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From this we have for 3.3 db change in signal input voltage (2 db change in diode 
input) a corresponding output change of 2.4 db. The complete a.v.c. characteristic 
is tabulated below and plotted in Fig. 27.41. 

Change in diode A.V.C. 

I 
Change in Signal Change in diode 

input (db) Bias Voltage Input (db) output (db) 

0 - 2.2 I 0 0 
2 - 2.9 3.3 2.4 
4 - 3.5 6.5 4.0 
6 - 4.5 10.6 6.2 
8 - 6 16.8 8.7 

10 - 7.5 22 10.6 
12 - 9.1 27.2 12.3 
14 -11.8 33.9 14.6 
16 -15 40 16.7 
18 -18.5 46 18.5 
20 -23.9 52.8 20.7 
22 -29.5 60 22.5 
22.8 -32 65.8 23.2 

It is seen that a change of 60 db in signal input gives an increase of 22.5 db in output. 
It should also be observed that in most cases it can be taken that the diode input is 
directly proportional to diode output, and the additional set of calculations need not 
be made-e.g. 60 db change in signal input gives 22 db change in diode input or 22.5 
db change in diode output. For three similar controlled stages the output change 
would be reduced to 7.5 db. If the valves to be controlled are not of the same type, 
then individual input-output curves must be drawn and the results combined to give 
the complete a.v.c. characteristic. 

,! 

,. .. 

m 
0 Ch....,. In S19nol Input (!:olclllo!N for M{ftim .. 

FIG. 77-41 Dt- Input E.ns • 2 Volt•) 

Pig. 27.41. Calculated a.11.c. characteristic/or a single controlled stage using type 6SK1. 

The a.v.c. characteristic for diode input voltages smaller than E,,., 2 volts can 
be readily plotted, but as the useful range of signal input voltages, where control is 
mainly required, is usually greater than this value in a reasonably sensitive receiver 
(and because of the limitations of the diode curves) this value has been taken as afford-
ing a satisfactory example. • • 
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The variation in gain given by simple a.v c. is limited, and for very strong signals 
a local-distance switch or some other method to prevent overloading of the receiver 
is required. 

(3) The voltage amplifier and diode detector used for the previous example are to 
be used in a delayed a.v.c. circuit, in which the delay bias applied to the diode is 

10 volts. 
If they are not available, the diode characteristics relating r.m.s. input voltage to 

d.c. output voltage, for various delay bias voltages, can be measured directly. The 
rectified voltage, used for a.v.c. bias, is not completely independent of modulation 
when a delay bias is used, and there is an increase in the available d.c. when the per• 
centage modulation is increased. Usually the a.v.c. comes into operation for lower 
carrier input voltages than would normally be expected, panicularly when the per• 
centage of modulation approaches 100%. 

The complete design procedure now follows that given previously for simple a.v.c. 
using the data derived by the method given· in the last paragraph. It should be clear 
that curve (I) in Fig. 27.40 remains unchanged, but curve (2) must be replotted. The 
resultant data are then available for plotting the a.v.c. characteristic. For signal 
input voltages of which the peak value does not exceed the diode delay bias, the re• 
ceiver operation is the same as for one which does not incorporate a.v.c. (this is clearly 
shown in Fig. 27 .36). 

The slope of the no control line is readily determined since it is taken that the outpUt 
is directly proportional to the input. 

SECTION 4 : MUTING (Q.A.V.C.) 

(i) General operation (ii) Typical circuits (iii) Circuits used with F-M receivers 

(i) General operation 
When a sensitive receiver which incorporates automatic volume control is being 

tuned from one signal to another there is an objectionable increase in noise output. 
This effect can be overcome by using a circuit arrangement which will make the re• 
ceiver silent in the absence of a signal. Arrangements of this nature are known by 
various names such as muting, interstation-noise suppression, quiet automatic volume 
control (Q.A.V.C.), or squelch systems. 

It is desirable, with these circuits, for the receiver to come into operation with the 
weakest possible useful signal voltage. Since the useful signal voltage may be variable 
for different conditions of reception, communications receivers are usually fitted with 
a variable threshold control which can be adjusted to give the best results. For 
broadcast receivers variable external controls are not used, the muting range being 
pre-set by the manufacturer. 

Most systems of muting depend for their operation on the application of a large 
bias voltage to an i-f amplifier valve, the detector or an a-f amplifier valve. A wide 
variety of circuits has been used by receiver designers, but attention will be confined 
here to a few typical arrangements, since the general principles are much the same in 
all cases. 

(ii) Typical circuits 
(a) Biased diode detector 

A simple type of biased detector muting system is shown in Fig. 27.42. It is seen 
that the circuit arrangement for the detector is quite conventional except that the diode 
load is returned to a tap on the cathode resistor. This makes the diode plate negative 
with respect to cathode, by the voltage developed between the cathode and the tapping 
point on the bias resistor R k and so detection cannot occur until the peak signal input 
voltage exceeds this negative bias voltage. The components are marked to corres• 
pond to those in Sect. 1 of this Chapter. 
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It should be apparent that there will be a range of signal input voltages around the 
threshold point over which the audio distortion will be severe. 

8+ 

Ottt<:tQr Muting Systtrra 

A more elaborate muting system, giving improved results over the simple system 
of Fig. 27 .42 has been described by K. R. Sturley (Ref. 44). This uses a negatively 
biased diode and at the same time the circuit- is arranged to provide d.c. amplified 
delayed a.v.c. The operation of this circuit can be readily understood from Fig. 27 .43. 
The diode marked D 3 acts as the automatic volume control detector, and the d.c. 
voltage developed across the load resistor R2 is applied to the grid of the triode section 
of V 3 and amplified. The diode D 4 will only come into operation when the cathode 
of V3 becomes negative with respect to the diode plate, and the a.v.c. bias is delayed 
until this condition occurs. Considering now the double diode V2, it is seen that D, 
acts as the detection diode, but it can only detect when the signal input voltage exceeds 
the negative bias voltage developed across the cathode circuit R •• Ck• This negative 

To 
A.F.Aff\plifttt 

FIG:27.43 BiaHd Omctor Mvting Sy1tcm 
witb 

0 C Amplified & Ocloycd A.V.C. 

bias voltage only exists when the diode D2 is conducting, which occurs when the 
cathode of V, is positive. As soon as the cathode of V3 becomes negative, thea.v.c. 
comes into operation, the diode D 2 no longer conducts, and the negative bias is re­
moved from the plate of the detection diode D, which then begins to function in the 
usual manner. Part of the detected voltage output will appear across R., c. but 
this is not serious if the value of R • is very much less than the resistance of R 1 (say 
about one tenth or less). It is recommended that C .R • be made equal to C1R1. 
(b) Inoperative audio amplifier 

A typical arrangement of this type (Ref. 57) is shown in Fig. 27 .44. V1 is any double 
diode, such as type 6H6, and V, is a pentagrid mixer, such as the type 6L7, in which 
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grid 1 has a remote cut-off and grid 3 a sharp cut-off characteristic. Some systems 
use two valves in place of V 2 to effect muting and audio frequency amplification. 
Improved systems are also available (Ref. 54) which use a duo-diode pentode to elimin­
ate the separate double diode valve, the pentode section being used as the intermediate 
frequency voltage amplifier. Audio a.v.c. is readily applied in this latter case. 

FIG. 27.44 Inoperative Audio Amplifier Muting System 

From Fig. 27.44 it is readily seen that the diode detector and simple a.v.c. arrange­
ments are quite conventional. The audio output from the detector is applied to grid 1 
of the valve V2• Only part of the cathode bias is applied to grid 1 by using a tap on 
the cathode resistor. In the absence of conduction through the diode D2 there is a 
large negative bias applied to grid 3 due to the total cathode bias voltage developed 
across R, and Rs in series. The d.c. path to grid 3 is via R., R 5 and R 9 • R. has a 
high value of resistance to prevent the plate of D2 from being connected to ground 
through the comparatively low impedance of the cathode circuit of V2 (which includes 
the muting control as shown). The circuit made up from R0 , c. and C, is merely 
a filter to allow the application of direct bias voltage only to the muting grid (3) of 
V 2 ; however, R 9 also performs the useful function of stabilizing the voltage applied 
to grid 3 in the event of the anti-muting bias being sufficiently large to cause grid 
current. R5 is the diode load resistor for D2, and c. allows the application of i-f 
voltage to the plate of the diode D2, When a signal is received the voltage developed 
across R5 is sufficiently large, and of the correct polarity, to reduce the total negative 
bias on grid 3 and so allow the valve V2 to perform the function of voltage amplifier 
for a-f voltages applied to grid 1. 

An interesting arrangement (Ref. 54) is shown in Fig. 27.45, in which a duplex­
diode pentode and its associated circuit combine the functions of muting, detection, 
conventional and audio a.v.c., and audio frequency amplification. The valve V, is 
a duo-diode pentode in which grid 1 has a remote cut-off characteristic (the circuit 
was developed around the Australian-made type 6G8-G). The operation of this 
circuit is somewhat different from those previously discussed. The maximum gain 
obtainable from a resistance-capacitance coupled audio frequency amplifier occurs 
when the negative grid bias has a particular value. For a negative bias less than the 
optimum value (and for a particular screen voltage, which is generally made fairly 
low), gm will drop and the stage will effectively be muted. When the negative bias 
is made larger than the optimum value the gain of the stage will decrease at a com­
paratively slow rate. This principle is used in the circuit of Fig. 27.45 and the signal, 
muting, and audio a.v.c. voltages are all applied simultaneously to the control grid. 
The cathode resistors R 10 and R11 are used to set the bias voltage to give the optimum 
value for maximum gain. R11 is then adjusted to a lower value to reduce the total 
bias voltage, and to cause the gain to drop to such a low value that muting has effec­
tively occurred. It is necessary to select the values of bias and screen voltage so that 
the maximum screen dissipation is not exceeded. When a signal voltage is applied 
to the a.v.c. diode, the rectified voltage developed across R, increases the grid bias 
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in a negative direction which increases gm (and so the stage gain) and the valve un­

mutes. For further increases in signal voltage the a.v.c. comes into operation, and 

!1'e gain of the audio sta_ge (and also the other controlled stages) begins to fall off 

m_the usual manner. It 1s seen that only part of the total a.v.c. bias is applied to the 
grad of V1• 

FIG. 27 .•5 SingW YalYt Am,n9cmcnt to PA!':m 

Mutin9,Audt0 A.V.C., 0d'«tion end Af.Amp&ifioo:tton 

(ill) Circuits used with F-M receivers 
The general principles for muting circuits used in F-M receivers are much the same 

as for the circuits previously discussed. However, many of the circuits are novel 

and a few typical arrangements will be discussed. 
One typical arrangement (Ref. 59) is shown in Fig. 27.46(A). Valve types V., V, 

and V, are those nonnally employed for limiting and detection. Valve V, is a double 

triode with separate cathodes such as the type 6SN7-GT. Section (l) is used as a 

d.c. amplifier for the muting control bias voltage which is applied to the grid of Section 

(2). The triode of Section (2) is used as an audio frequency voltage amplifier in the 

usual manner. 
The operation of the circuit is as follows. In the absence of a signal the limiter 

valve V, draws full plate current, and the positive voltage applied to the cathode of 

triode (1) of V 4 (from the voltage divider R1, R., R.) is a minimum. At the same time 

there is a positive voltage on the grid of (1) which is sufficiently large to ensure that 

there is a resultant positive voltage on the grid with respect to cathode. This allows 

the plate of (1) to draw full current and makes point A negative with respect to point 

B across the resistor R., and so a negative bias is applied between grid and cathode 

of triode (2). This bias is made sufficiently large to cut off the plate current of (2) 

and so prevents any a-f output from being obtained. 

!I 

FIG. l7.•6(A) 

"'· 47,000A 

System for F'-M Rcccinr 
II~ 
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When a signal voltage is impressed on the limiter V2 the plate current is reduced, 
and so the positive voltage applied to the cathode of triode (1) (V4) is increased. When 
the signal input is sufficiently large the positive cathode voltage will exceed the positive 
voltage on grid (I) by an amount which is sufficient to cut off the plate current. This 
puts the points A and B at the same potential and so removes the negative bias from 
the grid (2). Triode (2) of V 4 then acts as an ordinary a-f voltage amplifier, and its 
normal bias is obtained from the voltage drop across the cathode resistor Ro, 

ltmittr 01scr1m1notor 

,o,ooon 

FIG. 27. 46 (B) FIG. 27,46(C) 

Fig. 27.46(B) shows a simple but effective arrangement for muting. Noise voltages, 
in the absence of a signal, which appear in the screen circuit of the second limiter 
valve, are applied to the control grid of the triode section of the muting valve (e.g. 
type 6AV6) and the amplified noise voltage is applied to the diode detector circuit. 
The d.c. voltage across the diode load is applied as additional negative bias to the grid 
of the a-f voltage amplifier valve and cuts off this stage. When a signal is received 
the noise voltages are reduced and so the additional bias on the a-f valve falls and the 
stage begins to function in the normal manner. 

Another useful arrangement is shown in Fig. 27.46(C). In this circuit noise 
voltages from the screen circuit of the second limiter are applied to the grid of the 
muting valve (which could be a type 12AT7) via the high pass filter C1 C2 R 1 • Triode 
section (I) operates as an anode bend detector and the direct voltage developed across 
R, cuts off triode section (2) ; the relay is then in the unoperated condition. When 
a signal is received the noise voltages are reduced due to the receiver quieting, and 
at the same time additional bias is applied to triode (I) by the rectified voltage appearing 
at the first limiter gcid. The voltage across R2 is now insufficient to cut off triode (2) 
and the relay is operated by the plate current. The relay can operate a contact to 
short the gi:id of the output valve to earth : additional contacts can also be utilized 
should the receiver be used for special purposes. The circuit can readily be re­
arranged so that the relay is not required, and an additional control bias is made 
available to cut off the a-f voltage amplifier by increasing the voltage in the cathode 
circuit in the absence of a signal. The coupling network Ra R, R, Ca has a suitably 
selected time constant, and the circuit arrangement is such as to prevent amplitude 
modulation or over deviation of the frequency modulated signal from muting the 
receiver. 

Both of the circuits of Fig. 27.46(B) and (C), or variations of them, have been widely 
used in f.;.m mobile and V.H.F. link receivers. In some cases additional negative 
bias is applied to both the a-f voltage amplifier valve and the a-f output valve ; this 
has the advantage in the case of mobile receivers that the battery drain is reduced very 
appreciably during stand-by periods since a large proportion of the battery drain is 
due to the H.T. current drawn by the output valve. 
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If muting ON-OFF is required it is usual to switch an additional resistor into the 
cathode circuit of the muting valve. This resistor is made sufficiently large to cut 
off the valve and so render the muting inoperative. 

A number of other useful circuit arrangements can be obtained from Refs. 58 and 
59. Many circuits have appeared in the patent literature, but have not been generally 
published. One of particular interest uses the two limiters (which are resistance­
capacitance coupled) as a multivibrator unit, the output of the second valve being 
coupled back to the input of the first by means of resistance and capacitance con­
nected in series. In the presence of signal input voltages the relatively low ampli­
fication between the valves prevents the feedback network from being effective. 
In the absence of a signal the grid biases are such that noise voltages will be amplified 
sufficiently until the circuit operates as a multivibrator. One of the two valves is 
then always in a non-conducting condition and there is no audio output. This system 
is described by J. A. Worcester in G.E. Patent Docket 68743. Another useful circuit 
is given by R. A. Peterson in R.C.A. Patent Docket 21,998. This incorporates d.c. 
amplification and also requires the use of an additional double diode with separate 
cathodes. The diodes rectify noise output (which contains A-M) from the limiter. 
The d.c. voltage developed across the diode load is amplified and applied as a muting 
bias on the a-f amplifier valve. Unmuting occurs in the presence of a signal by using 
a negative voltage from the limiter grid to oppose the rectified voltage appearing 
across the diode load. 

Muting circuits are generally applied only to F-M receivers using the limiter and 
discriminator combination. The noise level between stations with receivers using 
ratio detectors or locked oscillator arrangements is generally fairly low, and muting 
is not usually considered to be so necessary in these cases. However, it is a relatively 
simple matter to utilize the rectified d.c. voltage available at the output of a ratio de­
tector (or also in a conventional discriminator, see Ref. 62 p. 120) to operate a muting 
system, since the rectified d.c. voltage is proportional to the strength of the incoming 
signal. 

SECTION 5 : NOISE LIMITING 

(i) General (ii) Typical circuit arrangements. 

(i) General 
The purpose of a noise (or crash) limiter in a radio receiver is to assist in the reduction 

of noise pulses, such as those due to ignition interference and crashes of static, so that 
their effects may be minimized at the receiver output. The difference between muting 
systems and noise limiters should be carefully distinguished, as they perform quite 
different functions in connection with the type of noise which they are meant to 
eliminate. 

Noise limiters in general follow two trends. One group " punches a hole " in the 
signal so that the receiver output is momentarily cut off. The other main group 
functions by limiting the maximum output to a value which is not appreciably greater 
than some pre-determined level. 

It can be shown fairly readily (Ref. 63) that the best results for noise reduction can 
be obtained by placing the limiter in the receiver at a point of low selectivity. The 
Lamb silencer (Ref. 65) for example, is usually placed after the first i-f stage and its 
operation is such as to cut off the plate current in the second i-f amplifier valve, 
momentarily. 

For many purposes elaborate noise limiting circuits (Refs. 65, 71) are not essential, 
and the tendency in the usual communications receiver is to use simple diode limiting 
to remove noise peaks. For amateur work sufficiently good results are often possible 
using audio output limiters (see Refs. 66, 67, 68). With the A-M receivers used in 
mobile communications systems a very elaborate noise limiter may be incorporated. 
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See also Chapter 16 Sect. 6 for speech clippers and Sect. 7 for noise peak and output 
limiters. 

The threshold of operation for noise limiters can be arranged for either automatic 
or manual setting for different signal input voltages. Good results are possible using 
automatic setting, but the more elaborate circuits practically always make some pro­
vision for manual control. 

(ii) Typical circuit arrangements 
The Lamb silencer can be made to give excellent results, but because it is rather 

elaborati:: it is not extensively used in commercial communications receivers. For 
a description of its operation, together with complete circuit data, the reader should 
consult Ref. 65. 

Fig. 27.47 shows a typical example of the" shunt" type 
of diode limiter. It is seen that the circuit to the left of 
the dotted line AB is the usual diode detector circuit and 
the component values are identical with those normally 
selected. The negative direct bias voltage is set to prevent 
the diode D2 from conducting until the peak input voltage 

a- exceeds the bias. When this occurs the diode D2 acts as 
a virtual short circuit, and there is practically no output 
from the detector circuit. 

1 A" series" type of diode limiter is shown in Fig. 27.48. 
>..F.-:-

1
11 r1G. 21. 47 The diode D1 is used for detection in the usual manner 

•511u.,•- Noisc Limiter Diode D2 is biased to be conducting with normal 
signal voltages applied to the detector circuit. For bursts of noise there is an in­
stantaneous negative voltage applied to the plate of D,, and when this negative voltage 
exceeds the positive bias the diode stops conducting and so opens the audio output 
circuit. A large amount of audio gain is required when this type of circuit is used, 
because of the low audio voltage available. 

These simple circuits have several disadvantages. Firstly they are both susceptible 
to hum because of heater-cathode leakage when the cathode of D 2 is above earth. 
For example this limits the size of the resistor R which can be used in the circuit 
of Fig. 27.48, and so results in a loss in audio output. (An increase on the value shown 
would be permissible however). A further disadvantage is that stray capacitances will 
allow some of the high frequency noise components to appear in the receiver output, 
even though the diodes are operating in the prescribed manner ; this can be largely 
overcome with care in layout and wiring to minimize stray capacitances. 

Automatic threshold control may be arranged with simple "series" and "shunt" 
limiters. Suitable methods are given in the references (particularly Refs. 62A, 64 and 

• 8+. 
StriC1.w' Oiodt Noitt L,m1ttr 

FIG, 27,48 

FIG, T/,49 Alltomotlc Noitt Umiting Cln:uit 



www.pmillett.com

1132 (ii) TYPICAL CIRCUIT ARRANGEMENTS 27.5 

70). However, a much more satisfactory circuit (Ref. 44) is shown in Fig. 27.49. The 
diode D, is incorporated in the usual detector arrangement and this circuit provides a 
variable bias voltage for the noise limiting diodes Di and D 3 • A short burst of noise 
voltage having a positive polarity will cause the diode D 3 to conduct and so flatten 
out the audio waveform. A noise voltage having negative polarity causes D 2 to con­
duct which then flattens out the negative peak of the audio output. In the absence 
of noise the positive and negative half cycles are ~qually damped and so distortion 
is redu,:;ed. 

Additional methods used for noise limiting in radio receivers are given in Chapter 16 
Sect. 7 ; methods of noise reduction for use with reproduction from records are 
described in Chapter 17 Sect. 7. 

SECTION 6 : TUNING INDICATORS 

(i) Miscellaneous (ii) Electron ray tuning indicators (iii) Null point indicator 
using Electron Ray tube (iv) Indicators for F-M receivers. 

(i) Miscellaneous 
A tuning indicator is a device which indicates, usually by means of a maximum 

or minimum deflection, when a receiver is correctly tuned. These indicators have 
taken a number of forms, particularly before the advent of the Electron Ray tuning 
indicator, originally called the " Magic Eye," and a few of these will be briefly dis­
cussed before considering the Electron Ray Tube in detail. 

TO Pl.ATE 
SUPPLY Bi" ..,. 

flG. 27.50 Saturated Rector Tuntn9 11\dicotcr 

One arrangement is to use a milliammeter connected in the plate circuit of a voltage 
amplifier valve which is controlled by a.v.c. Circuits of this type can also be arranged 
to indicate relative signal strength, and the meter scale may be calibrated in arbitrary 
" S " units. Another form is the saturated reactor or dimming lamp indicator. 
This uses a pilot lamp, in series with a special form of iron-cored inductance, which 
is excited from a suitable winding on the power transformer. A second winding on 
the inductance (or transformer) carries the plate current of one or more valves which 
are controlled by a.v.c. In this simple form the maximum plate current is sufficient 
to saturate the core and so reduce the impedance in series with the pilot lamp, which 
is then at full brilliance. When a signal is being tuned the plate current is reduced and 
the lamp dims. In order to make the pilot lamp reach full brilliance when the re­
ceiver is tuned to a station instead of dimming, a " bucking " current can be passed 
through another winding so that saturation occurs when the plate current is very 
small, instead of it occurring when the plate current is large. Both arrangements 
can be understood by studying Fig. 27.50. 
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A further arrangement is to use a neon tube in which the length of the illuminated 
column is proportional to the d.c. voltage obtained from a resistance connected in 
series with the plate of an amplifier valve controlled by a.v.c. 

(ii) Electron Ray tuning Indicators 
Electron Ray tuning indicators are the most popular of all the arrangements being 

considered. These indicators operate from either the signal diode or the a.v.c. diode 
circuit. The Electron Ray tube is not limited to use in receivers with a.v.c., since 
it operates to indicate a change of voltage across any part of the circuit. For example 
it may be connected to the signal diode circuit irrespective of the presence of a.v.c., 
or it may be connected across the cathode bias resistor of an anode bend detector. 
The correct type of Electron Ray tube to be selected for any position depends on the 
controlling voltage available. 

The most popular types of Electron Ray tube (e.g. 6U5/6G5) have a triode am­
plifier incorporated in the same envelope, so that the voltage necessary to obtain full 
control is decreased. In most types this amplifier has a remote cut-off characteristic 
so that the sensitivity may be high for weak signals and yet not cause " overlapping " 
on strong signals. Type 6E5 has a linear characteristic and is occasionally used for 
special applications. Type 6AF6-G has two independent Ray-Control Electrodes, 
one of which may be used for strong signals and the other for weak signals, but has 
no amplifier incorporated in the same envelope. 

In a typical receiver with delayed a.v.c. the Electron Ray tube may be connected to 
either the signal or the a.v.c. circuit, but since it will give no indication until the diode 
starts to conduct, it will not operate on weak signals when connected to a delayed 
a.v.c. circuit. Consequently most receivers using delayed a.v.c. employ the signal 
diode circuit for operating the tuning indicator. The disadvantage of this latter 
arrangement is that it introduces additional a.c. shunting effects on the detector diode 
load resistance and so leads to increased distortion at high modulation levels (see 
Sect. l(i) above). The a.c. shunting effects are minimized by using a high resistance 
in the grid circuit of the tuning indicator, a value of about four times the diode load 
resistance being typical.. In order to prevent flicker due to modulation, adequate 
decoupling between the diode load and the indicator. grid is necessary. A capacitance 
of about 0.05 · µ.F is usually connected from grid to ground, and this, in conjunction 
with the grid resistor previously mentioned, should lead to satisfactory operation (see 
Fig. 27.51). If simple a.v.c. is used (i.e. no delay voltage) it is preferable to operate 
the tuning indicator from the a.v.c. line to reduce a.c. shunting (see again Fig. 27.51). 
From the diagram it can be seen that with the switch in the " Det." position the grid 
of the tuning indicator is connected through a 2 megohm resistor to the detector diode 
circuit. With the switch in the" a.v.c." position the indicator is connected directly 
to the a.v.c. line. This shows the two alternative connections just discussed. The 
cathode of the tuning indicator is returned to a suitable tapping point on the cathode 
bias resistor of the power valve as discussed below. 

