.C. voltage input

- to the amplifier of 0-05 X 2==0-10 V. is achieved on switching on
‘the cell illumination. If the D.C. ampllﬁer is normal (fig. 48) then
~a voltage gain of 100 times, and so an output of 10 V. is easily

obtained. Compare the use of a cathode-follower amplifier. Even

using normal triode and pentode valve types, the input resistance

can now be as much as 100 MQ., gwmg an effective input voltage
of 0-06x100=5 V. If a gain of 0-8 is realised, then the output
voltage across, say, a 5 kQ. cathode load will be 4 V. It would



'aee:m a8 though the e&thode techmque was thus only 40% as

effective as the provision of the ordinary D.C. amplifier. In

practice, however, great benefit is obtained from the use of the
cathode-follower because it is virtually insensible to the supply

voltage fluctuations and circuit variations which make. norm&l-

D.C. amplifier practice so tedious and unreliable.

- “Noise' in Amplifiers. It would seem that a cons1derat10n of
the methods of coupling both A.C. and D.C. amplifiers in cascade
would lead to the belief that. there was no limit-to the total
amplification possible: it was simply a matter of ensuring constant
voltage supplies and using a sufficient number of valve stages
coupled mgether to obtain &mpllﬁcatlons of several million. In
practice this is not so: a limit is set by the “noise”” which arises in_ |
the amplifier, due to minute random fluctuations of the current.
These are partlcula.rly obnoxious in the first stage, since it is there
“that the true signal is small, and the “noise” becomes of com-

parable magnitude, giving a signal to ““noige” ratio which is
sufficiently small to make the eventual output umnte]hglble
Thls “110136 arises in two plaeea |

(a) Therm&l a,glta,tlon noise, or J ohnson noise, bmught a,bout

by fluctuations of the current in ordinary electrical conductors due
to the thermal agitation of the conducting particles. In this

~ connection the input resistance to the first amphﬁer is usually the

" only one which need be of concern, because it is only there that
the signal current is sufficiently small for the ‘noise’ current to |

be of comparable m&gmtude |
An electric current is due to the motmn of electmns thmugh

| conduotmg ‘material, and the cumrrent due to an applied signal
voltage 1s combined with the small currents due to the thermal

agitation of the electrons. During any long period of time the

‘nett effect of these thermal currents is zero. At any given instant,
‘however, this is not the case—there may be a slight preponderance
" of random electron motion in one direction over that in the other.

Such transient currents are of very complex wave-form, and
_ produce voltages across the resistance of which the harmonic
- components extend over a very wide frequency ba,nd

An expressmn for thermal nmse I8 .

Byr=4kT Prar. S e

Ja

| gwes .

Due to Nyquist,* this equation gives E,, the R.M.S. value of

| the E.M.F. produced in series with the resistance of the conductor

R, where k is Boltzmann’s constant, 7'is the absolute temperatum -
f is the frequency and R is the actual or equivalent shunt resis- -

- tance of the cireuit, bemg L /OR in the case of a rejector circuit. -
Integrating thls equa,tmn over the frequency range (f;—/fqs)

 Ey=/[4kTE (fi—fl. - . . (198) ._
Substituting for &, then at norinal room tempefatures
By=125X10-0V[R(fi—f). . (199)

An immediate partial remedy to the elimination of thls 110186

volta,ge is to restrict the band width (f;—f;) which the amplifier

passes. If R——IOO kQ., and ( fl——— fz) -10 ke, /s then aubatltutmn

in (199) gives .=

E =1- 25><10 1‘-"«,/(105><]04)-—-4: wV. approx.

(b) Shot or “schrot” noise, First lnvestlg&ted by &chotfky,f'

~is due to a comparable fluctuation of the current in valves due to
the random emission of individual electrons. Thus the anode

current of a valve is constant considered over any finite time
interval, but at a particular instant the number of electrons
arriving may be slightly different from the number at another

‘instant, though the average number is constant. In other words,
**shot noise’ is due to the finite magnitude of the electron charge

motions which constitute an electric current, where the number

of electrons flowing per second will be constant, but where the

number per mlcmsecond will fluctuate shghtly about the mean

value.