IMll •25Mn 

T T 
FIG. 27. 51 Method, for Appllcotlon of 1111 
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The cathode of the Electron Ray tube should be, as closely as possible, at the same 
potential as the cathode of the diode. If its cathode is more negative than that of 
the diode, grid current may occur thereby increasing the initial bias on the controlled 
stages and reducing the sensitivity of the receiver. Consequently if the diode cathode 
is earthed, the indicator tube cathode should also be earthed, but if the diode cathode 
is positive then the indicator tube cathode should also be positive by an approxi­
mately equal amount. One satisfactory method of obtaining this positive voltage, 
which however may only be used with a Class A power valve, is to connect the cathode 
of the Magic Eye to a tapping on the cathode bias resistor of the power valve. With 
this arrangement it is advisable for the tapping to be adjusted to make the cathode 
of the Electron Ray tube about 0.5 volt less positive than that of the diode in order to 
allow for contact potential in the indicator tube, the " delay " due to this small voltage 
being negligible. 

Alternatively, the cathode return of the Magic Eye may be taken to a suitable tap­
ping point on a voltage divider across the" B" supply. Due to the fairly heavy and 
variable cathode currents drawn by the older types of indicator valves it is essential 
that the voltage obtained from any voltage divider, or other source of voltage, should 
not be affected appreciably by a current drain of from O to 8 mA. It is for this reason 
that it is not satisfactory to tie the cathode of the indicator tube to that of the diode. 
With the newer " space charge grid " construction the cathode currents remain more 
nearly constant throughout life, and this allowance for change of current need not be 
made. However, it is not advisable to base calculations for cathode bias resi$tOrs 
on the published values of cathode currents since in some cases with valves of the newer 
construction, these are higher than the average currents. 

R1.+R2 • 16,700n 

FIG. 27.52 Circuit for Wl'd«-An9lc Tuning 

Overlapping of the two images is possible on very strong signals, whatever type 
of indicator tube is selected, but it is generally found with a remote cut-off type (such 
as the 6U5/6G5) that this is not often experienced under field conditions. Certain 
arrangements have been devised to reduce the tendency to overlapping, but none is 
free from criticism. Desensitization of the tuning indicator is readily applied, but 
affects indications on weak signals. The use of two separate tuning indicators, or 
a single type 6AF6-G with two separate amplifiers, one for weak and one for strong 
signals, is excellent but expensive. If the grid of the indicator tube is excited from 
the moving contact of the volume control the deflection will depend upon the setting 
of the control, and " silent tuning " will not be possible. 

Wide Angle Tuning with a maximum angle of 180° is practicable if an external 
triode amplifier is added (see Ref. 73). With this circuit (Fig. 27 .52) the edges of 
the pattern are sharp from 0° to about 150° to 180°. 

(iii) Null point indicator using Electron Ray tube 
A Magic Eye tuning indicator may be used in many applications as an indicating 

device, one of these being as a null point indicator for use with a.c. bridge circuits. 
Such an arrangement is preferable to the use of head phones or sensitive instruments, 
since it may be used without disturbance from external noises and is capable of with­
standing considerable overload without damage. The sensitivity of the type 6E5 
is 0.1 volt (r.m.s.) for a very clearly marked indication. When used as a null point 
indicator the 6E5 grid is biased approximately 4 volts negative, and the a.c. voltage is 
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applied between grid and a cathode. Any suitable pre-amplifying stage may be used 
to increase the sensitivicy of the device if desired. When an a.c. voltage is applied 
the sharp image will change to a blurred half-tone and as the null point is reached the 
image will again become sharp. A heavy overload may cause overlapping of the 
pattern, but this is not detrimental to the tube. 

(iv) Indicators for F-M receivers 
The usual types of electron ray tuning indicator such as the 6U5/6G5 and 6E5, 

have been adapted for use as tuning aids in F-M receivers, and several systems using 
these tubes will be described A special electron ray indicator designed for use in 
F-M receivers has been described by F. M. Bailey (Ref. 76), and has been commercially 
released as type 6AL7-GT. Data on the application of the type 6AL7-GT can be 
found in Ref. 77. and in the R.C.A. HB-3 Tube Handbook. 

A method that immediately suggests itself for connecting a tuning indicator to a 
F-M receiver using a limiter is shown in Fig. 27.53. This method of obtaining a 
control voltage, from the limiter grid circuit, for operating the indicator tube is by 
no means the best arrangement available. The disadvantage of the circuit is that, 
when a strong signal is being tuned-in, the maximum voltage at the limiter grid is 
not sharply defined, and exact tuning is almost impossible under this condition. 
The resistor R and capacitor C are used to provide decoupling, as the presence of 
a.c. components of voltage at the indicator grid will prevent the fluorescent pattern 
from being sharply defined. 

FIG. 27.53 
• II+.,. 

Simj>k T••lftt lndlcdtor Arr<1"9'1NM 
for F'-M lttc«lwr 

A much more satisfactory tuning arrangement is shown in Fig. 27.54. This is 
similar to the Philco Circuit shown in Ref. 75 but the two components R and C have 
been added. The additional resistor appears to be necessary if the d.c. voltages 
applied to the diode plates of the balanced rectifier are to be equal when the receiver 
is detuned by an equal amount above and below the centre frequency. Actual ad­
justment of R could be made to achieve more exact symmetry, but it is probable that 
in most cases the tuning operation would not be seriously impaired by leaving R 
and C out altogether. The operation of the circuit is straight forward. Assume 
firstly that the receiver is tuned to the centre frequency. The balanced rectifier has 
no voltage output, and the negative voltage developed across the resistor in the limiter 
grid is applied to the control grid of the tuning indicator, this voltage causing the 
pattern to close. When the receiver is detuned there is a voltage developed across 
R L' of the polaricy shown, due to the operation of the balanced rectifier. This voltage 
plus that developed in the limiter grid are added algebraically and the resultant voltage 
is applied between grid and cathode of the tuning indicator. Since the net bias 
voltage will always be less than that obtained when the limiter voltage alone is applied 
(the correct tuning position) the pattern on the tuning indicator opens. The indica­
tions given by this circuit are sharply defined, and in addition the indicator opens and 
closes in the same manner as for indicator circuits used in conventional A-M receivers 
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-:-

B·r250V 

FIG. 27. 54 T1,1nl119 lndicotar 0Ptrati119 from OltcrtmJnotor 01,1tput 

This latter feature is not available with similar arrangements operating from the dis­
criminator output alone. 

Tuning aids are sometimes used in receivers with ratio detectors. The simplest 
arrangement in this case is to take the control bias voltage from the a.v.c. take-off 
point, or to use whatever fraction of this total voltage that is thought to be necessary 
for operating the tuning indicator. 

SECTION 7: CRYSTAL DETECTORS 

(i) Old type crystal detectors (ii) Fixed germanium crystal detectors (iii) Fixed 
silicon crystal detectors (iv) Theory of crystal rectification (v) Transistors. 

(i) Old type crystal detectors 
Crystal detectors of the " catswhisker " type have been used for many years, but 

are very touchy, require frequent adjustment, and are affected by even slight vibration. 
However, when correctly adjusted, they make quite efficient detectors. Crystal sets 
are briefly mentioned in Chapter 34 Sect. l(ii). 

(ii) Fixed germanium crystal detectors 
These have the advantages of small size and of needing no heater supply, thereby 

avoiding the possibility of introducing hum into high impedance circuits. Their 
main disadvantages are that the impedance presented to negative voltages is com­
paratively low and dependent upon the applied voltage, and that the characteristics 
from unit to unit show comparatively large variations. 

Reverse resistance in a typical case varies from 2 megohms with 20 volts applied 
to 0.2 megohm at about 100 volts. In some circuits, e.g. a F-M ratio detector, this 
reverse conductance affects the operation and modifications are required to obtain 
satisfactory performance. The forward resistance is very low e.g. 200 ohms with one 
volt applied, falling below 100 ohms at somewhat higher voltages for a typical unit­
and this feature can be valuable in some applications. 

In this type of rectifier (see Ref. 79 from which this description is taken) as distinct 
from silicon rectifiers, the outstanding advantage lies in an ability to handle large 
voltages in the reverse direction, while in the forward direction, the slope (measured 
at + 1 volt) may be of the order of 100 ohms (10 mA at 1 volt). 

The slope in the reverse direction reaches a maximum resistance value at the order 
of - 2 volts, beyond which the resistance falls slowly until, at a particular voltage 
known as the " turnover voltage," the slope resistance falls to zero and then becomes 
negative. 
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Measurements of rectification efficiency at various frequencies up to 100 Mc/s 
indicate that the efficiency falls with frequency by an amount which depends upon 
the " turnover voltage," the higher the " turnover voltage " the lower the rectification 
efficiency. In view of this, crystals intended for use at very high frequencies have a 
maximum as well as a mimimum " turnover voltage " rating. 

A typical current/voltage characteristic is shown in_ Fig. 27.55. 
Rectification occurs at the junction between a metallic point and the surface of 

crystalline germanium. During manufacture this junction is treated to obtain opti­
mum impedance characteristic and time stability. After assembly, the metal point 
is cemented to the germanium to prevent dislodgment by vibration, and the complete 
assembly is sealed to prevent ingress of moisture. 

A characteristic of fixed germanium crystal detectors is their remarkable property 
of withstanding severe mechanical shock or vibration. The estimated life of the 
rectifier is indefinite-in excess of 10 000 hours. 

+ 

Voltogt 

TYPICAL GERMANIUM I · 
RECTIFIER CHARACTERISTIC 

+ 

FIG. 27,55 

There is little change in rectifier characteristics from 15°C to 50°C, but above this 
temperature up to l00°C, both forward and back slope resistances decrease slowly. 

The characteristics of germanium crystal diodes vary considerably, depending on 
the application and the manufacturer, but the following data are representative of 
the majority of types. 
Allowable direct current 
Allowable surge current 
Allowable reverse voltage 
Turnover voltage (reverse voltage for zero dynamic resistance) 
Minimum current with + 1 volt 

Reverse current with - 50 volts applied 
(this only applies to types having an allowable reverse 
voltage of 50 volts) 

Capacitance 
Maximum ambient temperature 
Minimum ambient temperature 
Maximum frequency 

20 to 60 mA. 
100 to 600 mA. 
25 to 250 volts 
40 to 275 volts 
2.5 to 15 mA 
(some are less than 
2.5 mA). 
40 to 1660 µA 

0.8 to 3.0 µ.µ.F. 
+70° to +85°C. 
-40° to -55°C. 
up to several hundred 
Mc/s. 

References to germanium detectors : 78, 79, 80, 81, 83, 84, 85, 85A, 85B. 

(iii) Fixed silicon crystal detectors 
The fixed silicon crystal detector is principally used as a frequency converter at 

frequencies above 100 Mc/s. Some designs go up to 1000 Mc/s, while others go 
as high as 5000 or 10 000 Mc/s. The silicon detector is liable to damage by transient 
voltage overloads in the reverse direction. The conversion loss is about 6 to 8 db. 

References to silicon detectors : 82, 83. 
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(iv) Theory of crystal rectification 
The modern theory of crystal rectification is given in Ref. 83: See also Ref. 79. 

(v) Transistors 
Transistors are crystal devices with three or more electrodes, which are capable 

of amplifying. A good introductory article is Ref. 86. See also Refs. 87, 88, 89, 90, 
91, 92, 93, 94, 95, 96. 
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CHAPTER 28 

REFLEX AMPLIFIERS 

BY F. LANGFORD-SMITH, B.Sc., B.E. 

I. General description 
2. Some characteristics of reflex superhet. receivers 
3. Design of plate reflex superhet. receivers 
4. Design of screen reflex superhet. receivers 
5. Design of T.R.F. reflex receivers 
6. References 

SECTION 1 GENERAL DESCRIPTION 

(i) Description (ii) Advantages and disadvantages of reflex receivers. 

(i) Description 

Page 
ll40 
1142 
ll43 
1145 
ll46 
1146 

A reflex amplifier is one which is used to amplify at two frequencies-usually 
intermediate and audio frequencies. 

Reflex radio and audio frequency stages have also been used in very small T.R.F. 
recf'ivers (see Sect. 5). 

Reflex receivers were fairly common in U.S.A. and Australia in the period 1934 
to 1937, but suffered from serious distortion and high play-through. These re­
ceivers usually had high a-f plate load resistors giving comparatively high a-f gain, 
low i-f gain and low operating plate voltages and currents. A.V.C. was not applied 
to the reflex stage which was frequently a sharp-cut-off valve such as the 6B7 or 
6B8. A considerable advance was made in Australia by the use of the remote cut-off 
type 6G8-G with a.v.c., and a further advance was made in the adoption of a com­
paratively low a-f plate load resistor. The latter enabled nearly full i-f gain to be 
obtained with normal voltages on the electrodes, thus increasing the maximum plate 
voltage swing for a limited distortion. The most common application of a reflex: 
amplifier in Australia• at the present time is in a 3/4 valve receiver comprising con­
verter, reflex stage, power amplifier and rectifier. The reflex stage in such a re­
ceiver amplifies at intermediate frequency, provides detection and a.v.c. from its 
diode or diodes, and then amplifies at audio frequency. It may be compared with 
a straight receiver in which the second valve is used as i-f amplifier and detector, 
the output from the detector being used to excite the power stage. Using the same 
valves and components in both cases, the reflex receiver may have a sensitivity up 
to 10 times that of the straight set. 

(ii) Advantages and disadvantages of refl.ex receivers 
Advantages of the reflex receiver 

1. Higher sensitivicy. 
2. Greater flexibilicy in design, permitting use of negative feedback either with or 

without tone compensation (bass boosting) for small cabinets. 

•Reflex receivers do not appear to be in commercial use in either U.S.A. or Great Britain at the time of 
writing. 

1140 
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Disadvantages of the reflex receiver 
1. Increased cost due to additional components. 
2. Increased tendency to overload on strong signals. 
3. More complicated design, although once a satisfactory design has been evolved 

there are no outstanding production difficulties. 
4. Somewhat increased distortion at high modulation percentages at medium and 

high input levels than for a well-designed straight receiver, although both are still 
in the same class. 

5. Play-through-that is the occurrence of a-f output with the volume control at 
its zero setting. This leads to a further defect known as the " minimum volume 
effect " whereby minimum volume from the receiver is obtained with the volume 
control at some setting slightly above zero setting At the point of minimum volume 
the signal is very badly distorted since there is a balancing-out of the fundamentals 
between the normal signal and the out-of-phase play-through signal. Both play­
through and the minimum volume effect may be reduced by good design so as not to 
be objectionable. See Sects. 2, 3 and 4. Perhaps a fairer comparison is between a 
3 /4* valve reflex receiver and a 4/5 valve straight set. In this case the reflex re­
ceiver will be more economical to produce, through the saving of one valve, while 
there will be a slight saving in space, heat dissipation and current consumption. The 
4/5 receiver is capable of being designed to have negligible play-through and may 
have slightly greater sensitivity. 

The design of reflex receivers must necessarily be a compromise, with juggling of 
inter-acting characteristics. However, by reflexing it is possible to achieve an ac­
ceptable performance which would not otherwise be obtainable with the same number 
of valves. The fact that reflex receivers form a substantial percentage of the Aus­
tralian market for 3/4 valve sets indicates that their performance _is acceptable. 

On account of the complicated inter-action which occurs in a reflex receiver, it is 
impossible to design the reflex stage alone ; the whole receiver must be treated as a 
single design unit. If any change is subsequently made in any other stage, it is 
usually necessary to make consequential modifications to the reflex stage for the best 
results. 

So far as sensitivity is concerned, a straight 3/4 receiver using modern valves can 
give 15 1N broadcast sensitivityt, and 30 µ.V short-wave sensitivityt, which for most 
applications is adequate. Nevertheless the higher a-f gain of the reflex receiver 
removes the problem, which is experienced with straight 3/4 sets, of preventing the 
a.v.c. from limiting the a-f output before the output valve is fully loaded. 

The advantages to be obtained at audio frequencies from reflexing a 3/4 valve 
receiver are considerable. A straight 3/4 valve set without an a-f stage almost in­
variably suffers from " bubbling " at high a-f outputs on strong signals, and to pre­
vent this the low frequencies are reduced as much as possible without making the 
reproduction too thin. With the additional stage of a-f amplification provided by 
reflexing, the regenerative effect which causes bubbling becomes degenerative, and 
the bass can be boosted to any desired extent without bubbling being experienced. 

In addition it is not possible in straight 3 /4 valve sets to use negative feedback 
for any purpose other than mild frequency correction because any reduction in the 
mid-frequency gain of the outpUJ: stage makes i-f overloading probable before the 
output valve is driven to full output. With reflexing an appreciable amount of the 
added a-f gain can be used for any desired form of negative feedback. 

Reflex superhet. receivers may be divided into two principal groups, those employ­
ing plate reflexing (see Sect. 3), and those employing screen reflexing (see Sect_. 4). 

*A 3/4 valve receiver is one having three amplifying valves and a rectifier. 
t For ~O milliwatta output. 
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SECTION 2 : SOME CHARACTERISTICS OF REFLEX 
SUPERHET. RECEIVERS 

28.2 

(i) Play through (residual volume effect) (ii) Over-loading (iii) Automatic volume 
control (iv) Reduction in percentage modulation (v) Negative feedback (vi) Opera­
ting conditions of reflex stage. 

(i) Play-through (residual volume eff'ect) 
This effect has been briefly described in Sect. 1. Play-through in a reflex receiver 

is due to the rectification caused by the curvature of the valve dynamic characteristics. 
Play-through increases as the input signal is increased, and may be measured with a 
large signal input-preferably with a high modulation percentage and with the volume 
control at zero. During design it may be found that play-through increases rapidly 
when the signal input to the reflex stage passes some critical level. In such a case 
the a.v.c. system must be designed to prevent signals of this magnitude from appear­
ing at the grid of the reflex stage. Since play-through is a function of rectification 
and therefore of the curvature of the characteristic, it is a variable depending on the 
bias. By plotting play-through for varying bias voltage on the reflex stage with a 
constant input signal to the reflex stage, it is possible to determine the range of a.v .c. 
voltages which may be applied to the stage without resulting in serious play-through. 
This may entail using only a small fraction of the developed a.v.c. voltage on the 
reflex stage. 

(ii) Overloading 
It is practicable to design a reflex receiver to handle input voltages up to 1 volt 

without serious distortion (of the order of 10% at 100% modulation). 

(iii) Automatic volume control 
The a.v.c. system should be designed so that high peak i-f plus a-f voltages are not 

built-up in the plate circult of the reflex stage. There are three principal a.v.c. 
systems in use : 

1. Full a.v.c. applied to both converter and reflex stages. 

2. Fractional a.v.c. applied to both stages, although the two fractions may be 
different. 

3. Full a.v.c. is applied to the converter and fractional a.v.c. to the reflex stage. 

The choice of converter valve has considerable bearing on the a.v.c. design. The 
use of a converter with a not-too-remote cut-off (e.g. 6BE6) assists in the reduction 
of play-through by limiting the maximum signal voltage applied to the grid of the 
reflex stage. 

If the fraction of the a.v .c. applied to the reflex stage is reduced too much, or omitted 
entirely, the reflex stage may run into grid current and cause "bubbling" with the 
volume control at maximum because the rectified a-f signal returned to the grid from 
the plate of the reflex stage may exceed the bias on the valve. If the fraction of a.v .c. 
applied to the reflex stage is increased too much, the a.v.c. characteristic will tend 
to reach a maximum output and then to fall with increasing input voltages. The 
worst effect of excessive control is the inability of a receiver to give full a-f output 
on strong stations even with the volume control at maximum. Also, in such a case 
the effect of tuning to a powerful signal is t•i produce less output when the receiver 
is tuned directly to the carrier than when it is tuned to one side, so that there are 
two adjacent tuning positions of maximum volume. A further effect of too large a 
fraction of a.v.c. voltage is the increase in play-through referred to above. 

As a criterion of good a.v.c. design, the volume control should be approaching its 
maximum position for maximum undistorted a-f output at any signal level. The 
minimum volume effect may be reduced by using a tone control which gives severe 
treble attenuation. 
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(iv) Reduction in percentage modulation 
With a large signal input and with the volume control at maximum, a reduction 

in the percentage of modulation occurs due to the curvature of the characteristics. 
Under laboratory conditions this can be quite considerable, for example 30% modu­
lation may be reduced to 10%, but it is usually unimportant with ordinary listening 
because it only occurs under conditions which would also cause overloading of the 
power stage. However, where a Scroggie-type of a.v.c. characteristic indicates 
serious a-f overloading with the volume control at maximum, the actual overloading 
with a strong input signal may be appreciably less than that indicated, owing to the 
reduction in percentage modulation . 

. (v) Negative feedback 
If full a.v.c. is applied to the reflex valve, a strong signal will then reduce the a-f 

gain, which in turn will reduce the. a-f feedback, if any. Under these conditions 
feedback is available on weak signals where it is not needed, but it is very much re­
duced on strong signals where it is most needed. As a consequence, negative feed­
back is only practicable with a small fraction of the a.v.c. voltage on the reflex stage. 

Negative feedback, in addition to its use for the reduction of distortion and for tone 
compensation, also assists very considerably in the reduction of play-through (e.g. 
Fig. 28.3). 

(vi) Operating conditions of reflex stage 
The reflex stage should be biased, with a very small signal, to give maximum gain 

unless this bias is insufficient to prevent the valve from drawing grid current due to 
a-f signals in excess of the bias voltage being applied to the control grid at input 
signals such that the a.v.c. has not yet become fully effective. 

Adequate r-f filtering of the demodulated signal is necessary before returning it 
to the grid of the same valve again, to avoid regeneration or actual i-f oscillation. 

SECTION 3: DESIGN OF PLATE REFLEX SUPERHET. 
RECEIVERS 

(i) General considerations (ii) Full a.v.c. applied to both stages (iii) Fractional 
a.v.c. applied to both stages (iv) Full a v.c. on converter, fractional a.v.c. on reflex 
stage. 

(i) General considerations 
The majority of reflex receivers are in this class. Plate reflexing is less critical in 

relation to valve operating point and less critical so far as design is concerned. How­
ever, under some conditions, screen reflexing will give less play-through. With 
high i-f gain in any receiver it is difficult to eliminate regeneration entirely without 
some filtering, but in a plate reflex receiver i-f decoupling is an inherent feature due 
to the plate circuit components, and no other i-f filtering is necessary. 

(ii) Full a.v.c. applied to both stages 
With suitable valve types, this very simple system is capable of handling an input 

of l volt (30% modulated) with distortion as low as can be obtained from any other 
a. v.c. arrangement. Current designs of reflex receivers employing this a.v.c. arrange­
ment have fairly high play-through but this may be due to factors other than the a.v.c. 
system. 

(iii) Fractional a.v.c. applied to both stages 
A typical example is Fig. 28.l in which a large fraction of the a.v.c. voltage is 

applied to the converter stage and a small fraction to the reflex stage. As a result 
of re<1.uced a.v .c. voltage on the reflex stage, the play-through is considerably reduced. 
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(iv) Full a.v.c. on converter, fractional a.v.c. on reflex stage 
An example of a receiver in this class is Fig. 28.2 in which one nin:th of the a.v.c. 

voltage is applied to the reflex stage. The receiver has a sensitivity of 40 1N (for 
50 mW output), the comparatively low sensitivity being due principally to the use of 
low Q i-f transformers. It is capable of handling an input up to I volt with complete 
stability under all conditions, and has several interesting features. The plate load 

•0015 
~F 

FIG,21,1 
Unc ~ 

.. Acr!al 500/1/1• 
To Heotm a. Diol I.amp 

Fig. 28.1. Reflex superhet. receiver with plate reflexing and fractional a.v.c. 011 both 
controlled stage~ (A. W.A. Radio/a Model 517-M). 
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FIG. 28.2 

Fig. 28.2. Reflex superhet. receiver with plate reflexing, full a.v.c. on converter and 
fractional a.v.c. on reflex stage (Ref. 1). 
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resistor was selected to provide optimum operation together with minimum hum ; 
a certain amount of hum neutralization is possible between the reflex (a-f) and power 
amplifier stages. Feedback in the reflex stage is neutralized by the very small fixed 
capacitances C.v, and Cs'.!., while a small degree of negative feedback is provided on 
the output stage. 

Considerably improved performance is obtainable by the use of type 6AR7-GT 
in the reflex stage, together with high Q i-f transformers. This avoids the necessity 
for neutralization and gives higher gain. Still higher gain is obtainable with a high­
slope output valve, although the play-through is increased thereby. This circuit 
arrangement has considerable merits and there are prospects that, by suitable choice 
of valve types and a.v.c. design, the play-through may be reduced to a low level. 

A possible alternative form of the circuit would be to use type 6BE6 converter, 
6BA6 reflex amplifier and a duo-diode-output pentode. 

SECTION 4 : DESIGN OF SCREEN REFLEX SUPERHET. 
RECEIVERS 

(i) Screen reflex receivers (ii) Comparison between plate and screen reflexing. 

(i) Screen reflex receivers 
In a screen reflex receiver the screen of the reflex stage is by-passed to earth for 

intermediate frequencies only, and the screen is coupled to the grid of the power 
stage for audio frequencies. For the same number of components and the same 
/!COnomy, screen reflexing permits the use of separate screen dropping resistors for 
the converter and reflex stages, thus giving greater flexibility in design and less inter­
action. The play-through is less than with plate reflexing and may be made quite 
small with the application of negative feedback. It is necessary for the diode-screen 
capacitance to be low, and in this respect the Australian type 6AR7-GT is satisfactory. 
The screen dropping resistor and grid bias must be designed for' optimum i-f gain; 
in the 6AR7-GT this also provides satisfactory a-f gain. Screen reflexing requires 
good hum filtering. 

With screen reflexing, careful design is necessary for optimum results to be ob­
tained. An example of a well designed screen reflex receiver is Fig. 28.3. This 
has been designed for high sensitivity with reasonably low distortion and low play-

Fig. 28.3. Reflex superhet. receiver with screen reflexing (Ref. 4). 
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through. The aerial sensitivity is approximately 5 µ.V for 50 mW output, and the 
signal to noise ratio is 10 to 13.5 db at 5 µ.V input. The distortion is 6.9% with an 
input of 1 volt, 30% modulated, but 12% with an input of 0.5 volt, 100% modulated. 
An output of 0.5 watt is obtained with 20 I• V input, 30% modulated. With an input 
of 1 millivolt to the aerial terminal, 30% modulated at 400 c/s, an output of 2 watts 
is obtained with 10% overall distortion. 

Feedback is applied by returning the lower end of the volume control to the voice 
coil. Maximum bass boosting is provided when the volume control is at the tap, 
which is adjusted for the lowest listening level. The high frequency peak and bass 
boosting are reduced as the volume control setting is increased towards maximum. 
The response above 5000 c/s is cut sharply by a combination of shunt capacitances 
together with negative feedback. The overall result is an automatic high frequency 
tone control which gives a " mellow " tone with weak signals and a normal radio 
tone on strong stations. The gain reduction due to feedback is 14 db with I mV 
signal input and with the volume control at its minimum position. The gain re­
duction decreases as the volume control is advanced. 

The conventional i-f filter in a reflex circuit is a series resistor from the volume con­
trol slider, connected to a by-pass capacitor at the cold end of the first i-f transformer 
secondary. These two components give phase shift at some high frequency with 
the volume control at its minimum setting, additional to the phase shifts already in 
the circuit and may thus cause oscillation when heavy feedback is applied with the 
volume control at zero. However if the resistor is wired in series with the hot end 
of the volume control, as in Fig. 28.3, with the volume control at its zero setting there 
is no series resistor in the feedback path, phase shift is reduced and high frequency 
peaks ( or oscillation) are avoided. 

Resistance-capacitance filtering is used here for economy. The plate supply 
voltage is 185 volts. One ninth of the a.v.c. voltage is applied to the reflex stage. 
The play-through is as low as in some commercial receivers that do not use reflexing. 

(ii) Comparison between plate and screen reflexing 
Plate reflexing is capable of higher a-f gain than screen reflexing, since the latter 

is limited by the" triode mu" of the reflex valve. For this reason, types 6AR7-GT 
and 6BA6 with grid-to-screen mu factors of 18 and 20 respectively are quite suitable 
for use in screen reflex receivers. However, plate reflexing gives more play-through 
than screen reflexing for similar conditions in both cases. 

Type 6AR7-GT as a screen reflex amplifier allows a higher gain in the output 
stage than a lower gain valve (e.g. 6G8-G) with plate reflexing, for the same play­
through performance in both cases, and similar converter conditions. 

SECTION 5: DESIGN OF T.R.F. REFLEX RECEIVERS 

In such a receiver the r-f amplifier is reflexed and used also as an a-f amplifier. 
The only application at the time of writing is to 2/3 valve receivers having a diode­
pentode as a reflexed r-f, a-f amplifier and diode detector, followed by a power pentode 
(e.g. 6AR7, KT61). A sensitivity of the order of 1000 µV (for 50 mW output) is 
practicable. A limited degree of regeneration assists gain and selectivity. 

SECTION 6 : REFERENCES TO REFLEX AMPLIFIERS AND 
REFLEX RECEIVERS 

I. "Radiotron Receiver RD3l: Four valve a.c. reflex circuit" Radiotronics No. 120 (July/Aug. 1946) 
71. 

2. A.R.T.S. and P. Bulletins Nos. 56, 57, 60, 63, 65, 66, 78, 84, 89. 
3. Beard, E. G. "Some dangers in the use of negative feedback in radio receivers" Philips Tee. Com. 

2/3 (1949) 3. 
4. Design by Amalgamated Wireless Valve Co. Pty. Ltd. Applications Laboratory. 
5. Watson, S. J. "Reflexed amplifiers" A.W.A. Tee. Rev. 4.1 (Jan. 1939) 35. 
6. R.C.A, "Application Note on the operation of the 2B7 or 6B7 as" reflex amplifier" No. 16 (July 7, 

7. ;f;i~~si R. G. D. " Designing a modern superheterodyne-three valve reflex circuit wjth forward 
and b,ckward a.v.c." W.W. 47,9 (Sept. 1941) 224; 47.10 (Oct. 1941) 261. 



www.pmillett.com

CHAPTER 29 

LIMITERS AND AUTOMATIC FREQUENCY CONTROL 

By B. SANDEL, A.S.T.C. 
Section 

1. Limiters 
2. Automatic Frequency Control (A.F.C.) 
3. References 

SECTION 1 : LIMITERS 
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(i) General (ii) Typical circuits for F-M receivers (a) Single stage limiter (b) Gas• 
caded limiters. 

(i) General 
In this section it is proposed to discuss only the conventional type of amplitude 

limiter using a pentode valve operating as a saturated amplifier. Other circuits, 
which combine the dual functions of detection and the removal of amplitude variations, 
such as the ratio detector and locked oscillator, will not be treated here. The ratio 
detector has been discussed in detail in Chapter 27 Sect. 2. Details of several other 
alternative systems can be found in Refs. 2, 5, 6, 7 and those at the end of Chapter 27. 

The need for some form of amplitude limiting was stressed in Chapter 27 Sect. 2, 
when the phase discriminator was being discussed. It was pointed out that the diodes 
in a phase discriminator are amplitude modulation detectors, and if undesired ampli­
tude variations are not to appear in the receiver output the amplitude of the voltage ap­
plied to the discriminator should be constant. This was emphasised by reference to 
eqns. (20) and (21), where it was seen that the product g.,E. should be held constant 
if the discriminator sensitivity is to remain fixed for a given frequency deviation. 

Circuit arrangements for limiters in F-M broadcast receivers have become quite 
stereotyped. Sharp cut-off pentodes having fairly high values of g,. are the usual 
choice, and typical of these are types 6SJ7, 6SH7 and 6AU6. The limiting action 
is brought about by a combination of grid-leak bias and low values of plate and screen 
voltage. Grid-bias limiting is obtained by adding a resistor and capacitor, of suit­
able value, to the grid circuit and using zero or very small values of cathode bias. 
The grid circuit arrangement is the same as for a grid-leak detector, and the operation 
is almost identical since the average negative bias on the grid is determined by the 
e. i. characteristics of the valve in conjunction with the associated circuit. The 
value of the average grid bias, together with the low screen voltage, determine the 
condition for which plate current cut-off occurs. Any signal input voltage whose 
amplitude is sufficiently large will cause the average negative bias to increase and so 
tend to hold the output voltage constant. Because of the low values of plate and 
screen voltage the plate voltage swing is limited to a comparatively small value and, 
for an input signal of sufficient magnitude, there will be practically no corresponding 
increase in output voltage when the signal input voltage is increased. 

The added damping on the i-f transformer secondary, which connects to the limiter 
grid, is given approximately by R .12 or R .13, depending on the circuit arrangement, 
in exactly the same way as discussed previously for a diode detector ; R O being the 
value of resistance selected for the grid leak. This should be taken into account (as 

1147 
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well as circuit detuning caused by changes in the valve input capacitance) when the 
i-f transformer is being designed. 

The necessity for high gain in the receiver stages preceding the limiter stage will 
be appreciated when it is realized that a minimum of about 2 volts peak is required 
at the limiter grid to obtain satisfactory operation with a typical circuit arrangement ; 
it is preferable to have voltages of the order of 10 to 20 volts peak for best results 
under adverse condition of reception. Since this limiter input voltage must be 
obtained with the smallest signal input voltage likely to be met in the field, the gain 
of the preceding stages in the receiver should be sufficient to give satisfactory limiter 
operation with signal voltages as low as 2 or 3 µ,V; in F-M mobile communications 
applications the limiter should saturate with signals of less than 1 µ, V. Also, because 
the conversion from F-M to A-Min the discriminator usually results in a low equival­
ent value of percentage amplitude modulation, it is necessary for the limiter output 
voltage to be large if the detected audio voltage is to be sufficient to drive the audio 
amplifier to full output ; this means that something in excess of IO volts peak is 
desirable at the plate circuit of the limiter. 

For completely satisfactory amplitude limitation two limiter stages are necessary. 
However, because of the cost factor, commercial domestic type receivers seldom use 
more than one limiter stage. When two stages of limiting are used, it is essential 
that the coupling circuit between them should not introduce any appreciable ampli­
tude modulation due to its selectivity characteristic. The selectivity should be suffici­
ent to attenuate harmonics of the intermediate frequency generated by the limiter, 
although this is also accomplished by the primary of the discriminator transformer ; 
with single stage limiters the discriminator transformer is relied upon to give the 
necessary attenuation of the i-f harmonics. Transformer coupling between the two 
limiter valves is the most satisfactory arrangement, but single tuned circuits are often 
used. 

The choice of the time constant for the grid resistance-capacitance combination 
is important. It must be sufficiently short for the grid bias to be proportional to 
changes in amplitude, but not so short as to prevent the bias change from being suffici­
ently large to control the amplification of the limiter stage, so as to offset any change 
in signal input voltage. For a single stage, limiter time constants of 2.5 microseconds 
are usual, although IO to 20 microseconds and even higher have been used in some 
receivers. For two stages the first limiter grid circuit uses a time constant of 1.25 
to 5 microseconds and 2.5 to 10 microseconds or longer in the second stage, in typical 
cases. The longer time constants of 10 to 20 microseconds are suitable for most 
types of noise impulses, but some forms of motor car ignition noise are more com­
pletely suppressed when the shorter time constants are used. A careful choice of 
the time constants is necessary if the noise is not to be heard in the receiver output 
because the bias on the limiter valve must be able to follow the changes in the ampli­
tude of the input voltage. 

No matter how effective the amplitude limiters may be and how carefully their 
time constants are chosen it will often be found that the F-M receiver will not effec­
tively suppress bursts of noise such as those emitted by car ignition systems. To 
obtain the best results it is most important that the pass band of the receiver be sym~ 
metrical and that the centre frequency of the i-f amplifier coincides exactly with the 
centre frequency of the discriminator. A useful test is to align the receiver on an 
unmodulated carrier at the signal frequency and then to switch off the carrier ; if 
the alignment is correct, and the circuits symmetrical, a d.c. vacuum' tube voltmeter 
connected across the discriminator output will give a reading of approximately zero 
( of course the usual noise will be heard from the receiver output). Small inaccuracies 
often arise when the receiver is aligned so as to give maximum grid current at the 
limiter stage, or stages, even though the signal (unmodulated carrier) frequency is 
such that zero d.c. output voltage is obtained from the discriminator. The grid 
current reading is usually rather broad, and it will be found that the i-f and limiter 
circuits, in particular, can often be realigned to give zero d.c. output voltage at the 
discriminator on noise without reducing the limiter grid current on signals. As a 



www.pmillett.com

29.1 LIMITERS-(i) GENERAL 1149 

further check on alignment and symmetry the receiver is tuned very carefully to an 
unmodulated carrier so that the a.c. voltage at the output transformer is a minimum 
(i.e. for maximum quieting) and for this condition the reading of the d.c. voltmeter 
at the discriminator is noted ; then it will usually be found that this latter reading is 
the same as that obtained from noise alone. (A casual reading of the text may not 
bring out the full significance of this test, but a practical trial will lead to a better 
appreciation of its possibilities). If minimum noise output, zero d.c. discriminator 
output voltage, and maximum limiter grid current do not all occur at the same carrier 
frequency, then in general the optimum conditions for impulse noise rejection have 
not been obtained. 

For applications other than domestic receivers the above factors require very care­
ful attention. 

(ii) Typical circuits for F-M receivers 
(a) Single stage limiter 

A typical single stage limiter is shO\l,'Il in Fig. 29.1, and an alternative arrangement 
is shown for the input circuit in Fig. 29.2. The time constant for R,C, is 2.5 micro­
seconds in each case. 

10•7M</• 50 F 

~ Cg l•FTrc'r ....13 l!g 
T so,ooo.n.,,. 

The operation of both circuits is identical, but the damping of the i-f transformer 
due to grid current is less with the arrangement of Fig. 29.1, being approximately 
50 000/2 25 000 ohms. The damping in the alternative arrangement is 50 000/3 
= 16 600 ohms. Whichever circuit is used will depend, largely, on the additional 
damping required on the transformer to achieve the required bandwidth or, perhaps, 
upon considerations of practical convenience. The general method of operation 
has been discussed in (i) above. 

If complete valve char!\cteristics are available then a preliminary design can be 
made, but the work involved is hardly worth the effort because of the ease with which 
the practical circuit can be Iru1de to give satisfactory results using experimental pro­
cedures. For a calculation of gain, or overall discriminator sensitivity, it is 
necessary to determine the mutual conductance under the actual operating conditions. 
This can usually be determined, with sufficient accuracy for a preliminary design, 
from the valve data sheets by ignoring the change in plate voltage (provided the 
change in plate current with plate voltage does not fall too far down on the knee of 
the plate characteristics). For example, a type 6AU6 is to be operated with 50 volts 
on the plate and screen, and zero ~rid bias. From the average characteristics relating 
grid No. 1 vob to transconductance, the gm is 4000 micromhos for zero bias, 50 volts 
on the screen and 250 volts on the plate. For typical cases of the type being con­
sidered, the gm so found is usually about 10% high, and so 3600 micromhos would be 
a closer approximation. Alternatively, the valve can be set up as a straight amplifier 
with the appropriate d.c. voltages applied, and a 1000 ohm resistor connected as the 
plate load. Then with I volt of a-f input (from a source of low d.c. resistance) the 
output voltage will equal the gm in mA/volt ; the actual input voltage is selected so 
that the stage just starts to saturate. However, overall measurements of actual cir­
cuit performance are preferable. 
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+250V 4-250V 

(b) Cascaded limiters 
A typical circuit for a two stage (cascaded) limiter is shown in Fig. 29.3. In this 

case the time constant of the grid resistance-capacitance combination is 1.25 micro­
seconds for the first stage, and 20 microseconds for the second stage. 

It should be noted that the limiters not only have to remove peaks of noise, but 
they must also remove the amplitude modulation introduced onto the frequency 
modulated signal by the receiver circuits which precede the limiters. Methods for 
estimating the percentage amplitude modulation introduced by tuned circuits are 
given in Chapter 26 Sect. 4. It will be realized that A-M introduced by the receiver 
itself makes it more difficult to effectively remove A-M introduced by external noise 
voltage sources. 

For the transformer T, shown in Fig. 29.3, coupling the two limiter stages, it is 
essential that the amplitude modulation introduced by its selectivity characteristic 
should be as small as possible. However, its selectivity characteristic is helpful in 
removing harmonics of the i-f generated by the limiter, and so a practical compromise 
between the two conflicting factors is necessary. A critically-coupled transformer 
is recommended, and the primary and secondary Q's (uncoupled) can be about 30 
for an i-f of 10.7 Mc/s. The stage gain will be roughly 6 times depending on the 
circuits constants selected, and the magnitude of the input voltage. 

From the circuit arrangements of Figs. 29.1 and 29.3 it will be noticed that the 
screen voltage is supplied from a voltage divider in each case. This arrangement 
is recommended in all cases, but in mobile communications receivers it will be found 
that many circuits use only a series screen resistor ; the main advantage of this latter 
arrangement is economy in the total H.T. current drawn by the receiver. 

SECTION 2: AUTOMATIC FREQUENCY CONTROL 

(i) General principles (ii) Discriminators for a.f.c. (iii) Electronic reactances. 

(i) General principles 
Although the description given below of automatic frequency control (a.f.c.) systems 

is confined to simple applications in broadcast receivers, it should not be overlooked 
that the same general principles are applied in many other types of equipment and 
are used, for example, to obtain frequency stabilization in F-M transmitters, micro­
wave radar receivers and transmitters etc. 

Automatic frequency control in a superheterodyne radio receiver is an arrangement 
for controlling the local oscillator frequency in such a way that, when a signal is being 
received the correct intermediate frequency will be produced. For example, if a 
receiver is manually tuned so that it is, say, 3 Kc/s away from a desired signal the 
oscillator frequency will be varied by the a.f.c. system so as to produce the correct 
intermediate frequency (or at least within 100 c/s or so of the correct value, since 
exact compensation is not possible). Alternatively, the oscillator frequency may drift 
because of temperature or humidity variations affecting the values of the circuit com­
ponents, and a.f.c. will tend to compensate for this frequency variation. However, 
the frequency stability of the receiver should be made as good as possible without 
relying on the a.f.c. system. 
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The most useful application of the system in broadcast receivers is with those re­
ceivers having autorn.atic tuning e.g. push-button station selection, and cam or motor 
driven variable capacitors. In cases of this type the tuning may not be accurate 
over extended periods of time, and a.f.c. may be used effectively to carry out the final 
adjustment when the respective capacitances and/or inductances have been selected 
by the automatic tuning system. 

There are two devices necessary for any a.f.c. system. These are 
(1) A frequency discriminator, which must be capable of changing a frequency 

variation into a suitable direct voltage change which can be used for control purposes. 
(2) A variable reactance, whose value can be controlled by the direct voltage changes 

_due to the frequency discriminator. The variable reactance is connected to the 
oscillator circuit in such a way as to control its frequency. 

Frcqu<ncy 
Oiscriminator 

The complete arrangement can be visualized with the aid of the block schematic 
of Fig. 29.4. It is seen that the additional elements to those normally found in a 
superheterodyne receiver are the frequency discriminator and the variable reactance. 
The variable reactance in the discussion to follow will be of the electronic type con­
sisting of a valve (which can be a pentode, a hexode or a heptode) and its associated 
circuits. It will also be inferred from Fig. 29 .4 that the frequency discriminator 
can be used for normal detection, since there are suitable audio voltages developed 
in this circuit by the applied modulated i.f. voltage. 

Suitable voltages for a.v.c. are also available from the discriminator output, but 
in this regard it is necessary to point out that a very efficient a.v.c. system is helpful 
in obtaining satisfactory operation from the a.f.c. system. If reasonably constant 
input voltage to the discriminator is not maintained, there will be a variation in the 
" pull-in " and " throw-out " frequencies, Because of the stringent a:v .c. require­
ments it is fairly common practice to employ a separate diode coupled to the trans· 
former primary, in the usual manner, to provide the a.v.c. bias voltage. There is 
also a di~advantage in taking the a-f voltage from the discriminator output as the 
distortion tends to be fairly high. However, in most commercial receivers the c:os, 
factor leads to some arrangement such as that of Fig. 29.8. 

Signol 
Voltoqc 

FIO,. 29.S 

A much more satisfactory method (although considerably more expensive) of 
obtaining a.f.c. is illustrated by the block schematic of Fig. 29.5. In this case the 
valve used as an a.f.c. converter and limiter is loosely coupled to the primary of the 
last i-f transformer. The 455 Kc/s signal is converted to 50 Kc/s to operate the 
a.f.c. discriminatcr, and the d.c. output voltage then controls the variable reactance 
in the usual manner. The use of limiting is helpful in maintaining a constant am­
plitude for the voltage to be applied to the discriminator. It will also be noticed 
that the functions of detection and a.v.c. have been separated from the a.f.c. system. 
A complete circuit using this arrangement can be found in Ref. 15 (page 103), to­
gether with a number of other commercial a.f.c. circuits of various types. 
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(ii) Discriminators for a.f.c. 
The function of the frequency discriminator in an automatic frequency control 

system is to provide a suitable direct controlling voltage for application to the elec­
tronic reactance. When the receiver is tuned exactly to the signal frequency, the volt­
age output from the discriminator should be zero, or else have the same value as that 
provided in the absence of a signal, so that the controlled reactance will have its normal 
value. At frequencies above and below the correct frequency the controlling voltage 
should be appropriately above and below the mean voltage. The operation in con­
nection with a phase discriminator has been discussed in Chapter 27 Sect. 2. The 
manner in which the output voltage will vary with the frequency change for either the 
amplitude or the phase discriminator can be seen from Fig. 29.6. 

(-) 

FIG, 29.6 

The polarity of the output voltage with frequency change is all imponant, and, as 
the electronic reactance is practically always inductive in a.f.c. systems used in tunable 
broadcast radio receivers, the polarities of the direct output voltage with frequency 
change as indicated on Fig. 29.6 will be correct. One purpose in making the re­
actance inductive is so as not to limit the frequency coverage of the receiver. This 
follows because it is often difficult to keep the minimum capacitance of the tuning 
unit to a sufficiently low value, and it is hardly wise to deliberately increase this capacit­
ance unnecessarily. However, if carefully designed, the undesired added capacitance 
due to the capacitive reactance unit can be made very small. 

The effect of the added parallel inductance can usually be offset fairly readily by 
increasing the inductance of the oscillator coil. With receivers using push-button 
tuning where the circuits are of the preset type either the inductive or capacitive form 
of electronic reactance is satisfactory. For receivers with inductance tuning a capaci­
tive electronic reactance is usually preferable. The degree of frequency correction 
is not constant over a band of frequencies, and this again suggests an inductive elec­
tronic reactance when the circuits are tuned by a variable capacitor, since the least 
error is obtained at the low frequency end of the tuning range where the receiver is 
most selective. 

It may be helpful to follow through the steps leading to the polarities shown for 
the direct voltage with frequency change. Suppose the receiver is tuned to a signal 
of 1500 Kc/s. Then the oscillator will be set at 1955 Kc/s to give an i-f of 455 Kc/s, 
and there will be no direct voltage output from the discriminator. If now the oscillator 
drifts to 1957 Kc/s the i-f produced will be 457 Kp/s, and a direct voltage of negative 
polarity will be produced by the discriminator and applied to the reactance valve. 
The equivalent inductance of the electronic reactance is inversely proportional to 
mutual conductance (gr.,) and so, as a more negative bias voltage reduces gm, the 
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shunt inductance across the oscillator coil is increased, the total inductance in the 
oscillator circuit is now increased, thus lowering the oscillator frequency as required. 

The two most commonly used types of discriminator circuits are shown in Figs. 
29.7 and 29.8. The first is generally known as the Round-Travis circuit (see Ref. 
10), and is a typical example of an amplitude discriminator. The secondary circuits 
A and B are so tuned that A has its resonant frequency slightly above the intermediate 
frequency and Bis set slightly below the i-f (say +5 Kc/sin one case and -5 Kc/s 
in the other). Each secondary circuit has its own diode detector and the diode loads 
are connected in d.c. opposition, so that when the i-f is greater than the required value 
of 455 Kc/s (and since the voltages developed across R1 and R2 have the polarities 
shown) the voltage across R1 is greater than that across Ra and the a.f.c. bias voltage 
is negative as is required for correction of the oscillator frequency. For example, 
the voltage across R1 may be 4 volts when that across R2 is 3 volts, then the available 
a.f.c. bias is -1 volt . 

... v.c. 8+ 

The design procedure for an amplitude discriminator for a.f.c. is set out in detail 
in Ref. 8. Since this type of circuit is seldom used in modem a.f.c. systems the details 
of its operation will not be discussed further. There are a number of alternative 
arrangements for the amplitude discriminator, and some of these are discussed in 
Refs. 8, 9, 11, 15 and 13. It will be appreciated that a circuit of this type could be 
used for F-M detection as an alternative to the phase discriminator, and several manu­
facturers have produced F-M receivers using modified amplitude discriminators 
(see Ref. 39 given at end of Chapter 27, for typical examples). 

A.V.C. 

Fig. 29.8 shows the most commonly used circuit, the phase (or Foster-Seeley) 
discriminator. In this circuit both primary and secondary circuits are tuned to the 
intermediate frequency. It will be seen that the circuit arrangement is identical 
with that of the F-M phase discriminator shown in Fig .. 27 .19, and the general dis­
cussion of its operation and the loading effects on the transformer apply equally well 
here. The de-emphasis circuit is not required here, of course, but the same general 
arrangements can be retained to provide r-f and a-f filtering, since only a direct control 
voltage is required. Suitable values for the filter circuit are R1 equal to 0.5 2 MQ, 
and C6 is, say, 0.05 - 0.1 µF. The considerations governing the choice of the com­
ponent values can be compared with those for selecting filter components for auto-
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matic volume control circuits, and a time constant for R6 C6 of about 0.1 second is 
usual. The circuit arrangement of Fig. 27.17 could also be used here, and, if the 
primary circuit is too heavily damped, an additional series resistor can be inserted 
between the transformer centre-tap and the junction of the diode load resistors R 3 

and R 4 ; however, this will lead to some loss in available output voltage, depending 
on the value of series resistance selected. The difference in the by-pass capacitor 
arrangements (i.e. C5 and C7) for Figs. 27.17 and 27.19 (or Fig. 29.8) should be ob­
served, and the discussion in Chapter 27 Sect. 2, in connection with Fig. 27.19 will 
be helpful, if the reasons for the arrangements are not immediately obvious. The 
considerations leading to the choice of actual circuit values will differ because the 
a.f.c. discriminator is usually designed for high sensitivity rather than for a very high 
degree of linearity. 

The theory of the circuit for a.f.c. use has been discussed by Roder (Ref. 14) and 
design procedures have been treated in detail in Ref. 8. A brief discussion, which is 
quite helpful, is given in Ref. 13. 

The method of obtaining a-f output and a.v.c. bias from the a.f.c. discriminator 
circuit is also shown in Fig. 29.8. To retain the same degree of selectivity as that 
obtained with a similar receiver not incorporating a.f.c. one extra tuned circuit is 
required. This is necessary because the discriminator provides very little selectivity 
as a result of the heavy loading effects produced by the diodes. There is some in­
crease in gain over the usual arrangement where the a-f detector is connected across 
the i-f transformer secondary only. 