Added to thls inevitable cause of current Varlatlon there is a
second source of fluctuation which is decided by the physical

‘pature of the emitting cathode surface, This is called “ficker
effect”’, and is particularly prevalent if the cathode surface is not

smooth, but pitted with minute holes which occasionally releage

bursts of electrons. Added to this there are noise effects due to

ionisation of the residual gas in the valve and due to seconda,ry- |
BIIIISEIOII from the valve electrodes. :




Shot noise, cansldered as separate from ﬂwker eﬂ‘ect etc can |

]ba expressed by the equa,tlon |

(=21, fl——f) ()

in the cage Of 3 aaturated diode, where I, is the &node current,
‘and I is the R.M.S. value of the variation of I,. S

- In the case of non-saturated triode and multrt-eleatmde valves,
the effect is reduced by the presence of space- sh&rge which acts
‘a8 & ‘cushion, or reservoir of electrons. Thus valves in which the
space-charge effect is high are preferable for reduction of shot
‘noise. In these cases, the effect of total noise is stated as the
“equivalent resistance which would give the same noise voltage
due to thermal eﬂ'ects, and the magnitude of this resistance is

: proportwnal to [ A/ g2 Hence a valve of I&rga mutual condue-
tance ¢,, for a given anode current I ,, is 8 necessary for low noise

levels. |
 The tuode valves are most free from 'bhlﬂ noise defect. T_he

pentode has an equivalent shot noise resistance about five times
that for the corresponding beam tetrode. This i3 because the
beam tetrode has low screen current, high sp&ce -charge effect

between beam plates and low secondary emission. Frequency-

changer valves (see p. 210) are bad because. their conversion

conductances are low, and they also produce noise by virtue of
their osolllator section. Thus it is preferable to use an R.F. beam
tetrode amphﬁer before the frequency-changer in a super-

heterodyne receiver if a partlcul&rly high mgn&l /nmse ratio is

reqmred | |
A minimum mgn&l/nmae ratio of 5 to 6 or some 15 db * 18

deslr&ble in amplifier and receiver practice, where the mnoise

concerned is the total noise brought about by the above effects.

- Supply Voltage Regulation. If electronic circuits, such as
amplifiers, are used in any kind of measuring or indicating device

where a constant output reading is required from day to day for

the same input conditions, then it becomes essential to pay

considerable attention to the question of the supply of constant
valve filament and anode voltages. This is particularly the case
where the H.T. and L.T. supplies depend ultlm&tely on the A. C

or D.C. mains, as in power-pack practice.

* Dembels—db =10 log,q (P;/Ps), where P, and P, are two powers,
=20 log,, (V;/V,), where V, and V, are two voltages.
15 db 20 lﬂgm (V, /Vg) S V1 /V antllr}g (0-76)= 5 63.

Apﬂ,rt from manual control of a potentlometer or variac ACTOSS

the mains, bringing an indieating voltmeter to a constant reading,
‘there are four ways in which stabilisation of a volt&ge (or current)
supply can be arranged. Thay are (a) by means of a constant-
voltage tmnsformer, (b) using a barretter; (¢) by g&s—ﬁlled dis-
- charge tube, or stabilovolt; (d) by use of thermmme vacuum tubes.
In all these devices an unavoidable dlﬂiculty arises in that the

voltage (or current) change must occur before it can be com-
pensated; it is a desirable feature of a stabiliser, therefore, that
such compensation takes place with as little time-lag as possible.
In this connection, and in other ways, the use of thermmme v&lve& '
as regul&tlng means are the most ﬂuceessful :

. (a) Constant volt&ge transformers employ ma,gnetm saturation

-_ to achieve a constant A.C. voltage output. Thus transformers are

available with ratings up to 25 kW. which give a secondary
voltage constant to within -1 % for variations of primary valtage |

up to 4-15%,. In such tranaformem the usual arrangement is for
two transformers to be used with their prlm&ry wmdmgs in geries

‘additively, and their secondary windings in series with the load,

but so wound that the A.C. voltage outputs are in anti-phase with :
each other. One of these transformers has an iron core which is
partially ‘magnetically saturated over the range of primary
voltage required, and gives the larger secondary voltage. When
the A.C. voltage applied increases in magnitude the fraction of the
total applied to the saturated transformer decreases. Thus the
secondary voltages become more nearly equal, it being a matter

for the designer to &rrange that such change of output com-
_pensates exactly for the primary supply change.- Frequently the

saturated transformer has a- condenser connected across its
secondary to improve the regulation, and to correct the wave-
form. The chief dlfﬁculty with such arrangements is that the

“output wave-form is no longer sinusoidal, and in some circuits the
change of wave-shape with change of supply voltage may be as
-disturbing as & ehs—mge of voltage would be. Again, if the frequency

of the A.C. mains supply varies, then the voltage variations from

~such transformers are worse than from an ordinary transformer.

Transformers are available, however, which are guaranteed to be

unconscious of both primary voltage a,nd frequeney changes
within cert&m limits.