The frequency at which the a.f.c. will come into operation when tuning a signal is 
called the "pull-in frequency." When tuning away from a carrier the frequency 
at which the a.f.c. loses control is called the" throw-out frequency," and it is always 
greater than the" pull-in frequency." It is desirable to make these two frequencies 
as close as possible, because stations which are received when tuning-in may be passed 
over when tuning-out. Many receivers incorporate arrangements for disconnecting 
the a.f.c. until a carrier has been approximately tuned-in (see Refs. 8, 15). 

Some of the general details of the discriminator design will be set out here, and the 
reader is referred to Refs. 8, 9 and 14, in particular, for further information. Con­
sider Fig. 29.8. Typical values for R3 and R 4 are 0.5 MQ. Capacitors C6 and C1 

must give adequate by-passing at the intermediate frequency of 455 Kc/s, and suit­
able values would be 100 to 200 µµF. C3 is usually 100 µ,µ,F. Values for Rs and C, 
have been discussed previously. The valve V1 is any of the usual voltage amplifier 
pentodes such as type 6SK7 etc., and V2 is a double diode such as the types 6H6 or 
6AL5. The next step is to select a suitable value for the inductance of the r-f choke. 

As the inductance and capacitance of the choke will affect the resonant frequency 
of the transformer primary (L1C1) and its Q, care is necessary. The choke, in associa­
tion with the transformer primary circuit, can be represented by the equivalent circuit 
of Fig. 29.9 in which g ,.e O represents the equivalent constant current generator for 
the pentode voltage amplifier ; r ~ is the plate resistance ; C1 is the total primary 
capacitance including strays ; L1 is the primary inductance and R1 its r-f resistance ; 
C3 is the capacitor connecting the plate circuit to the choke L 0 (whose r-f resistance is 
R 0); C0 represents any distributed or stray capacitances across L 0 ; Rd, = R 3 R 4 

the diode load resistance. It should be apparent that three cases can arise with the 
choke (Ref. 14) :-

(1) The capacitance C0 negligibly small. 
(2) The capacitance C0 small enough to still allow the choke to be self resonant 

well above the intermediate frequency, but the value of C0 to be such as to 
appreciably affect the resonant frequency of the complete primary circuit. 
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(3) The choke resonant at the intermediate frequency. 
It follows from (1) and (2) that L, and C1 should have a resultant capacitive reactance 

at the intermediate frequency, and in case (3) L1 and C, should be resonant at the 
intermediate frequency. · 

Considering the above three cases in conjunction with Figs. 29.9 and 29.8, it can 
be seen that the derivation of the conditions for discriminator transformer primary 
resonance, voltage step down between the transformer primary and the choke, and 
the resultant Q's for the complete discriminator transformer, will follow fairly readily. 
The derivations are available in Ref. 14, and the results, which are good approxima­
tions, are summarized below {with some modifications, as well as changes in notation). 

Case (1) (Choke capacitance C0 negligibly small). 
Condition for primary circuit resonance, 

XLo - Xes Xe, 

XL1 XL, - Xe, 
Voltage step down, 

Xes 
ci: = 1 --- XL 

0 

(1) 

(2) 

Reciprocal of equivalent primary circuit Q (this leads to simpler numerical evaluation), 

1 1 Xi 0 ( 1 1) -+-- + ci:•x -- +-Qp Q0 Ra,/4 Lo Q,XL
1 

r., 
(3) 

Secondary circuit Q (since the diode loading is Ra.) is 
Q, Q~ •• 

Q,X, + R 4 , 
(4) 

and this equation applies for the three cases-
where X Lo wof,0 = inductive reaetance of choke L0 

X e
3 

1/ woCs = capacitive reactance of C, 

XL, wol,1 = inductive reactance of L, 
Xe, 1/ "'oC1 capacitive reactance of C1 

w 0 2n X intermediate frequency 
Qo magnification factor of choke L 0 

Q1 magnification factor of L1 
R •• R, R4 = diode load resistance value 

r., plate resistance of voltage amplifier valve 
Q, magnification factor of L2 

and X, = wol,2 inductive reactance of L 2• 

Case (2) (Choke capacitance small but not negligible). 
The angular resonant frequency of the choke is 

"'r 1/VL.c. (5) 

X' Lo = X Lo ( w • 

Qo( 1 r 

Wr
2 

) 

wo• 

"'•)2 
w, 

Q'o 

(6) 

(7) 

where C0 distributed capacitance of the choke, and all the other symbols are 
exactly as before. 

Equations {6) and (7) are used directly with eqns. (1), (2) and (3) substituting X' L 

b~~~b~ o 

Case (3) (Choke resonant at intermediate frequency). 
The inductances L1 and L2 are connected in parallel, and ci: can be taken as unity 

(since Xe, will be small, compared with the dynamic resistance of L 0 C0), so that the 
equivalent primary circuit reactance required to give parallel resonance is 
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XL1XL0 

XLl + X1,: x. (8) 

The reciprocal of the equivalent loaded primary circuit Q is 

I X [~L- 4- I t I + ___ l ___ ] 
" Q.xLo . rp Rd,/4 

(9) 

All notation exactly as for case 

It should be noted in all cases that the loaded Q's refer to the case where the primary 
and secondary are uncoupled from one another. This is the usual definition. 

We are in a position to proceed with the determination of suitable values for the 
primary and secondary circuits of the discriminator transformer, since all the external 
effects can now be taken into account. What is required next are methods for de­
termining optimum values for Q,, Q,, L. and L,( = L 2) where these factors have 
the meanings given by eqns. (1 ), (3 ), ( 4) etc. and L ,( = L 2) is the secondary inductance 
(since its value is not changed by the presence of the choke). If the choke is not 
used XL

1 
Xc

1 
= x. and so L 1 L.; the procedure is then as for any other phase 

discriminator. The design factors, as well as the bandwidth and sensitivity calcu­
lations given below, apply equally well for all phase discriminators provided the values 
of Q, L and k (coefficient of coupling) so determined are those actually obtained in 
the receiver. 

Optimum values for 
can be found from 

for various values of L,/L, [see Refs. (8) and(9)] 

k(Q Q )¼ _ [(Q0
2
Q,' + 2Q,Q,'L,/L 0 )• 

• ' Q,2L,/L 0 

Several values are listed below, 
L,/L0 = 1 
Q.IQ, 1/2 o.786 
Q,/Q, = 1 0.856 
Q.IQ, 2 o.909 

2 
0.707 
0.785 
0.855 

Q.Q,] ½ 

4 
0.625 
0.707 
0.786 

6 

0.578} 
0.657 k(Q 0 Q,)½. 
0.740 

(10) 

The sensitivity of the phase discriminator at the intermediate frequency (10) has 
been derived in Refs. (14) and (8). It is given by, 

S 2gmQ.X,.,,Q,
2
(L,/L,)•[ k ] 

Jo (1 + Q.Q,k)" ( 1 + Q,:tL•r 
p 

(11) 

and is expressed in direct volts output per Kc/s off tune, for each I volt (peak) input 
to the i-f amplifier valve V1 (Fig. 29.8). 

The symbols are the same as those used previously, with the addition of g,,.. the 
mutual conductance of V" and "I is the detection efficiency of the diodes V 2• 

It is necessary to estimate the peak separation for the discriminator characteristic 
of Fig. 29.6. This can be found (Ref. 8) from, 

2t.1f f'!_ tan ef, (12) 
Q, 

where ef, cos-{16 + (Q~k)'L,/LJ ½_ 

For many practical cases it will be found sufficiently accurate to take tan ef, 1 in 
eqn. (12). 

(iii) Electronic reactances 
There are a number of forms which electronic reactance circuits may take and a 

few of these are given below. 
(1) Resistance in series with a capacitance. This arrangement is shown in Fig. 

29.10, but since the circuit imposes severe resistive loading on the oscillator circuit 
its use is not advised. (See Ref. IO). 
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(2) Miller effect c!rcuits. These circuits (Fig. 29.11) rely on the change of 
input capacitance which occurs when the gain is varied. If the plate load can be 
tuned so that it behaves as a pure resistance, then the valve input resistance can be 
made very large. For the circuit shown there will be a resistive input component 
due to Miller effect because of stray capacitance across the load resistor. The applica­
tion of the circuit is largely confined to use with fixed tuned oscillator circuits. 

Rtoetonc« Bfo1 from 
1 VolYC OiHrimincnor 
IA 

FIG. 29,12 

(3) Quadrature circuits (Figs. 29.12, 29.13). The grid is fed from a resistance 
reactance network connected between plate and cathode. This provides a voltage 
between the grid and cathode which is almost 90° out of phase with the plate to 
cathode voltage. The source of the alternating plate to cathode voltage is the voltage 
developed across the tank circuit of the oscillator (see Fig. 29.12). Since the plate 
current is in phase with the grid voltage (for valves having high plate resistance) the 
plate voltage and plate current will be approximately 90° out of phase. To the 
external circuit (oscillator tank circuit in this case) connected between plate and cathode 
of the reactance valve the behaviour is as though an additional reactance and re­
sistance had been connected in parallel. Whether the valve circuit behaves like 
an inductive, or a capacitive reactance depends on the resistance-reactance network ar­
rangement, as can be seen from Fig. 29.13. 

The value of the apparent reactance and resistance, due to the electronic reactance 
(more correctly electronic impedance) depends on the mutual conductance (g ,,,) 
of the valve, and as the g,,. can be controlled by alteration of the grid voltage the 
equivalent reactance and resistance can also be varied (the resistance variation is 
usually undesirable). The required grid voltage variation is obtained by utilizing 
the direct voltage changes at the discriminator output, when the reactance valve is 
used in a.f.c. circuits. Frequency modulation, using this method, is obtained by 
applying the audio frequency modulating voltage to the grid of the reactance valve, 
in the same way as the direct voltage changes are applied for obtaining a.f.c. The 
magnitude of the a-f voltage determines the change in the equivalent reactance shunted 
across the oscillator tank circuit, and so determines the frequency deviation from the 
nominal oscillator centre frequency. The number of times the frequency deviates 
around the central reference frequency will be determined by the frequency of the a-f 
modulating voltage. Variation in the value of the shunt resistance, due to the elec­
tronic reactance, across the oscillator circuit causes undesired amplitude modulation. 

The quadrature circuits are the most widely used for a.f.c. and other purposes, 
and attention wi11 be confined to discussing some of the possible arrangements. 
Fig. 29.12 shows the general circuit arrangement using a pentode valve. A hexode 
or heptode valve can also be used, with the phase shifting network connected to the 
signal grid and the control voltage to the oscillator grid. The impedances Z1 and Zi 
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" 9mC,Ra " 9m.R,La C1,.• 
l• (WC,R,J C;,• ll~+ •• h\ 
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L·<l:f~ L;.~ L, 
~ 9m 9mRa 

Ri~ (wc,R,)1 
Rt:::, w2 L~ 

(c) 9m 9mR2 

FIG. 29.13 

in Fig. 29.12 comprise the phase shifting network. Depending on the form these 
impedances take it will be clear that an additional blocking capacitor may be required 
between plate and grid of the reactance valve, and also, since there must be a d.c. 
path between grid and cathode, an additional grid resistor may be necessary. The 
values for these additional components should be such as to have negligible effect 
on the performance of the circuit. Fig. 29.13 shows four possible arrangements for 
quadrature circuits, together with the equations for the additional resistance (R,) 
and inductance (L,), or capacitance ( C1), connected in parallel with the oscillator tuned 
circuit. Exact and approximate equations are given, but in most practical circuits 
the approximate conditions will hold. The equations apply equally well to quad­
rature circuits using pentode, hexode or heptode valves. The angular frequency 
w is that at which the oscillator circuit is meant to operate e.g. 21r x 1455 Kc/s etc. 
(in the case of F-M this would be the nominal reference frequency). The circuit 
of Fig. 29.13(c) is the one most commonly used in practical a.f.c. circuits in which 
the oscillator is tuned by a variable capacitor. Care is necessary when using circuits 
(b) and (d) as self resonance effects, due to stray capacitances across the inductances 
L 2 and Lu often lead to difficulties. Further, the r-f resistances of L 2 and L 1 must 
be low if the circuits are to behave as relatively pure reactances. Stray capacitances 
across R1 and R 2 can also affect performance, and should be kept small. 

To carry out the design for an electronic reactance circuit it is necessary to know 
the manner in which gm varies with grid bias. This information is generally available 
on valve data sheets, for a given set of operating conditions. If other operating 
conditions are required, then direct measurement of the gm - e, characteristic is the 
usual procedure. 

It is helpful when designing reactance valve circuits to be able to determine, directly, 
values for C1R 2, L 2/Ru R 1C2 and L1/R2 in terms of the operating frequency, the 
frequency change required, and the oscillator tank circuit component values. The 
necessary conditions have been determined (Ref. 18) for the circuits (b) and (c) of 
Fig. 29.13, using the approximate relationships for C1 and L, and assuming that the 
frequency variation is linear (or very nearly so). For circuit (b) the approximate 
expression is 

L. 2c.1.s 
R, f,• 

(13) 
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For circuit (c) the approximate expression is 
_ 1::,)N 

C,.R, - 2/.S (14) 

where C0 capacitance tuning the oscillator circuit in the absence of the reactance 
valve 

and 

L 0 = inductance of the oscillator tuned circuit in the absence of the reactance 

s 

I, 
f, 

valve 
sensitivity 
(g ,.) 

(f. / 1)/corresponding change in mutual conductance 

high frequency limit of frequency 
low frequency limit of frequency 

The design procedure is as follows : 
(1) Select f, and / 1• Suppose the nominal oscillator centre frequency is 1455 

Kc/s, and the oscillator frequency is to vary ± 5 Kc/s. Then/, = 1460 
Kc/s and/1 1450 Kc/s. 

(2) Select a suitable working range on the g., e • characteristics, for the valve 
type to be used, which is as 1;1early linear as is possible. With a valve type 
6U7-G (250 volts on plate, 100 volts on screen) a suitable operating range is 
from -3 to -10 volts, giving a g,. change of 1600-275 1325 µ.mhos. 

(3) Choose a suitable value for Lo or Co if these are not already fixed by other 
circuit considerations. Suppose Lo = 110 µ.His required in a typical case ; 
this value would be modified slightly in the final circuit, to take care of the 
additional parallel inductive reactance due to the normal value of the elec­
tronic reactance in the absence of additional bias from the discriminator. 
It is not necessary, usually, to take this inductance change into account 
during the preliminary design. 

(4) Compute the sensitivity (S) in cycles per mho. For our example S = (10 
Kc/s)/1325 µ.mhos 7.54 x 10• cycles/mho. 

(5) Determine L,/R1 from eqn. (13) or C,.R1 from eqn. (14). Using eqn. (14), 
110 X 10-6 X 14502 X 106 

C,R, 2 x 1460 x 103 x 7.54 x 10• l0.5 µ.µ.F x M.Q 
(6) Select particular values for L., R1 or C, to conform to the circuit require­

ments ; remembering the previous restrictions of XL•,< R1 and X c, ,< Rp 

This should lead to R1 being at least 5 times XL or X c , but larger ratios 
are preferable (see below). • • 

The most convenient procedure is to tabulate various values of R1, L 2 or C, and to 
select the most suitable combination giving the product found in step (5) e.g. R1 = 
50 000 .Q 0.05 M.Q, then C, 10.5/0.05 = 210 µ.µ.F, and so X c = 520 .Q. 
This makes R1 • X c as required. • • 

Of course, the actual values of L, and R, can be determined directly from the ex­
pressions given in Fig. 29.13. R; should always be so determined for the condition 
of maximum g .,, after the circuit values have been found, to ensure that the loading 
on the oscillator circuit is not excessive. The value of gm to be used in these equations 
corresponds to the actual bias voltage for a particular operating frequency ; e.g. in 
the above example, with no additional external bias applied, the operating frequency 
is 1455 Kc/s, and the standing bias voltage can be taken as -6.5 volts, corresponding 
to a mutual conductance of 925 µ.mhos. The total parallel inductance and resistance 
changes can be found, using the g,,. values corresponding to - 3 and 1 O volts bias, 
which are the values required when the operating frequencies are 1450 Kc/s and 
1460 Kc/s respectively. 

Before completing a design it is necessary to check the amplitude of the oscillator 
voltage applied to the grid of the reactance valve by the phase shifting network. 
This check is necessary as the possibility of grid current might be overlooked. In 
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our example the minimum bias is -3 volts and so the peak r-f grid voltage should not 
exceed about 2 volts if grid current is to be avoided. The proportion of the r-f voltage 
developed across the oscillntor tank circuit (and applied between plate and cathode 
of the reactance valve) which appears between grid and cathode of the reactance 
valve is for Fig. 29.l3(c) Xe /VX2 c + R,•. For our example, the voltage step 

• 2 

down is 0.0104, and so no possibility of grid current exists, as 2 volts peak r-f at the 
grid corresponds to 196 volts peak across the oscillator tank circuit. This is con­
siderably in excess of the voltage likely to be encountered in a receiver oscillator 
circuit, where 60 volts peak is about the maximum to be expected with any of the 
usual arrangements (it is usually considerably less than this value, depending on the 
type of circuit used). 

Further details of the design of reactance valve circuits for a.f.c. can be found 
in Refs. 8, 9 and 10. A graphical method for determining the " throw-out " and 
"pull-in" frequencies of an a.f.c. system is given in Ref. 8 (p. 260). The difference 
in these two frequencies is reduced by using an electronic reactance which gives 
correction for a limited range of discriminator voltages only ; outside the correction 
range the added reactance should remain practically constant. 
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(i) Principles of rectification (ii) Rectifier valves and types of service (iii) The use 
of the published curves (iv) Selenium and copper-oxide rectifiers. 

(i) Principles of rectification 
Most electronic equipment requires some fonn of plate voltage supply which has 

in the majority of cases to be derived from single-phase a.c. mains. It is the purpose 
of this chapter to outline the principles and calculations involved, with particular 
reference to those types of supply required for radio receivers and amplifiers. 

The most general and accepted method of a.c. to d.c. conversion, where very large 
amounts of power are not required, is by valve rectifiers of either the high vacuum 
or mercury vapour type. Selenium and copper-oxide rectifiers are also used-see 
(iv) below. 

Diagram A in Fig. 30.1 shows a sine wave voltage of which the peak and r.m.s. 
I\ 

values are shown as E _ and IE_ I, With ideal half-wave rectification and a re­
sistive load with no filter, the positive or upper peaks would also represent the load 
current, while the negative or lower peaks would be suppressed ; the average voltage 
would be shown by E,, in the half-wave case. With full-wave rectification the current 
through the load resistance would be similar* each half cycle, the lower peak being 
replaced by the dashed line in A. The direct voltage would be the average voltage, 
i.e., 0.9 of the r.m.s. voltage for a sine wave. For half-wave rectification the average 
direct voltage over a period would be one half that for full-wave rectification under 
the same conditions. 

Fig. 30.1B illustrates ideal full-wavet rectification with a condenser input 
filter (circuit as Fig. 30.lF in which choke Lis assumed to have very high inductance 
and zero resistance). The voltage at the first filter condenser C1 follows the line 
ABA'B', the condenser charging between A and B but discharging between Band A'. 

• In practice there is always some lack of symmetry caused by a combination of small factors such as 
the use of one end of die filament as cathode return 1n place of a centre ... tap, variations in characteristics 
between the two units in the rectifier and variations in transformer secondary voltages and impedances 
on both sidi:s of thi: centri:•tap. As a result there is usually a substantial amount of mains frequency 
ripple with full-wave rectification, although the twice-mains-frequency ripple voltage predominates. 

t Also known as bi phase half-wave. 

1161 
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Fig. 30.1. (A, B, C & D). Voltage 
and current wavef (l1'111S of condenser 
input and choke input rectifier systems. 
The symbols on the left are those used in 

Section 2. 

30,1 

The mean level of ABA'B' is the effective direct voltage. The shaded area above 
the curve AQB represents the voltage by which the transformer voltage exceeds that 
of G1• The current through the plate circuit of the rectifier only flows for the interval 
betWeen A and B and between A' and B' because at other parts of the cycle the trans­
former voltage is below the voltage of G1• The current through the rectifier, shown 
in Fig. 30.lC, is similar in form to the difference in voltage between the curves APB 
and AQB in Fig. 30.lB. 

The ripple voltage may be determined from the ABA'B' curve, and the values of 
the fundamental and harmonics may be determined by a Fourier analysis. 

As the load resistance (R L in Fig. 30.lF) is increased, BA' becomes more nearly 
horizontal and the area APB becomes smaller until in the extreme (theoretical) case 
when the load resistance is infinite the direct voltage is equal to the peak voltage. 
This graphical method may be applied to any rectifier with a condenser input filter 
followed by a high inductance choke. The assumption is made that the current 
through the inductance remains constant, that is to say that the lines BA', B' A'' etc. 
are straight. 

With a (full wave) choke input filter* the conditions are as shown in Fig. 30.1D 
assuming a very high inductance choke (L1 in Fig. 30.lG), although with practical 
chokes there will necessarily be a certain amount of ripple in the load current. 

• The term nchoke inputn is used for convenience in this Handbook to indicate a series inductance 
followed by a capacitance shunted across the load resistance. 
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Fig. 30.lE. Basic circuit diagram of 
half-wave rectifier with condenser input 

filter. 

Fig. 30.lF. Basic circuit diagram of 
full-wave rectifier with condenser input 

filter. 

Fig. 30.lG. Basic circuit diagram of 
full-wave rectifier with choke input 

filter. 

Maximum ratings 

1163 

FIG. 30.1£ 

+ 
c, ~. 

FIG. 30, IG 

Rectifier valves are usually rated for maximum direct-current per plate, maximum 
peak current per plate, maximum peak inverse plate voltage and maximum r.m.s. 
supply voltage per plate. In some cases a maximum rated hot-switching transient 
(or surge) plate current per plate (for a specified maximum time, e.g. 0.2 second) is 
also given. It is important to ensure that no one of these ratings is exceeded under 
the conditions of operation. If the ratings are design centre values-see pages 77 
and 78~they apply to nominal mains voltages. 

Maximum direct current per plate 
This may be measured by a d.c. milliammeter in series with R L (Figs. 30.1 E, F 

or G). 

Maximum peak current per plate 
This may either be measured by means of a C.R.O. or calculated by the method 

described in Section 2 or 3 for condenser or choke input respectively. It is largely 
influenced by the total effective plate supply impedance per plate, and in any case 
where the peak current is too high, it may be reduced by adding a resistor in series 
with each plate or by increasing the effective impedance of the transformer to give 
the same result. The method of calculating the plate supply impedance per plate 
for a transformer is given on page 99. In cases where no transformer is used, as in 
a.c./d.c. receivers, a resistor should be connected in the plate circuit to limit the peak 
current to a safe value. It is good practice in all cases to limit the peak current to a 
value below the maximum rated value, to give a margin for safety and longer life. 

Maximum peak inverse plate voltage 
This is 1.41 times the r.m.s. voltage of the whole secondary winding of the trans­

former in Fig. 30.IF or G, and twice this value in Fig. 30.IE. 

Maximum r.m,s. supply voltage per plate 
A higher r.m.s. supply voltage is usually permitted with a choke input to the filter 

than with condenser input to the filter. In some cases, with a condenser input to 
the filter, a higher r.m.s. supply voltage per plate is permitted provided that the 
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direct plate current is reduced below its maximum rating and that the total effective 
plate supply impedance per plate is increased for the higher voltage conditions (e.g. 
Fig. 30.2A). With a choke input to the filter, the maximum r.m.s. supply voltage 
per plate is sometimes only permissible provided that the ·direct plate current is 
reduced below its maximum rating (e.g. Fig. 30.2C). With a choke input to the filter, 
it is essential to have a choke inductance not less than the critical value for the 
particular operating condition in question. The critical inductance is a function of 
the load resistance and the frequency of the supply, as given by eqns. (I), (2) and (3) 
in Sect. 3. 

For any value of inductance, with constant r.m.s. supply voltage, there is a value 
of current below which operation is not permitted. This is shown in Fig. 30.2C 
where boundary lines for choke sizes are included. 

Equivalent circuit of high vacuum rectifier 
The high vacuum rectifier can be considered as being an ideal switch in series 

with a non-linear resistance and a source of potential which is connected by the switch 
to the load when the polarity is that required by the load (Ref. 7). As the switching 
gives rise to pulsating currents (and voltages) it is necessary to assume a linear resistance 
which is equivalent to the non-linear effective resistance of the rectifier during this 
pulsating or conduction period. The conduction period (cf,), and therefore also the 
magnitude of the current pulse, will depend on the loading and the type of filter 
connected to the rectified supply. Certain approximations which must be made for 
the first calculation should be readjusted when the results are known, in order that 
a second and more accurate calculation can be made. 

Mercury vapour rectifiers 
In the case of mercury vapour rectifiers the voltage drop in the valve is a constant 

value of the order of 10 to 15 volts over a wide range of currents. These rectifiers 
are generally used with choke input filters to provide good regulation for class B 
amplifiers. 

The direct voltage output of such a system is equal to 0.9 times the r.m.s. value of 
the input voltage minus the valve voltage drop-

e.g. Output voltage = (0.9 E,m, - 15) volts. 

(il) Rectifier valves and types of service 
Rectifier valves may be subdivided into the following groups :­

(1) High vacuum (a) High impedance (e.g. 5Y3-GT) 

(b) Medium impedance (e.g. 6X4, 5R4-GY) 

(c) Low impedance (e.g. 5V4-G, 35Z5-GT) 

(2) Mercury vapour---(e.g. 82, 83). 