A constant voltage transformer fooding the primary of an

ordinary transformer power pack can regulate the ultimate H.T.

supply from such a pack. Again, these transformers can be used.

for maintaining constant A. C. heater volta,ges, or lamp filament

supplies.

(b) The barretter is somowh&t hko an ordma,ry olootrlc lamp

of which the ﬁloment ) iron wire operating in a-hydrogen atmo-
- sphere. The filament and hydrogen

:,fm#n_zﬂﬂﬂ“' ~ pressure are so adjusted that the
current through the lamp is largely

independent of the supply voltage.

- retters ig in universal A.C.-D.C.
cunnﬁu‘r lcoHSTAHT IRREEPECTNE |

OF SUPPLY VOLTAGE CHANGES m&iIlB roooivers Whoro & b&rrotter-_. |
FIG 63 Tho Barrottor 18 PI&GBd 111 EE!I‘IEE Wlﬂ]. &H thE'
~ valve heaters across the A. C. maing

~supply, ﬁg 68 barretters bomg available which have a current

“capacity equal to the current rating of the 13 V. heators eommonly
| employed in A.C.-D.C. valves.
The iron filament presents a romobance to tho supply E. M F.

which varies in such a manner thot the geries current is constant.
- Thus if the supply E.M.F. increases the current will tend to rise. .

However, such current increase causes greater heating of the

filament, and if the filament resistance temperature coefficient is

correct, then the increased filament resistance can compensate for

“the increased supply voltage. This coefficient is arranged to be

~correctly compensative over a wide range of voltages by the use

- of iron as the resistance element, in conjunction with the rate of

~conduction of heat away from the filament depending on tho
pr essure of the surr oundmg hydrogen otmosphoro :

- The time lag for compensation to occur is & snag in using this
method of stabilising. Again, the glass bulb of the barretter takes

more than half an hour to reach an equilibrium temperature.

Apart from its great use in providing valve heater currents in

universal receivers, the author has found that barretters are of
little use in trying to arrange constant current supplies for any
purposo where laboratory measurements are to be made.

(c) Goo-dzsoh&rgo tube regulators, such as the neon lamp and
the specially prepared stabilovolt, are of considerable value in
achieving constant H.T. supplies. This is due to the peculiar

- The commonest use of these bar-

to be more than the striking poten-
‘tial. The circuit used is shown in
fig. 69a, constant voltage being
- obtained - across the load shown.
~ The series resistance R is necessary
- to prevent exceeding the tube current

the total E.M.F., E, is the load

| oha,raoterlstlc of the two olootrodo tubo ﬁllod mth an iners oag at

low pressure whoroby, once a glow discharge begins, the voltage
across the tube remains nearly oonstont lrrespeotwo of the current
through the gas. R

‘The current through the tube 1 moro&ses with voltogo 1mt11 the

~ striking potential is reached. Thoro&ftor tho volta,go drop 201088 -

~ the tube falls to a lower value, and | | |
. further current increase is accom-

- panied by practically no voltage
change. The cathode glows, and as

- the currentis raised, this glowextends
‘to cover the whole cathode area.

~ The power supply voltage needs

rating. RB=(H;—UH,)/I,,, where B is -

voltage, and I,, the maximum tube . .
current. Any increase of current 9 0 10 20 30 4o mA.
through the load, due to fall of load ~  Tuse cureenr )
rooi_otonoo-, 8 -aco_omp&nied' | by & FKia, 69. a, Gas- ﬁ]lod Voltogo Rogu- o

tendency to greater voltage drop Bbter- b, V'Jl::fl: tf;“fﬂnt Charac-

across £, This tends to reduce the ~
voltage across the tube and load, but less current is thon takon |
~ by the tube, compensating for the increase of load current, so

that the tube and load: Vo]tago remain constant, because the

voltage drop across B remains the same. Again, if the supply
voltage increases, the additional current through the regulator
tube will be sufficient to make the voltage drop across B com-

pensate for the change, so the load voltage remains the same.
These tubes are oopoom]ly useful in the form of the stabilovolt
in which the cathode is in the form of a number of metal cylindrical

.olootrodos, one inside the other and insulated from one another.
‘With appropriate external resistances, such an arrangement can
be used to provide a total constant voltage of some 300 V. or

more which can be subdivided into three or four parts as.

ke o P



| pr}tentml divider. The alternative is to use a number of neon

tubes, or preferably stabilisers like tha Cossor $180, in series
with one another.

Electronic Regulators The best types of voltage and current
regulators are those employing valves. Whereas a gas-discharge
‘tube cannot readjust itself in less than 1/10th msec., an electron
tube is practically instantaneous in its action. The chief disad-

vantage associated with the use of valves is in obtaining large
current values. Thus a regulated current of 0-5 amp. would either

require the use of a large type of power v&lve, or a number of

normal valve types in parallel.