The choice of a rectifier valve for a particular service must take into account the 
maximum permissible ratings for peak current, average current, and peak inverse 
voltage. The design of the following filter will influence these last two factors par­
ticularly; the type of filter, either choke or condenser input, will be determined partly 
by the demands of power supply regulation. In supplies feeding Class A output 
stages the choice will probably be a condenser input filter, but where Class AB1 and 
AB

2 
output stages are to be supplied, the regulation of the power supply becomes 

a significant feature and choke input filters with low impedance rectifiers must be 
used. 
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The following examples represent typical practice­
A.C. radio receivers with Class A power stage :­

High vacuum full wave (e.g. 6X4, 5Y3-GT, 5U4-G). 

A.C. radio receivers with Class AB1 power stage :-

1165 

With self bias-high vacuum full wave (e.g. 5Y3-GT, 5U4-G, 5R4-GY, 5V4-G) 
With fixed bias-low impedance high vacuum full wave (e.g. 5V4-G). 

A.C./D.C. radio receivers :-
Indirectly-heated low impedance high vacuum half-wave types with heaters opera­

ting at 0.3 A or 0.15 A (e.g. 2526-GT or 3525-GT). 

In England, heaters operating at 100 mA are widely used. 

Battery operated radio receivers with non-synchronous vibrators :­
Indirectly-heated low or medium impedance high vacuum full-wave types (e.g. 6X4). 

Amplifiers :-
As for radio receivers except that mercury vapour types may also be used. 
In general for radio receiver and small amplifier design high vacuum rectifiers are 

to be preferred to mercury vapour types because of-
(1) long and trouble-free service ; 

'(2) the lower transformer voltage which can be used for the same d.c. output voltage 
when a condenser input filter may be used ; 

(3) self protection against accidental over-load due to the fairly high internal 
impedance of the rectifier. Use can only be made of this last point when the 
supply is for use with a Class A output stage, when good regulation is not a 
major consideration and a high impedance rectifier may be used. 

With directly-heated rectifiers it is generally found preferable to connect the positive 
supply lead to one side of the filament rather than to add the further complication of 
a centre-tap on the filament circuit. 

Parallel operation of similar types of vacuum rectifiers is possible but it is preferable 
to connect together the two sections of a single full wave rectifier and to use a second 
similar valve as the other half-rectifier if full-wave rectification is required. With 
low impedance rectifiers as used in a.c./d.c. receivers (e.g. 2526-GT) it is desirable 
to limit the peak current by some series resistance. When two units are connected 
in parallel it is also desirable to obtain equal sharing, and in such cases a resistance of 
50 or 100 ohms should be connected in series with each plate, then the two units are 
connected in parallel. 

Mercury vapour rectifiers may only be connected in parallel if a resistance sufficient 
to give a voltage drop of about 25 volts is connected in series with each plate, in order 
to secure equal sharing of the load current. 

(iii) The use of the published curves 
From published curves on_ rectifier valves it is possible to predict the output voltage 

of a rectifier system when provided with the knowledge of the transformer voltage. 
For this purpose, use may be made of: either the constant voltage curves or the constant 
current curves. 

A family of curves is normally published both for condenser-input and for choke­
input filters. In the former case the source impedance must be known ; it is usually 
published as the total effective plate supply impedance per plate. 

An example of constant voltage curves, in this case applying to a condenser-input 
filter, is given in Fig. 30.2A. Each curve is for a specified constant supply voltage 
per plate ; for intermediate voltages it is possible to interpolate with sufficient accuracy. 

In this particular case there is the rather unusual feature of one value of total effective 
plate supply impedance per plate for the lower voltage curves (I to 5) and a higher value 
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for the higher voltage curves (6 to 8). It is always permissible to adopt a higher value 
of total effective plate supply voltage per plate than that shown on the curves, but the 
direct voltage output will thereby be decreased somewhat. Operation is only per­
missible on, and below, the line formed by the highest curve and the "current and 
voltage boundary line" ADK. These curves only apply to one specified value of 
capacitance input to the filter, in this case 10 µ,F. 
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Fig "ll).2A. Operation characteristics fqr a typical full-wave rectifier (5¥3-GT) with 
condenser input filter. 
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The effect of change in the value of capacitance input to the filter is indicated 
typically by Fig. 30.2B, where curves for 3 values of capacitance are drawn, A 
higher capacitance gives better regulation and a higher output voltage, but increase 
in capacitance beyond a certain value (here about 16 µ.F) has only a very slight effect. 
If curves are only drawn for one specified value of input capacitance, operation with 
a higher value is not permissible unless this has been demonstrated by measurement 
or calculation to be within the peak current rating of the rectifier. 

Curves for a typical full wave rectifier with choke input are given in Fig. 30,2C. 
Operation is only permissible in the area to the right of the boundary line corres­
ponding to the proposed choke size, to the left of the current and voltage boundary 
line CEK, and below the highest curve for a choke of infinite inductance. If the 
direct current varies between two limits, it is important to select a value of inductance 
at least equal to, or preferably higher than, the value required for the lower limit of 
direct current ; the inductance should be measured at the lower limit of direct current. 

The constant current curves (of which an example is given in Fig. 30.3) are very 
helpful for deriving certain information. If it is required to find the input voltage 
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Fig. 30.2B. Operation characteristics for a typical full-wave rectifier (5T4) with 
condenser input filter, showing effect of input capacitance (C). 
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to give 250 volts 100 mA direct current, a vertical is drawn upwards from an output 
voltage of 250 volts to point Pon the 100 mA curve. From here a horizontal line is 

drawn which intersects the vertical axis at 277 volts, which is the desired v11lue. 
The line OD is for equal input and output voltages. Above and to the left of this 

line the output voltage is less than the input voltage ; below and to the right of this 
line the output voltage is greater than the input voltage. 

Each of the points A, B, C etc. at which the several current lines cut the vertical 
axis indicates the combined effective voltage drop in the valve and the transformer ; 
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Fig. 30.2C. Operation characteristics for a typical full wave rectifier (5Y3-GT) with 
choke input filter. 
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Fig. 30.3. Constant current curves for a 5Y3-GT rectifier; condenser-input filter with 
capitance Sp.F and effective plate supply impedance 80 ohms per plate. 

in other words it is the input voltage required to maintain the specified load current 
with the load terminals short-circuited. 

The line OE.is the theoretical limit of output voltage with no load-current, and is 
drawn to correspond to an output voltage of 1.414 times the r.m.s. input voltage. 

The regulation of the output voltage with varying load currents is indicated by Fig. 
30.3. If the input voltage is 250 volts, a horizontal line may be drawn as in XY and 
vertical lines may be drawn ?.t each intersection with the constant current curves. 
Line FG is for no load-current, while LM is for 100 mA load current. For this 
example the output voltage will be seen to drop from 354 volts at no load-current 
to 213 volts at 100 mA load-current. 

It should be noted that the results given by any form of valve curves are only correct 
for the set of conditions for which the curves were derived. 

(iv) Selenium and copper oxide rectifiers 
Selenium and copper oxide rectifiers have been used for miscellaneous applications 

such as for grid bias supplies and instrument rectifiers. Recently, selenium rectifiers 
have been widely used as plate supply rectifiers in radio receivers. 

Both types differ from thennionic rectifiers in that they have appreciable reverse 
current. When used within Lheir ratings, selenium rectifiers normally have a long 
life, although a small percentage of breakdowns occurs throughout life. 

Copper oxide rectifiers are limited to a temperature rise of about 15 "C while selenium 
rectifiers may be operated at higher temperatures. Selenium rectifiers are smaller 
and lighter than copper oxide types, for the same operating conditions. 

For further information see Refs. 14, 17, 21, 23, 24, 25, 26, 33. 
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SECTION 2: RECTIFICATION Wim CONDENSER INPUT 
FILTER 

(i) Symbols (ii) Rectification with condenser inpw filter (iii) To determine 
peak and average diode currents (iv) To determine ripple percentage (v) To determine 
the transformer secondary r.m.s. current (vi) Procedure when complete published data 
are not available (vii) Approximations when the capacitance is large (viii) Peak 
hot-switching transient plate current (ix) The effect of ripple. 

(i) Symbols and definitions 
I\ 

rd Effective peak resistance of diode, defined as the anode voltage at the con­
duction peak divided by the anode current at that time. 

r a Effective average resistance of diode, defined as the average anode voltage 
during the conduction period divided by the average anode current during 
that time. 

Ir al Effective r.m.s. resistance of diode, defined as the diode anode dissipation 
divided by the square of the r.m.s. anode current. 

R, Total resistance in series with diode including transformer winding resistance 
and any series resistance added to limit the diode peak current. 

I\ I\ 

R, Equaltord+R, 
R, Equal to ra + R, 
I\ 

ia Peak diode current (one anode) 
i 4 Average diode current (one anode) 
lidl r.m.s. diode current (one anode) 
I\ 

e d Diode anode voltage at peak of conduction period 
R L Load resistance presented to rectified supply 
IL Load current from rectified supply 
E., Rectified direct output voltage across load resistance 
I\ 

E.. Peak value of alternating input voltage to rectifier 
IE,., I R.M.S. value of alternating input voltage to rectifier 
C Capacitance of first filter capacitor in farads 
w 2,r x supply frequency in c/s 
IE RI R.M.S. value of ripple voltage existing across condenser C 
E,, Peak-inverse voltage across diode 
II RI R.M.S. value of ripple current through condenser C 
IERl r.m.s. ripple voltage . -- . ~~----- = ripple factor. 
Ed, direct voltage across load 

IR,! Ir,,! + R,. 

(ii) Rectification with condenser input filter 
It has been stated in Sect. l(i) that the nature of the rectified current is pulsating 

and that it is necessary for the purpose of this simple equivalent circuit to convert 
the non-linear resistance of the diode to an equivalent linear resistance. For con­
denser input filters it can be shown (Ref. 6) that the relationship:-

I\ -

Ta = 0.88 rd 0.93lral 
is correct within 5% for all circuits of this type and from the following graphs it is 
possible to assess the characteristics of a condenser input rectifier system. 

Fig. 30.4 gives curves for a number of high vacuum rectifiers from which values 
I\ 

of their peak resistance r a can be found. Figs. 30.5---30.7 (based on Schade, Ref. 6) 
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8 ' 
i5 

DIODE ANODE VOLTAGE FIG, 30, 4 

Fig. 30.4. Average anode characteristics of some rectifier valves (based on Ref. 6, with 
additions). The value of Ta for any rectifier at any diode current may be determined by 
dividing the diode anode voltage by the diode current. 

I 

I Curve I !! Valve : Curve Valve Valve Curve'! Valve Curve 

1A3 10 6AQ6 19 i 6W4-GT 2 i 35Z5-GT 2 
B3-GT/8016 21 6AR7-GT 18 6X4 8 I 45Z3 17 

1-V 7 6AT6 19 i 6X5* 7 45Z5-GT 1 
2X2-A 19 6AV6 18 6ZY5-G 9 50¥6-GT 4 
5R4-GY 11 6B6-G 18 7B6 18 80 14 
5T4 I 6 6B8" I 18 7C6 18 81 16 
5U4-G 10 6G8-G 18 7E6 18 83V 4 
5V4-G 4 6H6* I 12 7E7 18 84/6Z4 7 
5W4* 13 i 6Q7* 18 12Z3 4 117N7-GT 2 
5X4-G 10 6R7* 18 25Y5 9 ll7Z3 3 
5Y3-GT 14 6SF7* 18 25Z5 4 11726-GT 3 
5Y4-G 14 i 

6SQ7* 18 
I 

25Z6* 4 

II 
217-C 16 

5Z3 10 6SR7* 18 35W4 2 836 6 
5Z4* 5 I 6ST7" 18 I 35Z3 i 15 878 20 
6AL5 3 6SZ7* 18 35Z4-GT i 2 II I 

··--
*Includes G or GT equivalents. 
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Fig. 30.5. Ratio of rectified (direct) output voltage to peak a.c. rectifier input voltage 
expressed as a percentage, as a function of wCR Lfor a half-wmie rectifier with a condenser 

input filter (Ref. 6). 
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A 

are curves from which can be found the relationship between Ed, and EN for half­
wave, full-wave and full-wave voltage doubler circuits in terms of other circuit para-

A 

meters. Curves of the ratios of effective Ii. I and peak i. diode currents to the direct 
current per anode T. are given in Fig. 30.8 ; Fig. 30.9 gives details of the ripple factor 
and Fig. 30.10, the peak inverse voltage (all based on Ref. 6). 

The design considerations to be borne in mind when using these curves are :­
(1) The value of the capacitance C is usually chosen with regard to the maximum 

permissible ripple in the output (see below) but if IE_ I is limited to a certain value 
and the maximum Ede is to be achieved, C may be increased above this value. In 
doing this due regard must be given to the maximum permissible peak current of the 
rectifier and, if necessary, limiting resistors placed in series with the anodes of the 
rectifier. 

(2) In order that the direct voltage should not be closely dependent upon the value 
of C, the value of wCR L must be on or to the right of the knee of the appropriate 
curve in Fig. 30.5, 30.6 or 30.7 as required by the type of rectification. 
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FIG. 30.6 

Fig. 30.6. Ratio of rectified (direct) output voltage to peak a.c. rectifier input voltage, 
expressed as a percentage, as a function of wCR1,for afull-wave rectifier with a condenser 

input filter (ReJ. 6). 
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(iii) To determine peak and average diode currents 
This method is for use when complete published data are available such as are usually 

supplied by the operation characteristics or equivalent published data. 
The procedure is illustrated by an example based on type 5Y3-GT as a full wave 

rectifier under the following conditions : 
r.m.s. voltage = IE_ I 350 volts, 

5 

6 
12 

IO 
... ell, (c Ill FARADS Re IN OHMS) FIG. 30.7 

Fi'g. 30.7. Ratio of rectified (direct) output voltage to peak a.c. rectifier input voltage, 
expressed as a percentage, as a functiM of wCR L for a condenser-input voltage doubler 

(Ref. 6). 
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load current IE. 125 mA 
voltage across load E ., 350 volts (from Fig. 30.2A), 
load resistance R L 350/0.125 = 2800 ohms, 
total effective plate supply impedance per plate = R, 50 ohms (from Fig. 30.2A), 
C = 10 ,.,,F (from Fig. 30.2A), 
f = 60 c/s (from Fig. 30.2A), whence w == 378. 
wCR L = 378 X 10 X 10-e X 2800 = 10.6. 

350 
= 350y2 = 70.7%. Step l. Determine 

J\ 

E_ 
Step 2. From Fig. 30.6, kn~ing wCR L = 10.6, we obtain 

R,/RL = 13.5%, 
13.5 x 2800/100 = 378 ohms. whence R, 

Step 3. r. if, R, = 378 - 50 = 328 ohms. 
J\ 

Step 4. r4 0.88 ; a 0.88 x 328 = 288 ohms. 
J\ J\ 

Step 5. R, R, + r. 50 + 288 = 338 ohms. 

'nit.1JCRL 

5 10 20 50 100 200 

n. 2 FOR FULL-w.,IIE SINGU:•PHASE RECTIFIER CIRCUITS 
{

I FOR HALF•WiW£ SINGLE-PHASE RECTIFIER CIRCUITS 

!f FOR \IOLTAGE•l>OUBLING CIRCUITS 
C IN FARADS 
IIL IN OHMS 
W =2Trf WHERE/=LINE FREQUENCY 

IR,1 = 11,1,.t.S. EQUIVALENT 
ft,•~+ Ra 

5 10 20 50 IOO 200 

500 rpoo 

FIG. 30.8 

Fig. 30.8 (above). Ratio of r.m.s. diode current to average diode current for one anode, 
expressed as a function of wCRL; (below) Ratio of peak diode current to average diode 

current for one anode, expressed as a function of wCRL (Ref. 6). 
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Step 6. 

Step 7. 
I\ 

R, 
nRL 

Step 8. 

A 

R, 338 
- o;,o = -- X 100 = 12.1 °110 • 
Ri' 2800 
Knowing that n 2 for full wave rectification, 

12.1 
2% = 6.05%. 

From Fig. 30.8 (lower) where nwCR L 
I\ 

I 
= 6. 

d -

21.2 we may obtain 

Step 9. The average diode current id: 
id IL for half-wave circuits and full-wave voltage doubler circuits, 
1 d ½IL for full-wave circuits. 

In this example i~ = 125/2 62.5 mA. 

Step 10. The peak diode current, is obtained by substituting the value of id 
given by Step 9 in the result of Step 8. In the example 

h 

id = 6 id = 6 X 62.5 375 mA. 
(N.B. the maximum rating is 400 mA). 

100 

80 

60 

,a -.::: 
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6 

~· ... 
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i,'-P 
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·6 
., '· 

·• 
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•I 

·• .• ·8 4 6 8 20 40 6060 200 

Fig. 30.9. 

IO IOO 
wCRL (C IN FARADS, RL IN OHMS) . 

Curves for the determination of the ripple factor of condenser input filter 
rectifier circuits (Ref. 6). 
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(iv) To determine ripple percentage 
Having determined the peak diode current, we may then proceed to calculate the 

other unknowns. The same example as in (iii) above is also used here. 

" Step 1. Ir .I r d/0.93 = 288/0.93 310 ohms. 
Step 2. IR,I = R, + Ir.I = 50 + 310 360 ohms. 

IR,I 360 
Step 3. R% = 2800 x 100 12.8%. 

L 
Step 4. Applying this value to Fig. 30.9 (note the values shown in the inset, 

applying to the various curves), and using the value of wCR L determined above, 
the percentage of ripple voltage to direct voltage is given. 

• IR,I 
In the example, -R = 12.8% (full wave) and wCRi = 10.6 giving 

L 
ripple voltage 
direct voltage 

5.5%. 

The ripple voltage IERI = ripple percentage x direct voltage. 

(v) To determine the transformer secondary r.m.s. current li41 
Knowing the value of T; as determined in (iii) Step 9 above, also the values of n, 

wCR 1, and !R,I/Rv Fig. 30.8 (upper curvt~s) will give the value of ji•I• 
Inthesameexampleia=62.5mA; n 2; wCRL=10.6andlR,I/RL 12.8%, 

so that li.j/id 2.25 and Ii.I = 62.5 x 2.25 140 mA. 

(vi) Procedure when ~mplete published data are not available 
Step 1. To determine i 4 • 

id IL for half-wave circuits and full-wave voltage doubler circuits, 
id ½IL for full-wave circuits. 

" -Step 2. The diode peak current i. is tentatively assumed to be 6 i 4 • Alterna-
tively, if the output voltage is known, the current ratio may be derived from Fig. 
30.l0A. 

Step 3. From Fig. 30.4, and knowledge of the valve type, the diode peak plate 
/\ A A A /\ 

voltage e. corresponding to i • can be found. Therefore r • = e d/i" can be evaluated. 

;1ri -
·2 '4 -6·111,Q 

FIG. JO, IO 

Fig. 30.10. Ratio of operating peak inverse voltage to peak applied a.c. for rectifiers 
used in condenser input filter circuits. 
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I\ 

Step 4. Calculate R, 
I\ 

r. + R,. 
A 

Step 5. Using Fig. 30.8 (lower curves), and knowing nwCRL, R, and nRL, 
I\ -

determine i ,di•· If this differs appreciably from the assumed value, repeat steps 
3, 4 and 5. 

I\ 

Step 6. Calculate Ir •I = r 4/0 93. 
Step 7. Calculate IR,I R, + Jr.I. 
Step 8. Calculate the percentage jR,I/R L and apply to Fig. 30.9 to determine 

the ripple percentage. 
St:!,) 9. Calculate IR,l/nRL and apply to Fig. 30.8 (upper curves) to determine 

Ji.J/i., and thence Ji.I which is the transformer secondary r.m.s. cuuent. 
I\ 

Step 10. Calculate ; • r .;o.88. 
Step 11. Calculate ii.. = R, + -;: •. 

24 

i 

I 

I 
I 
I 

I 
I 

I 
/ 

/ ,,,,.,,., 

---
0 
20 40 60 10 100 

"loVolta Ratio • 1>1tcct Output Voltogc (Eu.) 
g, n • Peak A,C. Voltage per Plot• (~ .. ) 

FIG, 30.IOA 

Fig. 30.l0A. This curve is for full-wave, half-wave and voltage-doubler rectifiers with 
condenser-input filters. It applies for any size of condenser so long as the condenser is 
large enough to give maximum output voltage for the given output current and r.m.s. 
voltage input. For half-wave and voltage-doubler rectifiers the direct current per anode 
id = IL ; for full wave rectifiers i. = il L· 

n = 1 for full-wave and halj-wmJe rectifiers. 
n 2 for voltage doubler rectifiers. 
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Step 12. Calculate the percentage R,/R L· 

Step 13. Using Fig. 30.5 for half wave rectification, 
or Fig. 30.6 for full wave rectification, 
or Fig. 30.7 for voltage doubler circuits, 

A 

determine the percentage E acl EN. 
Step 14. The transformer secondary r.m.s. voltage per plate is given by 

IE~ I = __ 7_0_.7_E_d<_A_ 

percentage Ea ,IE~ 
Step 15. The peak inverse voltage under operating conditions is given by Fig. 

I\ 

30.10, but the peak inverse voltage under no-load conditions is equal to 2E ~ and 
the latter must not exceed the valve rating. 

Step 16. It is then necessary to confirm that none of the maximum valve ratings 
has been exceeded. 

Example of procedure when complete published data are not available. 
Assume type 5Y3-GT as full wave rectifier with Ede = 350 volts, IL = 125 mA, 

R, 50 ohms,f = 60 c/s, C = 10 µ,F. We may derive directly RL 2800 ohms, 
n = 2, w 378, wCR L 10.6. 

Step l. i a ¼ IL = 62.5 mA. 
I\ -

Step 2. Assume id = 6 ia = 375 mA. 
I\ 

Step 3. From Fig. 30.4, curve 14, e0 
I\ I\ I\ 

123 volts. 

Therefore ra = ea/ia 123/0.375 328 ohms. 
I\ I\ • 

Step 4. R, = r a + R, 328 + 50 = 378 ohms. 
Step 5. Fig. 30.8 (lower curves), where nwCRL 21.2 

I\ 

R, 
and nR % 

L 

378 X 100 
2 X 2800 = 6•75%, 

I\ -

gives i a/i a = 5.8, which differs so slightly from the assumed value of 6 that the cal-
culated values of effective diode resistance may be taken as sufficiently accurate. 

I\ -

If the value of i al i a, as calculated above, differed appreciably from the assumed value, 
it would be necessary to repeat steps 3, 4 and 5. 

I\ 

Peak current i a 5.8 X 62.5 
I\ 

362 mA. 

Step 6. lr4j ra/0.93 = 328/0.93 = 352 ohms. 
Step 7. IR,I R, + lral = 50 352 = 402 ohms. 
Step 8. (IR,I/RL) x 100 = 402 x 100/2800 = 14.4%. 
Applying to Fig. 30.9 with wCR L = 10.6 gives ripple percentage 5.5%. 
Step 9. (IR,l/nRu x 100 7.2%. Applying this to Fig. 30.8 (upper curves) 

gives !ialf{a 2.2. 
Therefore transformer secondary r.m.s. current 2.2 x 62.5 = 138 mA. 

I\ 

Step 10. r 4 r 4/0.88 = 328/0.88 = 373 ohms, 
Step 11. R, R, + ;:-4 = 50 + 373 = 423 ohms. 
Step 12. (R,/R L) x 100 = 423 x 100/2800 = 15.1 %. 

Step 13. 
Step 14. 

70.7 X 

I\ 

Using Fig. 30.6, E 4 ,/E_ = 68.8%. 
The transformer secondary r.m.s. voltage per plate is equal to 
350 

68.8 
360 volts. 

It will be noticed that these values agree within 3% with those determined by the 
other procedure. 



www.pmillett.com

1180 (vii) APPROXIMATIONS WHEN THE CAPACITANCE IS LARGE 30.2 

(vii) Approximations when the capacitance is large 
Figs. 30.5, 6 and 7 indicate that, when a certain value of wCR L has been reached, 

all curves flatten out. In other words, if we increase the value of the input capacit­
ance C, the output voltage and hence the output current remain constant above a 
certain value of C. Similarly with the peak current, as indicated by Fig. 30.8. 

It is therefore possible to adopt a simplification when the input capacitance is 
sufficiently large so that any further increase in C does not have much effect on the 
direct voltage output. Fig. 30.lOA enables the ratio of peak to average (direct) cur­
rents to be calculated from a knowledge of the voltage ratio and the type of circuit. 
It may be used as a fair approximation for most typical radio receivers in which 
C ;;;:; 16 µ.F for full-wave or 32 µ.F for half-wave operation. It should not be used 
in cases where the circuit impedance is very low, such as a half-wave rectifier in trans­
formerless receivers with no added resistance. 

A further approximation, which holds under the same conditions as outlined 
above, may be used when it is desired to reach the maximum rated direct current 
per plate and the maximum rated peak current per plate simultaneously, when the 
latter is six* times the former. Under these conditions 

" R. ~ 0.06 nRL 

" " where R, = r.1 + R, 

and RL 

effective peak resistance of diode 
total effective plate supply impedance per plate 
1 for half-wave rectification 
2 for full-wave rectification 
load resistance. 

Also under the same conditions 
Ede 0.69 X peak supply voltage 

0.975 x r.m.s. supply voltage. 
N.B. These relationships are derived from Figs. 30.8 and 30.lOA. 

(viii) Peak hot-switching transient plate current 
The peak hot-switching transient plate current is the current which the diode 

must carry if the load resistance R L is short-circuited. This occurs in a practical 
case when a diode is " hot-switched." The peak hot-switching transient plate cur­
rent is given by (Ref. 15) : 

,. 
where /,. 0 ~ 

and 

,. 
E_ 
R. ,. 
T d1 

" E_ 
,. 

R, + rd, 

peak hot-switching transient plate current in amperes 

peak alternating voltage per plate 
total effective plate supply resistance per plate 

diode resistance when hot-switching current is at its maximum. ,. 
The value of r 4 , may be derived from Fig. 30.4, by extending the curves upwards 

if necessary. If the hot-switching current is greater than 1 ampere, but less than 10 
amperes, the resistance may be read from the curves at one tenth of the current value, 
and the resistance value so derived must then be multiplied by 0.47 (this has an 
accuracy within about 2% for curves 1 to 17 inclusive). For example, type 5Y3-GT 
has a rated maximum hot-switching transient plate current of 2.2 amperes per plate. 
The diode resistance at a plate current of 220 mA is given by Fig. 30.4 curve 14 as ,. 
85/0.22 386 ohms. The diode resistance r 4 , at a plate current of 2.2 amperes is 
therefore 386 x 0.47 = 182 ohms. Continuing with the same example, if the peak 

•This ratio is very commonly used in diode ratings. 
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alternating voltage per plate is 350V2, and the peak hot-switching transient current 
is not to exceed 2.2 amperes, then 

350 X 1.41/2.2 225 ohms. 
A 

But rd• = 182 ohms. 
Therefore R, = 43 ohms minimum. 

(ix) The effect of ripple 
The filter condenser C is required to carry a substantial ripple current, the value 

of which is given approximately by 
IIRI = IE al wC for half-wave rectification 

or IIRI = IEal2wC for full-wave rectification 
where w 2rrf 

f supply frequency 
IERI ripple voltage r.m.s. 
IIRI ripple current in amperes r.m.s. 

and C is measured in farads. 

For example, with a supply frequency of 60 c/s, full-wave rectification and C = 
10 µF, a ripple voltage of 20 volts r.m.s. will cause a ripple current of 150 mA. This 
is the maximum permissible for a dry electrolytic condenser with 450 V working 
voltage, under JAN-C-62 specification [Chapter 38 Sect. 3(x)]. The maximum 
permissible ripple currents vary with the capacitance, the working voltage, manu­
facturer and type. Ripple current ratings of a typical English manufacturer are given 
on page 194 ; they differ considerably from JAN-C-62. 

For any predetermined choice of condenser, temperature voltage and value of 
R ,/ R L there is a maximum load current which can be drawn from the rectifier without 
exceeding the ripple current ratings. Based on JAN-C-62, with (R,/RL) 10% 
and 60 c/s full wave rectification we have : 

350 volt (d.c~:'orking -~ vol< (d.,.) wodting 

Capacit- max max. 1 d max. max. 1 d 
ance . 1 1 d oa curr. . 

1 1 d oa curr. npp e oa ' ripp e oa 
current current ripple curr,j current current ripple curr. 

I I 

IO µF 140 mA 120 mA 86% 150 mA I 130 mA 86% 
20 µF 180 mA 154 mA 85% 180 mA 150 mA 

l 
83% 

30 µF 200 mA 168 mA 84% 200 mA l 168 mA 84% 
I 

Based on English T.C.C. condensers, 450 volt (d.c.) working, ambient temperature 
40°C, (R,/RL) 10% and 50 c/s full wave rectification we have: 

~-

Plain foil I Etched foil 
Capacit-

I i ance max. load curr. I max. max. 
I ripple load ripple load i load curr. 

. current current ripple curr .! current current ripple curr. 
I 

8 µF 67 mA 57 mA 85% 
16 JLF 260 mA 220 mA 85% 122 mA 103 mA 85% 
32 µ.F 405 mA 344 mA 85% 
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In the cases listed above, the load current is approximately 85% of the maximum 
ripple current ; this only applies for (R 3/ R i) 10%, Values for three conditions 
are given below : 

load current 
ripple current 

1% 

73% 

10% 30% 

85% 102% approx. 

In practice, in radio receivers and a-f amplifiers, (R ,/ R L) is usually well within the 
extreme limits 1 % and 30%, 

If the ripple current for any desired condition is greater than the permissible limit, 
the capacitance of a single unit condenser may be decreased and/or the value of R, 
may be increased either by selecting a different valve type or adding resistance in 
series with each plate. Either method of increasing R, will require a higher trans­
former voltage. Alternatively two condensers may be connected in parallel, with the 
total capacitance unchanged, each of which will carry part of the ripple current ; 
however, equal sharing of clll!rent cannot be guaranteed and a large safety margin is 
desirable. The parallel arrangement confers no appreciable benefits with the T.C.C. 
ratings, as compared with an increase in capacitance of a single unit. 

In general, load currents up to 120 mA may safely be employed with plain foil or 
70 mA with etched foil without any investigation. 

SECTION 3: RECTIFICATION WITH CHOKE INPUT FILTER 

(i) Rectification with choke input filter (ii) Initial transient current. 

(i) Rectification with choke input filter 
Where good voltage regulation is required, choke input filters are to be preferred. 

In this type of circuit, providing the fir~t choke Li (Fig. 30.lG) is above a certain 
critical value L" the rectifier valve works under conditions of continuous current 
current flow and in the ideal case where Li is of infinite inductance there would be no 
fluctuations in this current. 

It has been shown (Ref. 6) that L, should be equal to or greater than 
R, + RL 
---- for full-wave operation (1) 

61rf 
where R, total resistance in series with diode 

R L load resistance presented to rectified supply 
and f supply frequency. 

As an approximation, if R, is small compared with R L> 

R 
L, ~ 

9
.:0 for a 50 c/s supply (2) 

RL 
and L, ;;::: 

1130 
for a 60 c/s supply. (3) 

The above formulae are only stated for full wave rectification as it is not normal 
practice to use a choke input circuit with a half-wave rectifier owing to the low output 
voltage which would result. 

In applications where the load resistance varies considerably, for example in Class B 
amplifiers, it is usual to place a bleeder across the supply, thereby reducing the initial 
value required for Li, As the required critical value of Li decreases with increased 
load current, the choke can be made with a smaller air gap than necessary for constant 
inductance at all loads ; the drop in inductance due to d.c. polarization is permissible 
providing the inductance does not drop below L , at BUY load. 

This is known as a swinging choke; its design is covered on pages 249 and 250. 
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The peak diode current is given approximately by 

" " E X 0.425 
id = IL + 2wL1 ~ 1/(2wC1) 

or, if l/(2wC1) is very much less than 2wLi, then 
f\ 

" + E_ x 0.212 
id~ IL wL1 

A 

1183 

(4) 

(5) 

If L 1 = L, RL/61rf, then id~ 2IL. (6) 

" If L 1 = 2L, RL/31rf, then ia ~ 1.5 IL. (7) 
The approximation in equation (4) is due to the neglect of ripple frequencies higher 

than twice the supply frequency. 
If the rectifier valve has a peak current rating equal to or gteater than twice the 

maximum direct load current rating, and if the value of L 1 never falls below L,, it 
is not necessary to calculate peak diode currents. The same holds when the peak 
current rating is equal to or gteater than twice the maximum direct current to be 
drawn from the rectifier. Owing to the desire to limit the rectifier peak current, it is 
preferable to make the inductance at least 2L, at the highest load current. The drop 
in inductance at maximum load current will result in a reduction of filtering, but this 
is not likely to cause any trouble. As the choke will normally be followed by a filter 
capacitance (C1 in Fig. 30.lG), any reduction in the inductance of L1 below L, at 
any value of load will cause the rectifier system to take on the characteristics of a con­
denser input filter and the output voltage will rise. 

It is important to remember, when measurements are being made on a filter choke 
to determine its suitability for use in choke input circuits, that due consideration 
should be given to the large value of a.c. potential which will exist across it under 
working conditions. This potential will increase the inductance at low values of 
d.c. polarization provided that the sum of the a.c. and d.c. fluxes· does not cause 
saturation of the core. 

For the accurate calculation of voltage output and regulation of a choke input type 
filter, the voltage drop due to the resistance of the choke, rectifier and supply must 
be taken into consideration. The choke resistance can be easily ascertained and the 
rectifier resistance may be derived from the curves of Fig. 30.4 using the method 
outlined below. The supply resistance in· series with the anode, in a.c. operated 
equipments, will be equal to the transformer winding resistance [for calculation see 
pages 99 and 100] plus any added series resistance. In a.c./d.c. equipment it will 
be equal to the value of the limiting resistor in series with the anode. It is assumed 
that the rectifier will be operating under conditions of continuous current flow ; it 

" -can be shown (Ref. 6) that r 4 ~ r 4 ~ Ir 41 also that the average anode current (one 
anode) ia = I d2, The procedure is best illustrated by an example. 

Example :-It is desired to design a power supply with choke input filter to deliver 
0 to 200 mA at 350 volts using a 5U4-G rectifier at 50 c/s. The choke is assumed 
to have 100 ohms resistance and the effective supply resistance per anode is 75 ohms. 
In order to reduce the initial value of Lu a bleeder to take 20 mA is assumed. 

At 20 mA: RL 350/0.02 = 17 500 ohms 
L, = L, 17 500/940 = 18.6 H (minimum). 

i, 20/2 10 mA. 
A 

ia 2 X 20 = 40 mA. 
Average anode current during conduction = 20 mA. 
Referring to Fig. 30.4 (curve 10): anode voltage corresponding to 20 mA is 11.7 

volts. 
rd 

At 220 mA: RL 
11.7 /0.02 = 585 ohms. 
350/0.22 = 1590 ohms. 
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L 1 2L 0 2 x 1590/940 = 3.4 H (minimum). 
ia 220/2 = 110 mA. 
I\ 

ia 1.5 X 220 = 330 mA. 
Average anode current during conduction = 220 mA. 
Referring to Fig. 30.4 (curve 10) : anode voltage corresponding to 220 mA is 59 

volts. 
rd 59/0.22 = 268 ohms. 

Voltage drop due to resistance of supply, valve and choke 
At 220 mA : 0.22 (75 + 268 + 100) = 98 volts 

l>~, .... ..i...i....r.~.1.1..._~,l_,j,..l.l~.l,j,j.i.i.:,.,_!..,,j....,.u2..u..u.u.i. .. ,.i.....u..1.~.u.u.,JJJ.,1.o-1..i.i...L...U20 

MICROFAIAC>S FIC, JO, 11 

Fig. 30.11. Curves for the determination of thJ ripple factor of choke input rectifier 
circuits (based on Ref. 27), applying to the circuit of Fig. 30.lGfor full wave rectification 
on a 50 c/s supply. The curves may be applied to arry other supply frequency by multi­
plying values of inductance and capacitance by 2 for 25 c/s, 1.25 jor 40 c/s, or 0.83 for 
60 c/s. The ripple curves may be used independently of the K curves and load resistance 
curves to derive the ripple factor (i.e. ripple voltage E Ri expressed as a percentoge of the 
direct load voltage). The operating point at atry value of load resistance which occurs 
in practice should be above (preferably well above) the corresponding load resistance 
curve, thus determining the inductance L 1• In order to limit the initial (starti,zg) transient 
current to the maximum peak current rating of the rectifier vali>e, the operating point 
should be above and to the lejt of the corresponding K curve, where 

r.m.s. voltage per anode IE_ I 
K 

1110 x peak plate current rating of diode 
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At 20 mA : 0.02 (75 + 585 + 100) = 15 volts. 
R.M.S. transformer voltage = (350 + 98)/0.9 = 498 volts. 
Voltage across load at 20 mA = (498 x 0.9) - 15 = 449 volts. 

1185 

Value of C1 : Assume 10% ripple at maximum current, and referring to Fig. 30.11 
for L1 3.4 H, we obtain C1 = 5.7 µF (8 µF would probably be used). 

These results, which show a change of output of 350 to 449 volts when the load is 
changed from 220 to 20 mA, appear greater than the figures given by the valve curves ; 
this is because the choke voltage drop has also been taken into consideration. 

From the example above it can be seen that the rectifier voltage drop is neither 
negligible nor constant; in the case of a 5U4-G it varies from 11.7 volts at 20 mA 
to 59 volts at 220 mA. 

If a lower impedance rectifier such as a 5V 4-G had been used, this would have been 
reduced to 5.4 volts at 20 mA and 27 volts at 220 mA. For practical purposes of 
calculating the voltage output, a constant value of 16 volts could then be assumed, 
which would give an error of not more than 3.2%. 

Also from the example it can be seen that the effect on output voltage produced by 
the 75 ohms supply resistance is fairly small, reducing the output by 1.5 volts at 20 mA 
and 16.5 volts at 220 mA. 

When calculations have been completed, a check should be made to see that none 
of the maximum ratings given in the published data has been exceeded. This will 
include the value of peak inverse voltage E,, which in a choke input rectifier system 

A 

will not be greater than 1.65 E _ provided that L1 does not drop below L • at any point. 
If L 1 is lowered below its critical value for any reason, E,, will approach the value for 
a condenser input rectifier system (see Sect. 2). 

(ii) Initial transient current 
When initially switching the anode circuit, with the cathode hot, there is a transient 

current in excess of t.'le steady direct load current. It may be limited to a value equal 
to the peak anode current rating of the rectifier if the value of the inductance in henrys 
is equal to, or greater than 

( IE_I )' 
lllOx lmu Ci 

where I mn peak anode current rating of the valve, in amperes 
and C, capacitance in microfarads. 

This requirement may be met by ensuring that the L 1 and C1 values applied to 
Fig. 30.11 meet at a point on or above the corresponding K curve. 

SECTION 4 : TRANSFORMER HEATING 

For purposes of calculating transformer heating it is necessary to know the equiva­
lent r.ms. current in the winding supplying the rectifier. 

In the case of condenser input filters the r.m.s. value of the anode current can 
be obtained from Fig. 30.8 (upper curves). 

For choke input filters in which the inductance L1 is constant, the r .m.s. value 
of each anode current is given approximately by (Ref. 31) 

( «· )i 0.707 l + 2 IL (1) 

where or: 
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The following table has been calculated from eqn. (I) : 

Li Ot i. 

L, l 0.87 IL 
2L, 0.5 0.75 IL 
4.L, 0.25 0.72 IL 
infinity 0 0.707 IL 

For design purposes it seems reasonable to calculate on the basis of conditions at 
maximum current. If L 1 = 2L, at maximum current, as recommended in Sect. 3, 
the heating current in the transformer may be taken as 0.75 IL· 

For further information on transformer heating, see Chapter 5 Sect. 5 pages 236-237. 

SECTION 5 : VOLTAGE MULTIPLYING RECTIFIERS 

(i) General (ii) Voltage doublers (iii) Voltage trip/er (iv) Voltage quadruplers. 

(i) General 
Where it is required to obtain a higher direct voltage from a given a.c. input than is 

possible with normal rectifier cjrcuits and where for reasons of weight, economy or 
other factors it is not desired to use a transformer, voltage multiplying rectifier circuits 
may be used. 

These circuits involvF the principle of charging condensers in parallel from the 
input and adding them in series for the output, the switching being accomplished 
by the rectifier valves. 

(ii) Voltage doublers 
The voltage doubler can take one of two forms, half- or full-wave. 

Half-Wave. In the half-wave circuit (Fig. 30.12) on one half of the cycle the 
condenser C1 is charged through Vi ; this voltage is then added in series on the next 
half cycle to the voltage of the condenser Ct charged through V,. A voltage of 

" approximately 2E _ will appear across R L depending upon the rectifier type, load 
resistance and values of C1 and C2• The ripple frequency, as in all half-wave circuits, 

" will be the same as the supply frequency. C1 must be rated at the value of E_ and 

" C2 at 2E,.. 

Full-Wave. In this circuit (Fig. 30.13) C{ and C{' are charged on alternate 
I\ 

half cycles, approximately 2E_ appearing across the two in series. The ripple fre-
quency will be equal to twice the supply frequency and the condenser ratings should 

" be each equal to E_. 

Comparing the two circuits 
The voltage regulation is better for the full wave circuit at low values of wCR L 

I\ 
and the rating of both condensers need only be E _ but the circuit suffers the dis-
advantage of not having a common input and output terminal. The filtering is easier 
with the full wave circuit as the ripple frequency is twice the supply frequency, the 
ripple percentages being approximately equal. 
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I 
'1G. 30.12 

Fig. 30.12. Half wave 
voltage doubler rectifier 

circuit. 

FIG. 30.13 

Fig 30.13. Full wave 
voltage doubler rectifier 

circuit. 
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In both circuits, the larger the capacitance of the condensers the nearer the output 

" voltage will be to 2E ~ and the better the voltagl" regulation, but care must be taken 
that the peak current ratings of the rectifiers are not exceeded. 

It can be shown (Ref. 10) that at values of wCR L greater than 10, the values of 

" - " i 4/i 4, E.,/E_, ripple etc. for a half-wave voltage doubler are for all practical pur-
poses the same as the values for the full-wave voltage doubler and calculations of both 
types can therefore be made by means of the graphs in Sect. 2. 

From these graphs it can be seen that if a voltage multiplication of 1.6 or greater 
is required, the value of w CR L should not be less than 100, also that R,/ R L should not 
be greater than 1.5%. This means that if a voltage doubler is to give a high output 
and to be of good regulation, the maximum output current is strictly limited. 

(iii) Voltage tripler 
This circuit (Fig. 30.14) combines in series the outputs of a half-wave doubler 

A 
and an ordinary half-wave rectifie1, giving an output approximately three times E _. 
The ripple frequency will be equal to the supply frequency and the condenser ratings 
will be as for the individual circuits, 

" " " i.e. C1" rating E _ ; C,' rating = E _ ; C2" rating 2E_. 

-----o+ 

FIG. 30, 14 

(iv) Voltage quadruplers 

Fig. 30.14. Voltage trip­
/er rectifier circuit. 

There are two suitable circuits as given in Figs. 30.15A and B. (B) is essentially the 
same as (A) except for the connection of one of the input leads. This alteration 
results in a supply which has a common input and output lead, the only other altera-

" tion being that C1" must now withstand 3E _, while C.,' and C," are (as in Fig. 30.12) 
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FIG, 30.15(11) 

Figs. 30.15(A) and (B). Voltage guadrupler rectifier circuits. 

A A 

rated at 2E_ and Ci' at E_. Another advantage of (B) is that it lends itself to 
increasing further the number of times the voltage can be multiplied. 

For further details on voltage multiplying rectifiers, see References in Sect. 7. 
In all cases the polarity of the output can be reversed by reversing the polarity 

of the rectifiers and condensers. 

SECTION 6 : SHUNT DIODE BIAS SUPPLIES 

Where a supply of negative bias is required in an amplifier or receiver, as for ex­
ample the fixed bias operation of an output stage, this can be obtained by the use of 
a shunt diode without the addition of many components. 

If it is desired to make use of a high voltage winding on the power transformer 
for negative bias, the voltage so obtained is generally much greater than is required 

-1ev 

FIG, :,O. t? 

Fig. 30.16. Shunt diode bias supply suitalile for thl bias of r-f; i-f ana a-f amplifier 
""1ves. 

Fig. 30.17. Voltage doubler bias supply suitable for thl bias of output stages. 

Fig. 30.18. Shunt diode 
bias supply fed from thl 
transformer winding supply-

ing th, main rectifiers. 
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•~ •I ~ 
C IN J,# FIG. 30.19 

Fig. 30.19. Output voltage of the circuit of Fig. 30.18 for various values of C 1 and R,. 
250 

Fig. 30.20. 

•05 ., •2.5 •5 1-0 
C1 IN J1f FIG. 30. 20 

Rectifier peak current values for the circuit of Fig. 30.18 for various values 
of C1 and R 1• 
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Fig. 30.21. R.M.S. transformer secondary current in the winding supplying the shunt 
diode circuit of Fig. 30.18/or various values of C1 and R 1• 

for bias. In such a case power would be wasted in voltage dividers. The shunt 
diode system allows the use of a 6H6 type rectifier since the cathode is at earth potential. 
It is often possible to use a spare diode in one of the valves already in the equipmtnt, 
thus- doing away with the need for an extra valve. 

Two versions of the circuit are shown in Figs. 30.16 and 30.17, Fig. 30.16 being 
suitable for the bias on r-f, i-f and a-fvoltage amplifier valves. Fig. 30.17 is a voltage 
doubling circuit useful for the bias voltage of output stages. It has a maximum out­
put voltage of 18 volts when supplied from a 6.3 volt heater line. 

ll..l"'...OtR, 
1'011 R,-O-IMII. ;~-IOIR1 
F0R Ri"q:)0011.;f,;• S 1111 

Pig. 30.22. Shunt diode bias supply with r.c. filtering. 

When more than 18 volts are required the condenser C1 may be fed from the trans­
former winding supplying the main rectifier in the equipment. This is shown in 
Fig. 30.18 and typical values are given together with the measured performance 
(Figs. 30.19-21) in order that the magnitude of the various quantities may be asses,ed. 
The irregularities in the curves of output voltage for various values of C1 are due to the 
resonance of C1 and L, but apart from modifying the shape of rectifier current pulses 
no other u.ndesirable effects are evident. Care must be taken that the filter condenser 
Ca is isolated from C1 by a high value of impedance or large currents will be drawn 
from the transformer windings. In cases where only low output currents are required, 
L may be replaced by a resistor of not less than 100 000 ohms. This circuit arrange­
ment is shown in Fig. 30.22, the output voltage for various values of capacitance 
being given in Fig. 30.23. 
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FIG. 30, 23 

Fig. 30.23. Output voltage of the circuit of Fig. 30.22for various values of C, and R,. 
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CHAPTER 31 

Fll..TER.ING AND. HUM 

Section 
By R. J. RAWLINGS, Grad.I.E.E., Associate Brit. I.R.E. 

1. Inductance-capacitance filters 
2. Resistance-capacitance filters 
3. Parallel T filter networks 
4. Hum (General) 
5. Hum neutralizing ... 
6. References 

SECTION 1: INDUCTANCE-CAPACITANCE FD..TERS 

Page 
1192 
1194 
1194 
1196 
1200 
1201 

~nsideration has already been given in Chapter 30 to the value of ripple voltage 
BR m_ the ou~ut o~ condenser- and choke-input rectifier systems. This chapter 
~kes mto cons1derat1?D- the filter components required to reduce the value of ripple 
given by 0:1e gra_phs m Chapter 30, to th~ value ~t is allowable for the equipment 
under cons1derat1on. The latter value will l:ie designated as E RI for one additional 
filter section, as in Fig. 31.lA, or E R2 for two additional filter sections. 

Fig. 31.lA. Circuit diagram of 
f ull-waw choke-input rectifier 
system, followed by single section 
filter L1C1 to give reduud ripple 

voltage E Rl. 

It can easily be shown that for a g:iven total value of LC, maximum filtering is ob­
tained when all the filter sections are similar. Increasing the number of sections for 
a _given total value of LC also increases the filtering, but there is little gained in break­
ing up the filter into more sections than that number which makes XL lOX •· 
This is only appropriate if there is a definite limitation in the maximum value of 
LC. In general, better economy will be achieved by using not more than two sections, 
and increasing the value of C to g:ive the required filtering. 

The filter factor ,x =ER/ERn (wR•LC- l)" 
where n is the number of additional similar ~ections. . 

LC is the value of LC for one section (henrys and farads) 
and "'R = 2,if R 
where f R = ripple frequency. 

This can be expressed as :-
LC = ("y'; + 1)/ wR• 0.0254 ("\f; + 1)/JR•· 

The formula above assumes that XL ~ 20X., the usual practical case. 
For quick reference, a graph has been prepared (Fig. 31.1B) for a single section 

filter to give the relationships betWeen th~ values of ER, ER1 aud L,Ca based on the 

1192 
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L1 (ICNAIES) l c,(MICAOFARAOS) FIG. 31.I B 

Fig. 31.1B. Approximate relationships between ER, ER1 and L,Czfor 50 c/sfull-wave 
rectification (i.e. 100 c/s ripple frequency) and single section filter. For other ripple 
frequencies, the value of the LC scale should be multiplied by the appropriate factor 
as follows. 

40 c/s ripple-6.25; 50 c/s ripple-4; 60 c/s ripple-2.78; 80 c/s npple-1.56; 
120 c/s ripple--0.695. 

approximate formula i:i = "'R"LC which is sufficiently accurate for most applications. 
The values of L,C, in Fig. 31.1B only hold for full-wave 50 .c/s, but may be adapted 
to other conditions by multiplying by a factor (see title). 

With either a condenser-input (Fig. 30.IF) or choke-input filter having a second 
filter section (Fig. 31.IA) it is important to avoid resonance between the choke L 
(or L,) and condensers C1 and C, in series. The inductance should be sufficiently 
large to avoid resonance, with a comfortable margin, over the whole frequency range 
of the amplifier and at least down to the ripple frequency (e.g. 100 c/s for 50 c/s 
mains and full wave rectification). This may be accomplished by ensuring that in 
Fig. 31.IA 

C1 + C, 25000 
L, ;;;;; ,., C · - 1~ henrys 

l,1 • 

where f = minimum rated frequency of amplifier in c/s, 
and C1 and C2 are in microfarads. 

C1 + C, 
When/ = 100 c/s, L1 ;;;:; C C x 3.5. 

1 • 
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Wh f C, + C2 
en = 50 c/s, L2 ~ C C x 14. 

l : 

f c, + c. 
When = 25 c/s, L 2 ~ C,Ca x 56. 

For example, when C, = Ca = 8 µ.F and/= 25 c/s, L = 14 henrys minimwn. 