A saturated diode, with its constant anode current above

‘saturation anode potentml can be used. However, valves with

~ oxide-coated cathodes do not operate for long under saturation

~current conditions. The bright emitter tungsten 1 filament could be

used, but then the provision of a. e&refully regulated filament

current is a problem.

The basic circuit employed uﬂmg a trmde valve regulator s

shown in fig. 70e. If the H.T. supply voltage rises, the voltage
across the load tends to rise, and so does the cathode potential of

“the triode valve in series with the load. With a given bias, obtained
‘as shown, an increase of H.T. is accompanied by a tendency to a

positive increase of cathode potential, and as a result an increase

of negative grid bias relative to cathode. So the valve current is
reduced, and the voltage drop across-it rises, which can be made |

to eompens&te for the increased supply volts, the load voltage
remaining constant if correct working conditions are arranged.
The opposite action takes place if & fall of supply voltage ocours.
Similarly, any undesirable changes of the load current are
regulated. A resistance is inserted in series with the valve grid

to prevent excessive grid current flow when the H.T. supply is

- switched off, and the grid goes positive because of the continued
- supply from the bias battery. Alterna,twely, a gaﬂ-dlscharge tube
can be used to provide the grid bias, as in fig..70b.

A mutual-conductance, or gm-regula.’oor can be arr&nged as-"

in fig. 70c. Here the H.T. supply EM.F. to be regul&ted is
placed across a potential divider, R, and B, in series. Let the

total H.T.=E volts, and let E,=voltage across the load supplied.

Suppose E changes by an amount AE, where 4E is positive or
negative. Then the change of grid voltage is R AE/(R,+ By).

‘This bias change will praduce a cha,ngé of anode current thmugh |

R, of g, R, AE|(R,+R,), where 9 m=valve dynamic mutual con-
ducta,nce If thls is equal to th__e change AFX of the supply E.M.F.,

pnﬁ'_rr.trwz
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then the anode voltage and so load voltage Wlll remain constant o
because then an increase of E is accompanied by an equal increase

of the P.D. across R,;, and correspondingly for a decrease of E
there. is an equal _deerease across I, whilst the &node_ voltage is



equal to the difference betweén y 4 and‘_thé P.D. &cméﬁ Ra Henqe

for effective atabilisation of the load voltage
| BB, |

. AB=g, AE.
p _By+R,
™ RRy

" The actual values of R, RQ and R, chosen will depend on the

valve characteristics considered in conjunction with the load

- E.M.F. and current required. The grid bias relative to the cathode
will have a mean value of [R,/(R, -+ R,)E— V], which decides the
~ value of the bias battery voltage necessary to achieve a suitable

negative bias for class A operation of the valve.

An amplification-factor, or y-regulator, is shown'. in fig. 70d.
"Here a change of £ by an amount AF causes a grid voltage

change of R,AE/(R,+R;) and an anode voltage change of

- R,AE/(R,+R,). Since the change of grid volts is here necessarily
of opposite polarity to the change of anode volts, so the anode
current through R, and hence the P.D. across £; and the load
will remain constant, if the effect on the anode current of the grid
~ voltage change is equal and opposite to the effect on the anode

current of the anode voltage change. But in accordance with the
‘definition of amplification-factor, this will be the case if the change

of anode voltage divided by the change of grid voltage equals p.
- Therefore the circuit is an effective regulator when =~ -
B, tR, R, TE, =

R

" R,

== .

The ratio of .Rl to Ré is therefore decided. The values Of-R;,_‘ o

R, and Ry will depend on the valve chosen, and the demands of

the load. To operate the valve at its usual grid bias for class A
working, it is to be noted that the grid potential relative to the

cathode is [V,—R, 8 (R, +R,)].

Regulators using pentode valves with their constant-current

characteristic and high amplification factor are capable of very
great control ratio,” A typical circuit is shown in fig. 70e. The bias

on V3 depends on the P.D. across R, which rises negatively if the
current through R rises, and decreases if the current through R
talls. But the rise and fall of the current through R depends on '
the grid bias on V,, which will change in direction in the same way '
as any cha.ng_'e of load voltage. So a tendency for the load voltaga B
to Increase, sensitively controls the increase of negative bias on Vi, '

- which makes the A.C. resistance of V, greater. The P.D. across

V5 therefore rises, which can be made to compensate exactly for

any t_'endency for the load voltage to ”ine,rea,se._. Vice versa, a )

‘tendency for & decrease of load voltage to occur is offset.