SECTION 2 : RESISTANCE-CAPACITANCE Fll.TERS 

In cases -where filtering of a low-current supply is required, as in the case of the 
early stages of an audio-frequency amplifier or for cenain applications in electronic 
instruments, resistance-capacitance filters can be used. The filter factor 
a. = E R/E Rl wCR + 1 and for ripple frequencies of 50, 60, 100 and 120 c/s this 
can be read directly from Fig. 31.2, for a single section filter. 

See also Chapter 4 Sect. 8(ii) and (iii). 
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Fig. 31.2. CurtJefor determining the value of a. = ER/ER, of a resistance-capacitance 
type single section filter for frequencies of 50, 60, 100 and 120 c/s. This curtJe is based 

on the formula, ER/ER,= wCR + 1. 

SECTION 3 : PARALLEL T FD.TER NETWORKS 

A useful filter network is that shown in Fig. 31.3(a). This can be transposed, 
for any one frequency, to its equivalent 11 network as in (b) and, by correct choice 
of the values of circuit components, the attenuation can be made theoretically infinite 
at any one frequency (fa:,). Conditions for infinite attenuation are-

1/ C, w = KRa 
2R1 = K'R, 

2/C1 w = R2/K where K is a constant. , 
When the parallel T network is used for power supply filtering, the value of K to be 

used depends upon a number of considerations :-
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FIG, 11. ~ 

~-1tC 
(a) 

~ 
0 I I 0 

(b) 

1195 

Fig. 31.3. Resistance-capacitance parallel T network and its equivalent II network. 
1. The d.c. resistance of the filter (i.e. 2R2) should be as low as possible. 
2. The total capacitance should be as low as possible. 
3. Standard value components may be used. 

Table 1 : Showing the relationships between R" R 2, C 1 and C2 for various K values. 
K 

1/2 
1/\12 
1 
v2 

Resistances Capacitances 

C2 = 0.5C, 
c. = c, 
C2 = 2C, 
C, = 4C, 

Jrr.i 

l/(rrR2C1) 

1/(V2rrR2C1) 

1/(2rrR2C1) 

1/(2V2rrR2C1) 

Table 2 : Showing the total capacitance values reqwred for var10us values of K 
with Joo 100 c/s, R 2 = 200 ohms. 
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1/2 
11vi 
I 
vz 

' " ' " 
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'""' 

* I fO 

if 
i 
\,! 
:I .. 
I • I 10 

v :~ 

10 
10 

I 

I 
' 

! 

I 

' 
' 
' 

Capacitance in ,,F 

c, 
I c. I 2C1 + C1 

15.9 7.95 39.75 
11.25 11.25 33.75 
7.95 15.9 31.8 
5.625 22.5 33.75 

Ra ~I 

~ ., i RrrC• 
~ >, 0 0 

ffiE' ; }· ...... : 
'-1"1 ' i 

I\ ' ~ 
I ' ~ \, 

• 
i i .... 
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! 

ii: I 
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10' ,01 10"' 
INFINITE ATTENUAT10N FREQUENCY (C/S) 

l='tC. 11.4 

Fig. 31.4. Values of R 2C1 required/or various values of K to obtain infinite attenuation 
at frequency f"'. 
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Fig. 31.5. Typical complete 
filter circuit using a parallel 

1' filter network. 

By reference to Fig. 31.4, it will be seen that the minimum value of R2C1 will be 
required for K = vi Whenf 00 100 this gives a value of R2C1 not easily obtain­
able with standard values of components, and K 1 will give more easily obtained 
values. J\lso when K = 1, the total capacitance required is a minimum. Where use 
is made of this filter, some attenuation must be provided for the ripple frequency 
harmonics, and this may be accomplished by means of a resistance-capacitance filter 
(see Sect. 2). A typical complete circuit is shown in Fig. 31.5. 

For the theory of parallel T filter networks reference should be made to Chapter 4, 
Sect. 8(iii). See also Ref. 1. 

SECTION 4 : HUM-GENERAL 

(i) Hum due to conditions within the valves (ii) Hum due to circuit design and 
layout (iii) Hum levels in receivers and amplifiers. 

Hum in the output of an a.c. operated receiver or amplifier may be due to many 
causes. Th~e may be sub-divided into two main groups, hum due to conditions 
within the valves, and hum due to circuit design and layout. 

(i) Hum due to conditions within the valves 
This is caused by the use of a.c. for the heater supply and can give rise to hum in 

the output in several ways : 
(1) capacitive coupling from the heater to any electrode 
(2) heater-to-cathode conduction 
(3) heater-to-cathode emission (or vice versa) 
(4) modulation of the electron stream by the magnetic field of the filament 
(5) conduction (i.e. leakage) from any electrode, with ripple voltage applied, to 

another ele<..trode 
(6) hum due to operating valve in magnetic field from external source. 

Explaining these in more detail 
(1) The amount of hum appearing at the plate of a valve due to capacitive coupling 

between the valve heater and an electrode, will depend upon the electrode to which 
this coupling takes place. The most serious case is that between heater and control 
grid as the voltage transferred will be subject to the full gain of the valve. In fairly 
high gain amplifiers it is advisable to use a potentiometer of 100 to 500 ohms resistance 
across the heater supply close to the valve socket ; the slider is earthed and its position 
adjusted for minimum hum output. In this way the hum voltages fed from each side 
of the heater to the control grid can be made equal and opposite. 

In lower gain amplifiers a centre-tapped heater winding may be used or, more 
usually, a centre-tapped resistor acrose the heater supply. In the latter case the re­
sistor may have a resistance of 50 + 50 ohms for 6.3 volt heaters. In some cases it is 
pra<..-ticable to omit any form of tapping, and in these cases one of the heater terminals 
should be earthed. In the case of types in which the con.trol grid or plate pin is 
adjacent to one heater pin, the latter should be earthed. Where the grid pin is separ-
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ated from one heater pin only by one other pin, the latter should preferably be earthed 
directly, or else by-passed to earth by a large condenser. In other cases the heater 
terminal to be earthed should be chosen to provide minimum hum with regard to the 
position of un-earthed or unbypassed terminals. 

Valves with the grid connection brought out to a top cap have less capacitance 
coupling between heater and grid circuits, but there may be appreciable electro­
magnetic coupling into the loop formed by the cathode-to-grid path and the return 
path through the valve. For this reason it is sometimes found that a double-ended 
valve gives more hum in a low level amplifier than a well designed single-ended stage. 

When single-ended valves are used, the all-glass {e.g. miniature) construction gives 
less capacitance coupling from heater to grid or plate than an equivalent single-ended 
valve with a " pinch " {stem press) construction. 

Reduction of the grid resistor value will also reduce the hum due to capacitive 
coupling, as the grid resistor and the heater-to-grid capacitance form a potential 
divider which determines the proportion of the heater voltage fed to the grid, unless 
there is a large grid coupling condenser and a low impedance to earth from the other 
side of it. 

Diode-heater capacitance can also cause high hum levels in diode-triodes and diode­
pentodes as the diode is effectively coupled to the control grid. For this reason it is 
recommended that the diode used for signal detection should, in the case of double­
diode valves, be the diode. further from the heater pins on the valve base. 

(2) Conduction from heater to cathode will cause a current to fiow from the heater 
to the cathode, thence through the impedance between cathode and earth. The 
resultant hum may be minimized by reducing the effective voltage applied to the 
circuit, and by reducing the impedance between cathode and earth. The voltage may 
be reduced by a potentiometer connected across the heater supply, with the slider 
earthed and its position adjusted for minimum hum output-as for hum due to capaci­
tive coupling. The impedance between cathode and earth may be reduced by the use 
of a large capacitance by-pass condenser across the cathode bias resistor, or may be 
made zero by earth:ng the cathode and obtaining negative bias from some hum-free 
source. 

See also Ref. 7. 
(3) Emission from heater to cathode is caused by impurities in the heater insulation 

material or from the deposit, during valve manufacrure, of cathode material on to the 
heater. To overcome this fault the heater should be biased positively with respect 
to the cathode. As the voltage required may be of the order of 50 volts, the minimum 
required to give satisfactory hum reduction should be used to avoid exceeding the 
maximum permissible heater-cathode voltage. 

Cathode-to-heater emission can also take place and cause hum, although it is not 
common. The cure for this is the biasing of the heater negatively with respect to 
cathode. 

In the general case hum may be due to two or more causes, and minimum hum may 
be obtained in any particular case by connecting the moving arm of the potentiometer 
to a point of positive (or sometimes negative) voltage of the order of 5 to 50 volts and 
by experimentally obtaining optimum adjustment of both potentiometer and voltage. 

( 4) Modulation of the electron stream by the magnetic field will depend on the type 
of heater and the electrode construction. If the centre-point of the heater circuit is 
earthed, the double helix gives noticeably less hum than the folded heater, but when 
one side of the heater is earthed the reverse may occur, depending on the electrode 
arrangement-see Ref. 6, Fig. 47. 

Heater-induced hum in a-f amplifiers-summary* 
The amplifier designer has to make allowance for the total hum, effective at the grid 

of the valve, due to the use of a.c. supply to the heater. There are very few valve 
types for which information is available in this regard-see Chapter 18 Sect. 2(v) 
for hum data on types l2AY7 and 5879. Tables have been published (Ref. 10) giving 
values of the 60 c/s component of the hum voltage of a fairly wide range of types with 

•Contributed by the Editor. 
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cathode by-passed and unbypassed, grid resistor zero and 0.5 megohm, and with 
different heater earthing arrangements but this does not give any indication of the total 
hum and is likely to be misleading since the ratio of total hum to 60 c/s component 
varies widely from type to type. 

By the choice of a suitable valve type (e.g. 5879, triode operation) it is possible to 
achieve a median hum voltage effective on the grid of less than 4 microvolts under 
optimum conditions, with only a small percentage exceeding 10 microvolts, with grid 
resistor 0.1 megohm. On the other hand, with other types of valves and with other 
than optimum conditions, the hum may exceed 500 microvolts. 

See also Chapter 12, Sect. l0(vi) and Chapter 18, Sect. 2(iii). 
Refs. 5, 6, 7, 9, 10. 

(ii) Hum due to circuit design and layout 
The most common of hum troubles due to circuit design is caused by insufficient 

smoothing in the power supply. Where hum is introduced in the early stages of an 
amplifier, a simple RC filter can often be used (see Sect. 2). RC filters can also be 
used to supplement conventional filtering when lack of filtering in r-f and converter 
stages causes modulation hum. 

Modulation hum can also be caused by capacitive coupling between primary and 
secondary windings of the mains transformer. The cure is the addition of an earthed 
electrostatic screen between the windings, or in some cases filters can be fitted in the 
mains leads as in a.c./d.c. receivers. Every care should be taken to eliminate r-f 
pickup from all sources other than the aerial, and receivers should be earthed directly 
rather than connected to the mains conduit which may have a high resistance earth 
connection. Capacitive coupling between the mains lead and aerial can also cause a 
mains frequency modµlated carrier to be passed through the receiver. 

In a.c./ d.c. receivers care must be taken in the series connection of heaters. Usual 
practice is to place the a-f valve heater right at the ear:thy end, with the converter 
(which is particularly susceptible to modulation hum) next to it. In a.c./d.c. audio 
frequency amplifiers the earliest stages should be at the earthy end. 

Electrostatic pick up of hum voltages by high impedance circuits from nearby 
leads carrying alternating currents may be avoided by the fitting of electrostatic shields 
or, where the capacitance of screened lead is permissible (as in the case of filament 
wiring) the use of screened a.c. leads is recommended. The use of twisted filament 
leads tends to cancel out the magnetic field around the leads. 

The magnetic fields surrounding power transformers can give rise to induced cur­
rents in filter chokes and in a steel chassis. For this reason the use of a separate 
chassis in the case of high gain amplifiers is to be preferred. Alternatively the chassis 
may be made of non-magnetic metal. The placing of the power transformer lamina­
tions vertically usually gives rise to less hum than when they are placed in the same 
plane as the chassis, particularly when the chassis is of a magnetic material. Thorough 
screening of intervalve transformers (and more particularly microphone input trans­
formers) from the magnetic field of the power transformer is also necessary, and high 
permeability shields or astatic type windings may be necessary in extreme cases to 
reduce hum to the required level. ~ orientating transformers and chokes with 
respect to each other a position of minimum coupling can be found which may avoid 
the necessity for taking more elaborate measures. If the position of minimum coup­
ling is at all critical, it is recommended that an individual adjustment be made for each 
amplifier. The filter choke and transformer fields must also be kept away from high 
gain valves to prevent modulation of the electron stream. 

The reason for high hum-level output in a receiver or amplifier can often be de­
termined by the pitch of the note. If it is due to poor filtering, the 50 or 60 c/ s in the 
case of half-wave rectification or the 100 or 120 c/s note with full-wave rectification 
will predominate. If the hum is induced from the power transformer the note will 
be 50 or 60 c/s while with capacitive hum pick up the note will be rough owing to the 
accentuation of the harmonics of the supply frequency. 
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When tracing hum it may be found that the reduction of hum in one part of the 
circuit may increase the overall hum level as, when the hum is due to more than one 
cause, a certain amount of cancellation may be taking place. 

See also Chapter 18, Sect. 2(iii) on pre-amplifiers. 
Hum caused by heater-cathode leakage with an unbypassed cathode resistor is 

dealt with in Chapter 7, Sect. 2(ix)B. 
The effect of the output valve on hum originating in the plate supply 

voltage* 
(See Chapter 7, Sect. 2(ix) for the effect of feedback). 

Case (1)-Triode with transformer-coupled output 
The hum output voltage across the primary of the output transformer is 

E, 0 = E,Rd(RL + r.) 
where E, hum voltage in plate supply 

R L load resistance reflected on to primary of output transformer 
and r • plate resistance of valve. 

If R L 2r • (as is typical) 
then E, 0 0.67 E,. 
Case (2)-Triode with parallel-feed (series inductor) 

This is an excellent circuit for low hum provided that the choke L, has a reactance 
at the hum frequency at least several times the impedance of r • and R L in parallel. 

See Chapter 7, Sect. 2 equation (55). 
E, 0 cos 8. E, 

where 8 = tan- 1 L1/ R 
and R = r,RL/(r, + RL). 
Case (3)-Pentode with transformer-coupled output 

See Chapter 7, Sect. 2, equation (53). 
E, 0 = E,[Rd(RL + r,) + RL µ, 2,/(RL + r,)]. 

The screen and plate effects are additive. The second term would become zero 
if the screen were perfectly filtered. 
Case (4}-Pentode with parallel-feed (series inductor) 

The hum due to the plate circuit is low, but that due to the screen is high. Screen 
filtering is required for low total hum. 

See Chapter 7, Sect. 2, equation (57). 
E,o ~ E, cos e - RL 11- ••• l(RL + r,) 

where 8 and R are as in Case (2). 
References: Chapter 7 Refs. B3, B4, BS, B7. 

Typical values (all cases) 
Typical values for types 2A3 and 6V6 are given in Chapter 13, Sect. l0(v). 

(iii) Hum levels in receivers and amplifiers* 
It is convenient to express hum levels in dbm, rather than as so many db below maxi­

mum power output. This hum is measured with zero signal output. 
Hum should, ideally, be completely inaudible. This ideal is capable of achieve­

ment, although at a price, so far as the hum introduced by the receiver or amplifier is 
concerned. Audible hum is a defect which, while it may not prevent the sale of the 
equipment, will certainly be an annoyance to a critical user. 

Hum is objectionable firstly because of its direct effect with zero signal, and secondly 
because of its indirect effect in modulating the signal. 

The maximum acceptable hum level may be determined by a listening test in a quiet 
residential area, or under actual conditions for a custom-built equipment. The 
listener for the test should be one having at least average, and preferably higher than 
average-; acuity of hearing for the lower frequencies. 

Alternatively, the maximum permissible hum level may be calculated. For example 
if the predominant hum frequency is 120 c/s, the loudspeaker efficiency at 120 c/s 
is 3%, the angle of radiation at 120 c/s is 180°, and the listener is 1 foot from the 

•contributed by the Editor. 
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loudspeaker, then the limit of audibility is about -35 dbm for an average listener, 
and -45 dbm for a very critical listener. A good quality receiver or amplifier should 
therefore have a hum level less than -35 dbm for 3% loudspeaker efficiency at the 
hum frequency. This quoted loudspeaker efficiency of 3% is a fairly typical average 
value over the a-f frequency band, but the effective efficiency at the hum frequency 
may be higher or lower than the average value. The efficiency at the hum frequency 
will be higher than the average value if bass boosting is used, or if the cabinet/loud­
speaker combination accentuates the hum frequency. The efficiency at the hum 
frequency will be lower than the average value if the hum frequency is lower than the 
loudspeaker bass resonance or if the cabinet attenuates the hum frequency. In 
cases where the loudspeaker efficiency is higher or lower than 3%, the pennissible 
hum level should be adjusted accordingly. 

This calculation for hum is somewhat unrealistic since it is based on the supposition · 
that the hum is predominantly a single frequency. Any higher frequency components 
will give a higher acoustical hum level without appreciably affecting the measured 
value. 
SumJJling up 

For critical home listening with low room noise and with loudspeakers of normal 
sensitivity, the hum level should not be above -40 dbm, with -50 dbm as a pre­
ferred limit. 

Under other conditions, with higher background noise or a less critical audience, 
a somewhat higher hum level may not be found objectionable. 

SECTION 5 : HUM NEUTRALIZING 
(A) One form of hum neutralizing is that using a hum-bucking coil in series with 

the voice coil in speakers where the field coil is used as the filter choke. 
(B) A valve hum neutralizing system which has certain applications where a sub­

stantially constant load is to be supplied is shown in Fig. 31.6. This circuit has been 
explained in detail elsewhere (Ref. 3) and neutralization is dependent upon the valve 
producing a hum voltage of the same value and 180° out of phase with that already 
existing in the plate supply voltage. The valve must therefore be capable of pro­
ducing a gain of unity between grid and plate, the feedback resistance R. ( = R 0 + R1) 

being adjusted to obtain this balance. 

t 
I! 

INPuf 
INP\11' OUTPl/f 

6AU6 
Triode 
-Connectn 

Rc"Ab+Rt 
EOOTPUT • E INPUT - R,(l# t,.) 

t 
E 
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FIG. ll. 7 

Fig. 31.6. Valw hum Fig. 31.7. Practu:al fJaifJ11 hum neu-
neutralizing circuit. tralizi.ng circuit. 

A typical circuit is shown in Fig. 31.7 and the value of ripple reduction oc obtained 
together with the values of R. are plotted in Fig. 31.8 as a function of R,. 

The lowest ripple frequency which this circuit will suppress depends upon the time 
constant of R,C, which for this circuit is given by T R,C,/(1 - R,/R,) pro­
vided µ. > 1, and the internal resistance Ro = R, µ./(µ. + I). 

As the condition for neutralization does not involve the load impedance, the re­
latively high impedance of the regulator can be reduced to a low value for a.c. voltages 
by shunting the output by a large condenser. 
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In this way coupling between stages due to a high common impedance can be re­
duced. 

Care must be taken that the value of input ripple to the circuit does not swing the 
valve beyond the linear position of its characteristics. 

(C) Another form of neutralization, which is limited to pentode voltage amplifiers, 
is described in Chapter 12 Sect. IO(vi)D and Fig. 12.57. 

(D) A form of neutralization suitable for use with multistage amplifiers is described 
in Ref. 4. Another form is described in Ref. 11. 

(E) Various types of neutralizing are commonly used in radio receivers, for example, 
hum from the back bias supply may be neutralized at the grid of an output valve by 
hum from the B supply, with a suitable choice of output valve grid leak and plate load 
resistor for the a-f amplifier. In other cases the balance of these hum components 
may be adjusted so that the resultant I!eutrali.i:es hwn in the plate circuit of the output 
valve. More complicated neutralizing circuits even include hwn components from 
the control and screen grids of the a-f amplifier in the balance at the grid of the output 
valve. 
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CHAPTER 32 

VIBRATOR POWER SUPPLIES 
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SECTION 1 : VIBRATORs-GENERAL PRINCIPLES 

(i) Operation (ii) Vibrator types (iii) Choi"ce of vibrator (iv) Coil energizing 
(v) Waveform and time efficiency (vi) Standards for vibrators for auto-radio. 

(i) Operation 
The vibrator consists essentially of a vibrating reed. upon which are mounted 

switching contacts. By the method of connection in a battery circuit, these contacts 
enable the direct battery voltage to be converted into an approximate square wave. 
This can then be transformed and rectified to obtain a plate voltage supply. The 
standard type vibrators operate at a frequency between 100 and 120 c/s. High fre­
quency types operating about 250 c/s are available for special applications. 

l~t 

FIG.~•I INTE:RRUPTE:R TYPE VIBRATOR. 

(ii) Vibrator types 
There are three basic types of vibrator and these are shown with their circuit con­

nections in Figs. 32.1-32.3. 
Fig. 32.1 shows the interrupter (non-synchronous) vibrator which acts as a single 

pole double throw switch, leaving rectification to be performed by a separate rectifier. 

1202 
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FIG. '?>2·2 SELF-RECTtrYING TYPE VIBRATOR. 

The short-circuited secondary is used by some vibrator manufacturers to reduce 
the inductance of the energizing winding and hence the sparking of the starting con­
tacts. 

Fig. 32.2 gives the circuit arrangement for the self-rectifying (synchronous) vibrator 
which in addition to switching the primary circuit has a further pair of contacts to 
provide mechanical rectification of the transformer secondary voltage. 

The third type, Fig. 32.3, is a modification of the synchronous type in which, by 
splitting the vibrating reed, the primary and secondary circuits are isolated from each 
other. 

... + 
~-------• BATTERY 

FIC. :!.2•~ SPLIT-REED SELf-RECTIF"YING TYPE VIBRATOR. 

(iii) Choice of vibrator 
The choice of the type of vibrator to be used will depend upon the application for 

which it is required. 
Where vibrator equipment has to operate with either positive or negative earthed 

systems, either the interrupter type with a valve rectifier or the reversible self-recti­
fying type must be used. This latter type is a standard self-rectifying vibrator which 
can be fitted into its socket in two positions, by rotation through 180°. The use of 
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these two positions enables the correct output polarity to be obtained from either 
positive or negative earthed supplies. 

In the self-rectifying type, the elimination of the rectifier valve reduces the overall 
size, power consumption• and heating of the equipment, although at the expense of 
increased difficulty in hash elimination and, perhaps, of some of the reliability of the 
non-synchronous type. 

The use of split-reed synchronous vibrators allows greater circuit flexibility, par­
ticularly in cases in which one model of radio receiver is to be used with dry-battery 
or vibrator-operated power supplies. 

FIG,l.!•4 

(iv) Coil energizing 

Fig. 32.4. Separate driver 
system energizing. 

There are three possible methods-Fig. 32.4 shows the separate driver system 
energizing while Fig. 32.5A shows shunt energizing with separate starting contacts, 
and Fig. 32.5B is the conventional shunt energizing arrangement. With the separate 
driver system, the coil is operated by only the battery voltage ; in the conventional 
shunt connection the coil is operated by greater than the battery voltage due to the 
auto-transformer action of the transformer primary . 

m:.»•$ 
Fig. 32.5. 
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Two alternative methods of shunt coil energizing; (A) with separate 
starting contacts (B) conventional shunt energizing. 

The advantage claimed for the separate driver system energizing and also for the 
arrangement shown in Fig. 32.5A, is that as the coil current is not switched by the 
power contacts, good starting will be obtained even towards the end of life or at low 
battery voltages. This is not the case in Fig. 32.5B in which the starting performance 
is dependent upon the condition of the power contacts. 

*If a cold-cathode rectifier is used the power consumption of synchronoWI and non-synchronous 
types should be the same. 



www.pmillett.com

32.1 (v) WAVEFORM AND TIME EFFICIENCY 1205 

(v) Waveform and time efficiency 
The general waveform of a vibrator output voltage is given in Fig. 32.6 ; the periods 

t 2 and t 4 are referred to as the " off contact " time interval. For reasons of consistent 
operation with life, these times t 2 + t 4 are made from 10% to 30% of the total dura­
tion of the cycle. The remaining part of the cycle t1 + t3, which is the " on contact " 
time, is therefore from 70% to 90% of the cycle and its value is known as the" time 
efficiency." 

The relationships between the peak, average and r.m.s. values of the vibrator 
waveform are given below-

Peak value = E • 
R.M.S. value y-;;;,E • 
Average value wtE • 
Form factor ~/ w 1 

where E • is the battery voltage and "'• is the time efficiency expressed as a decimal. 
The rectangular waveform will be modified to a certain degree by the timing capaci­

tance (see Sect. 3) and will take the approximate form of the dotted curve in Fig. 32.6. 
This change will not greatly affect the relationships given above . 
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(vi) Standards for vibrators for auto radio 
Extract from R.M.A. Standard REC-113--" Vibrating interrupters and rectifiers 

for auto radio-frequency 115 cycles" (April 1948). 
Voltage ratings-nominal 6.3, operating 5.0 to 8.0 volts. Reed frequency at 6.3 

volts : 115 ± 7 c/s. See Standard for enclosures, base pins and circuit. 

SECTION 2: VIBRATOR TRANSFORMER DESIGN 

(i) General considerations (ii) Transformer calculations (iii) Standards for vibrator 
power transformers. 

(i) General considerations 
There are many considerations in vibrator transformer design which require par­

ticular attention as against a similar transformer used on a sinusoidal supply. How­
ever see also Chapter 5 Sect. 5 for power transformer design. 

For a given power output the vibrator transformer will be of greater size for a nwn­
ber of reasons. Half the primary is inactive at any instant due to the need for a centre­
tapped winding to obtain the necessary flux reversal. The primary winding should 
be designed to have the minimwn possible resistance, in order that as large a portion 
of the battery voltage as possible is available for transformation. This means the use 
of a wire of large diameter with a correspondingly poor space factor. Electrostatic 
shields between the windings, which are sometimes used to assist in the elimination 
of hash, also add to the size. 

An important point in the transformer design which affects the life of the vibrator 
is the value of primary leakage inductance. This leakage inductance component 
in the primary circuit can resonate with the reflected value of the timing capacitance 



www.pmillett.com

1206 VIBRATOR TRANSFORMER DESIGN-(i) GENERAL 32.2 

to produce an undesired damped oscillation, while possible insulation breakdown 
and contact arcing may result. Therefore where practicable a winding of the pan­
cake type should be used, or else the winding shown in Fig. 32.7, the windings being 
arranged so that the active sections of the primary and secondary are always adjacent. 
When manufacturing economy requires the use of the cheapest form of winding, 
best results are obtained by winding the two halves of the primary first and then the 
two halves of the secondary. This gives lower leakage reactance than the reverse 
type of winding. 

Fl<,.'.!>2•7 

The secondary insulation should be good enough to prevent the risk of a voltage 
breakdown caused by any irregularity occurring in the vibrator during life which 
may cause high transient voltages to be developed. 

As the magnetizing current of a vibrator transformer has to be supplied by the 
battery, this represents a power loss and it should be reduced to the minimum possible 
value---for further details see Sect. 3(iv). This can be done by keeping the flux 
density B at a low value. The value of B will depend upon the primary voltage, all 
other quantities being fixed. This value of primary voltage is subject to considerable 
variations; e.g. from 5.5 to 7.5 volts on a car radio input when a voltage regulator 
is fitted to the battery charging system, and this may rise to"9.0 volts without the 
regulator. In the general case the transformer may be designed to have satisfactory 
characteristics at a maximum of 8 volts. 

A high value of magnetizing current also limits the maximum output available 
from the vibrator. This is because the magnetizing current has to be handled by the 
primary contacts whose current carrying capacity is limited, thus reducing the current 
rating available for the load. 

(ii) Transformer calculations 
The equation for vibrator transformers is 

E.w,.108 
(1) 

where E 

"'• 

4/.B.A 
highest battery voltage at which satisfactory operation is required 
vibrator time efficiency expressed as a decimal 
vibrator frequency in cycles per second f 

A effective cross sectional area (i.e. actual cross sectional area x the 
stacking factor) in sq. inches 

B flux density in lines per sq. inch 
and N = "effective" number of primary turns (i.e. ½ total primary turns). 

The v.tlue of A can be estimated from the relationship 
A ,VW/5.58 sq. ins. (2) 

where W primary watts under full load. 
The r.m.s. value of the transformer primary current is given by 

llbl = (,Vwi/w,)[o 
where J • = average battery current in amperes. 
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For values of w 1 e;; 0.8, V wt! w1 l'l:i 1 and II ,I I~-
This value of current can be used in the calculation of the required wire diameter. 
As the primary is of heavy gauge wire, and has to be centre tapped, it is of advan-

tage to have an even number of primary layers ; this brings the centre tap to the 
outside of the winding. Therefore when commencing the design, where possible 
it is of advantage to choose the total number of turns (2N») to give an even number 
of layers. The required effective cross sectional area of the core is then given by 

A = Ew1 108/(4/BN»). (4) 

(iii) Standards for vibrator power transformers 
R.M.A. Standard REC-119 " Vibrator power transformers " (Sept. 1948) gives 

purchase specifications, performance specifications, test equipment and procedure. 

SECTION 3 : TIMING CAPACITANCE 

(i) The use of the timing capacitance (ii) Calculation of timing capacitance value 
(iii) Percentage closure (iv) Effect of flux density on timing capacitance value. 

(i) The use of the timing capacitance 
The usual simplified form of the vibrator voltage wave is shown in Fig. 32.8. The 

dotted curve shows the damped oscillation obtained by the addition of the timing 
capacitance. In actual operating this oscillation will be suppressed at C when the 
other contacts connect the battery to the other half of the transformer. The oscilla­
tion is shown in full in Fig. 32.8 to illustrate how the first part of the cycle is operative 
in automatically reversing the battery voltage, so that there is zero potential across the 
contacts when they make. 

I 
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0 t-'--------'-'H--.J.-/------,,--'\~-+-,,.._-_,,--=~-

I 
C I 

flc;.?.2-a 

I 
I 
I 

\ I 
' I ,_ 

(ii) Calculation of timing capacitance value 

TIMI 

The value of the timing capacitance, to give the correct frequency of oscillation for 
the conditions above, is given by 

H.1 .... (1 - w1)108 

C., BN».f.E ,.F (5) 
where l... = length of magnetic path in inches 
and H = the value given by the BH curves for the transformer iron being used, 

at the value of B corresponding to the voltage E in the equation above. 
The equation will give the required value of timing capacitance C., to be used across 

the primary. For reasons of size and economy, it is usual for the timing capacitance 
to be placed across the secondary. The value of the equivalent secondary capacitance 
C, will be C»/(N,/N»)• microfarad. 

While these equations will give an approximation to the required value of timing 
capacitance, some modification of this value will be required in practice. The final 
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value should not be decided, until after examination of the voltage waveform obtained. 
This test should be carried out with a number of samples of the vibrator which it is 
intended to use. 

(iii) Percentage closure 
When the waveform of Fig. 32.8 is obtained, by the correct choice of timing capaci­

tance, there is said to be 100% closure. Figs. 32.9 and 32.10 illustrate the effects of 
over- and under-closure respectively. 

0 
TIME 

flC..!2·9 

As the effect of overclosure is to produce high transient voltages, and as during life 
the tendency is for t1 and t 3 to become shorter, the vibrator will rapidly deteriorate. 
By aiming at slight under-closure the effect during life is for conditions to approach 
100% closure. 

For this reason a value of approximately 65% closure is chosen for an average case, 
as shown in Fig. 32.lOA-this means a larger value of timing capacitance than indicated 
by eqn. (5). 

r··1··r. 
~ ~ 
I : l ~ 
:, I I I 

0 -------.-' -----­TIME I I 
I I u 
L.,.J.L 

FIG. 32 .10 

(iv) Effect of tlux density on timing capacitance value 
The equation for the timing capacitance shows the need for the careful choice of the 

value of flux density used in the transformer design. For it will be seen that a change 
in the ratio of H/E in eqn.(5),such as will take place when working on the curved 
characteristic of the BH curve, will result in different values of timing capacitance 
being required at different loads. If the value of H/E is to be kept constant, B must 
be directly proportional to H over the working range. Examination of Fig. 32.11 
will show that this is not the case, even QJl the straight portion of the BH curve, as a 
line drawn through the straight portion of the curve would not originate at the junction 
of the X and Y axes. A more exact approximation to the desired condition can be 
obtained by working around the knee of the curve ; operation at this point will result 
in greater economy of iron. 

In Fig. 32.11 the line OY has been drawn so that the deviation of the BH curve 
from the ideal curve OY is such that the values AA', BB' and CC' when transferred 
to the H scale, represent equal values-in this case 7l% of the nominal value. Thus 
the timing capacitanee does not vary by more than 7l% for a variation in flux from 
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53 to 81 kilolines/sq. inch. Point A at 71 kilolines/sq. inch would appear to be, in 
this particular case, the optimum point where a variation of plus 14% and minus 
25.5% can be allowed in the value of B. If this value of B results in an excessive 
value of magnetizing 1.'1.llTCnt, point X corresponding to 61 kilolines/sq. inch could 
be used. 

Likewise any other point could be selected providing other design considerations 
are satisfied, but the point A represents the optimum as regards the change of timing 
capacitance with input voltage. The point A can be found for any BH curve by suit­
able positioning of the line OY. 

It should be noted that,having decided on the position ofOY, and from this deriving 
the operating centre point, the values of B and H required for the timing capacitance 
calculation should be read from the line OY. 

l·O I·!> 2·0 2·~ l•O 
H-AMPERE TURNS PER INCH. 

FIC.12•11 
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SECTION 4: ELIMINATION OF VIBRATOR INTERFERENCE 
The methods of eliminating vibrator interference can only be stated in general terms 

and the final arrangement will depend upon the layout and characteristics of the 
particular power supply. Where the vibrator power supply is not used with a receiver 
or similar sensitive equipment, the requirements of ' hash ' elimination are less 
stringent provided that there is no danger of interference being introduced into ad­
jacent equipment. 

With sensitive receivers, particularly those covering short wave ranges, it is desirable 
to use a separate shielded chassis for the vibrator power supply as it may otherwise be 
impossible to eliminate hash at all points in the tuning range with the receiver aerial 
wrapped around the battery cable and battery, and with the receiver at maximum 
sensitivity. Such a chassis may be mounted on the main receiver chassis if desired, 
and in any case a flexible mounting (such as rubber grommets) is useful in reducing 
mechanical vibration and hum. 

When a separate chassis is used a satisfactory method of construction is to have all 
hot components, vibrator, vibrator transformer and timing capacitors, in a shielded 
compartment with the leads from this compartment-normally either two or three­
by-passed at or near the point of exit and connected to a r-f choke immediately after 
leaving the compartment. R-F chokes are less useful on the other side of the shield. 
A common earthing point can still be used for all components by having a solder lug 
accessible from both sides of the chassis. 

It is sometimes found that better hash reduction is obtained with one or more com­
ponents earthed in isolated places. However the improved results at one frequency 
are usually at the expense of increased hash at some other frequency. If this is not 
the case, the earthing point is liable to be critical and perhaps variable from unit to 
unit, i.e. the improvement is due to cancellation of hash and not to elimination. This 
is undesirable in prototypes of equipment which is later to be mass-produced. 

R-F chokes are liable to have an appreciable field around them and layout must 
be such as to avoid iqtroducing hash from such fields into circuits which have already 
been filtered. Special types of by-pass capacitors are available with braided leads to 
reduce their r-f impedance. These can give a considerable improvement over stan­
dard types with wire pigtails. " Spark plates " are also useful. These are by-pasS­
capacitors using the chassis as one plate, a thin sheet of mica as the dielectric and a 
sheet of say brass as the " hot " plate, the assembly being held together with in­
sulated eyelets. 

Vibrator design is rarely a matter for ingenious circuits. Once the transformer 
and timing capacitors are correctly specified, layout and shielding are the most im­
portant considerations and a minimum cost circuit is usually adequate. If trouble 
is experienced from hash it is not usual for a cure to result from a mere addition of 
by-pass capacitors to a circuit which already has a normal complement. For instance 
a unit in which all outgoing leads are " hot " is more likely (assuming reasonable 
filtering) to suffer from shielding troubles than from insufficient filtering of the leads 
in question. 

A convenient method for investigating the presence or absence of interference at a 
particular point in a receiver is to use a probe of shielded wire with the end bared and 
connected through a capacitor to the aerial terminal of the receiver used with the 
vibrator unit. 

Before hash elimination from a prototype vibrator unit can be considered complete 
it is necessary to carry out the standard tests with a number of vibrator cartridges, 
some of which have been in service for long periods. Units in which hash suppression 
is only sufficient to silence the hash from new vibrator cartridges in good condition 
may give poor apparent cartridge life owing to the need for replacement as soon as 
sparking and the consequent interference occur due to slight wear. 

In Fig. 32.12 are shown the more usual arrangements and typical circuit values 
are given as a guide to the choice of suitable components. The timing capacitance is 
centre-tapped and its centre point is earthed. The two 100 ohm resistors, R1 and R2, 
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are not for hash elimination but to protect the vibrator transformer in the event of a 
timing capacitance short-circuiting. RFC1 and RFC, are low resistance r-f chokes 
made of heavy gauge wire. RFC1 prevents interference being fed back along the 
battery leads which could result in these leads radiating interference to the aerial. 
RliC, prevents interference entering the r-f section of the receiver through the heater 
wiring. RFCa. a standard receiver r-f choke, is to elimi;•ate interference frequencies 
in the plate voltage supply. The resistor R 3 is useful in eliminating the strong im­
pulse interference which usually exists, although at the expense of some battery 
current. Alternatively, two separate resistors in series may be used across the primary 
contacts, the centre point of these being earthed. 

In 12, 24 and 32 volt systems where part of the timing capacitance is usually 
placed across the primary circuit to aid starting, this capacitance has been found 
to be effective in reducing interference. This method can be used for 6 volt systems 
to reduce the interference, but if the transformer has considerable leakage inductance 
increased trouble may be experienced with spurious resonances~see Sect. 2(i). 

SECTION 5 : 12, 24 and 32 VOLT VIBRATOR SUPPLIES 

While the higher voltage of the 12, 24 and 32 volt systems has some advantages over 
the 6 volt systems, special precautions are necessary if successful vibrator operation 
is to be obtained. 

The higher voltage and consequently lower current, for the same power input, 
reduce the percentage voltage drop in the battery leads. The larger number of prim­
ary turns which are required results in an improved space factor and the centre tapping 
of the primary winding is made easier because of the larger number of layers and 
smaller wire diameter. 

Against these advantages are the disadvantages of the additional circuit arrange­
ments required for limiting the current during the starting period. Owing· to the 
higher voltages existing across the cont'icts, ionization of the air between them will 
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more readily take place. This condition is particularly serious on starting where the 
correct condition, for the vibrator have not stabilized and heavy currents may flow. 

Fig. 32.13 shows a method of overcoming this difficulty, a three position switch 
being used to introduce some resistance into the battery lead for the starting con­
dition. 

flG. 32· 13 STARTING ARRANGEMENTS roR 
24 AND 32VOLT VIBRATORS. 

Condensers across the contacts to suppress the arc are not to be recommended 
unless the minimum value that just suppresses the arc is used. By splitting the timing 
capacitance and placing part of it across the primary, arcing can be reduced. If this 
is done, consideration should be given to possible resonances with the primary 
leakage inductance due to imperfect addition of the split timing capacitance-see 
~ect. 2(i). 

We wish to give acknowledgment to P.R. Mallory and Co., Inc., for much of the 
information and some of the diagrams in this Chapter, which have been adapted from 
their publication "Fundamental Principles of Vibrator Power Supply Design." 

SECTION 6 : REFERENCES 
I. "Fundamental Principles of Vibrator Power Supply Design" P. R. Mallory and Co. 
z. "RMA Standard vibrator power transformen" REC-119 Sept. 1948 (U.S.A.). 
3. Williams, M. R. "Heavy duty vibrator type power supplies" Radio News 35.6 (June 1946) 46. 
4. Bell, D. A. "Vibrator power pack•" W.W. 54.8 (Aug. 1948) 272. 

Additional references will be found in the Supplement commencing on page 1475. 



www.pmillett.com

CHAPTER 33 

CURRENT AND VOLTAGE REGULATORS 

By R. J. RAWLINGS, Grad. 1.E.E., Associate Brit. I.R.E. 
Section Page 

1. Current Regulators 1213 
2. Voltage Regulators 1214 
3. References 1222 

SECTION 1 CURRENT REGULATORS 

(i) Barretters (ii) Negative temperature coefficient resistors ( Thermistors). 

(i) Barretters 
In a.c./d.c. receivers, the valve heaters are wired in series and connected across the 

mains supply. If the total of the heater voltages is less than the mains voltage a cur­
rent-limiting fixed resistor or a barretter is used in series with the heater circuit to 
absorb the extra voltage. 

The disadvantage of the fixed resistor is that the current variations through the 
heater circuit are greater than if the circuit consisted of valve heaters alone. 

See Chapter 35 Sect. 6 for the application of series resistors and barretters to a.c./ d .c. 
receivers. 

To maintain a constant current through the series heater circuit, with widely varying 
mains voltages, a barrener is generally employed. This consists of a hydrogen-filled 
tube containing an iron filament and has the property of nearly constant current flow 
for wide variations in voltage across it. The actual voltage limits between which 
satisfactory current regulation is obtained are stated by the manufacturers, and the 
barretters should be chosen with regard to these values. 

I I 
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VOLTS ACROSS BARRITTER FIG. 33.1 

Fig. 33.1. The characteristic of a typical barretter. 

A typical barrener characteristic is shown in Fig. 33.1 ; the portion of the curve 
within the dotted rectangle showing the useful operating voltage range and the 
tolerances on the current regulated by the barrener. 

It should be noted that the barretter is subject to a large sur;;~ current when switch­
ing on as the resistance of the valve heaters is then only about one seventh or one tenth 
of their hot (running) resistance. 

1213 
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In certain cases, a maximum total of heater voltage to be connected in series with 
the barretter is specified on the manufacturer's data sheets. This then protects the 
regulator against excessive surge currents which would shorten its life. 

Owing to the iron filament, barretters should be kept well clear of any magnetic 
field which could damage them and for this reason a magnetic screen is sometimes 
used around them. As considerable power is dissipated in the barretter, the magnetic 
shield should be perforated and good ventilation provided. The barretter should 
always be operated in a vertical position, base down. 

Occasionally it is desired to increase, by a small amount, the current controlled by 
a barretter and this may be done, within certain limits, by operating it in parallel 
with a fixed resistance. This is not normally recommended since the effectiveness 
of the barretter is reduced. It may be used fairly satisfactorily for an increase of 
current up to about IO% of the current in the barretter. 

If the barretter is required to control a current which is smaller than its current 
rating, this may be accomplished by shunting the current-regulated device by a re­
sistor to bring the total load current up to the normal barretter current. 

As with any other device, a barretter has manufacturing tolerances, but these are 
such that if a design is based on an average sample then no damage is likely to be done 
to the valves with any individual barretter. 

(ii) Negative temperature coefficient resistors (Thermistors) 
These are described in Chapter 4 Sect. 9(i)n. 

SECTION 2: VOLTAGE REGULATORS 
(i) Gaseous tube voltage regulators (ii) Valve voltage regulators. 
In cases where stability of plate voltage supply is essential, some form of voltage 

regulation must be provided to prevent changes due either to mains input or load 
current variations. 
(i) Gaseous tube voltage regulators 

The electronic voltage regulator is shown in its simplest form in Fig. 33.2. In 
this circuit a gas-filled two electrode tube is used as the voltage regulator. The 
characteristics of this tube are such that quite large variations of current through the 
tube do not greatly alter the potential drop across it. 

The circuit of Fig. 33.2 regulates the output voltage within certain interdependent 
limits of input voltage and load resistance. If the input voltage increases for constant 
load resistance or the load resistance increases for constant input voltage then in either 
case the voltage across R,, tends to increase. As ER tends to rise, the regulator tube 
takes more current and increases the voltage drop across Ri, maintaining the voltage 
ER at nearly its original value. The resistor R 1 is essential to obtain voltage regula­
tion. Furthermore, as the striking voltage of the regulator tube is higher than its 
operating voltage, R 1 is necessary to prevent excessive tube current. Table 1 gives 
values of minimum supply voltages required for starting the regulator tube, together 
with starting and operating voltages of typical tubes. 

Referring to Fig. 33.2, if E;. input voltage and I, regulator tube current, 
the following equation holds 

ER = Bin - (IL + I,) R 1 (1) 
The range of regulation or the maximum change in Bin or R L within the region of 
regulation can be determined accurately for any conditions of operation by sub­
stituting in eqn. (1) the limits of the variables Bin> I u 11, R L' The regulator tube 
must operate between the published limits of current rating. The change in one of 
the variables E,n, or R L' can be much greater than in the other and when one of these 
changes is small the approximate range of regulation can be simply obtained by 
considering either E,. or R L constant. If these conditions apply and ER is constant 
it follows by equating the partial differentiations of eqn. (1) to zero 

that 
AE,n R,Al1 

(R L constant) (2) 

(E,n constant) (3) 
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where L,E,n, L,l v L,l, are the small increments in E,,., l v 1,. The range of regu­
lation is obtained by inserting in these equations the maximum value of 61,. 

TABLE l 

Regulator Approximate Approximate Minimum 
Tube Operating Starting Supply 
Type Voltage Voltage Voltage 

OA2 (miniature) 150 160 185 
OA3 75 100 105 
OB2 (miniature) 108 115 133 
OC3 105 115 133 
OD3 150 160 185 

Operation about the midpoint of the type OD3 characteristic gives 61, (max.) 
(40 5)/2 = 17.5 mA. Consider the regulator subject to small changes in load. 
lffor example l 1 = 175 mA, from eqn. (3) the range ofregulation 6 l d l 1 17.5 /175 

10%. Equation (2) shows that a large range of regulations with variable E,n is 
obtained when R 1 is large, i.e. when a large part of E,,. appears across R 1 . 

When small load currents are required and variations in E,n and R 1 are small, 
satisfactory regulation can be obtained by operating the regulator tube at low average 
current. 

Regulation is frequently desired when R 1 varies over the very large range from no 
load to full load. In this case R 1 is adjusted so that at no load the maximum tube 
clll'rent at maximum input voltage does not exceed the t9be's rating, i.e., 40 mA for 
type OD3. Load voltage regulation is then obtained from zero load current to nearly 
35 mA if changes in E,,. are small. 

The tube voltage of types OD3, OC3 can change over their operating range by 
approximately 3% and this represents their limit of regulation under wide range 
conditions. 

If higher regulated voltages are required two or more tubes can be connected in 
series as in Fig. 33.3. Additional stabilized voltages may be taken off the individual 
tubes as shown. Tapping points may be provided on R 12 to give lower voltages, 
however if the load varies, good regulation will be obtained only if the clll'rent drawn 
from the tapping point is very small compared with the current through R 12• Grid 
bias supplies for class A amplifiers may be effectively stabilized by the circuit of 
Fig. 33.2 with tappings as required-see chapter 13 Sect. IO(ii). 

The use of gaseous regulator tubes in parallel is not to be recommended as resistors 
must be put in series with each tube so that all tubes will start and share current 
equally. These resistors impair voltage regulation. Therefore when large currents 
have to be handled, grid controlled valve voltage regulators must be used. 

l/NREGl/LATEO 
O.C. INPUT 
VOLTAGE 

t + REGULATED 
R1. E• O.C.OUTPUT i -VOLTAGE 

FIG. 33,2 

Fig. 33.2. Simplest form of gaseous 
tube voltage regulator. 

(ii) Valve voltage regulators 

Fig. 33.3. Higher regulated voltage 
provided by two gaseous tubes in series. 

A typical valve voltage regulator is shown in Fig. 33.4. The valve V1 acts as a 
variable resistance whose value is varied by a change in bias. When the output voltage 
tends to decrease, the grid voltage of V 2 becomes less positive. As the cathode voltage 
of V2 is kept constant with respect to earth by the gaseous voltage regulator tube V., 
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and positive with respect to the grid, the fall in the positive value of the grid will in­
crease the neptive bias on the valve, and I• will decrease. This decrease of plate 
current will cause an increase in the voltage at the plate of V 1• The plate of V • being 
directly connected to the grid of Vi will cause a drop in the negative bias on Vi and 
the plate-cathode voltage will decrease, tending to restore the original voltage drop 
across En. 

The complete mathematical analysis of voltage regulator performance is fairly 
complex and for detailed information reference should be made to the bibliography 
at the end of this chapter. 

For practical purposes of voltage regulator design, the following method may be 
used. 

Fig. 33.4. A typical valve voltage 
regulator. 
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Referring again to Fig. 33.4. If constant output voltage is to be maintained across 
the load, the valve Vi must be capable of adjusting its voltage drop to compensate for 
voltage inout changes. A similar condition exists if the input voltage is constant and 
variable output voltage is" required. The valve has therefore to satisfy conditions 
ar four points as set out in Table 2. 

TABLE 2 

Valve Vi 
Point Output 

Plate Voltage Plate Current 

I Maximum Voltage Supply Voltage I Maximum IL l 

Maximum IL Maximum Output I 
Voltage 

2 Maximum Voltage Supply Voltage j Minimum IL 
Minimum IL Maximum Output 

Voltage 
3 Minimum Voltage Supply Voltage Maximum IL 

Maximum IL Minimum Output 
Voltage 

4 Minimum Voltage Supply Voltage Minimum IL 
Minimum IL Minimum Output 

Voltage 

Each of these four points has its particular limitations as regards the operation of 
the valve to maintain the correct operating conditions without exceeding the maximum 
ratings. Reference should be made to Fig. 33.5 in which these four points are plotted 
for a triode-connected type 807 valve. 

Point l-this point must be kept in the negative grid-bias region of the curve and 
a bias of not less than - 3 volts may be taken as the design minimum. This point 
must also be kept below the maximum plate or screen dissipation curve (whichever 
is first reached), and below the recommended value of current for a steady d.c. oper-
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Plate characteristics of triode-connected 807 valve to illustrate operation 
of the valve as a voltage regulator. 

ting condition. It is important that point 1 be kept above a certain minimwn value of 
plate voltage if linear characteristics are to be obtained from V 1> a value of not less than 
125 volts on the plate being recommended. 

Point 2-ln order that this point should not come in the non-linear portion of the 
plate characteristics, a bleed should be arranged across the supply to limit the minimwn 
current. This also aids power supply regulation (see Chapter 30 Sect. 3). 

Point 3-This point should be kept below the maximum dissipation curve and 
below the maximum rated plate voltage for the valve being used. 

Point 4-This point should be kept above the non-linear portion of the charac­
teristics by means of a bleed as in (2) and also kept below the maximwn plate voltage 
value for the valve being used. 

The maximum recommended usable section of the valve characteristic for type 807 
is shown enclosed by ABCD in Fig. 33.5. 

While it is possible to use higher plate current values at low plate voltages than 
appear in the diagram before the plate dissipation is exceeded, this is not to be recom­
mended as reduced valve life may result. 

From the graphical construction can be seen the effect of large variations of input 
voltage to the regulator with varying output currents (i.e. poor regulation of the power 
supply). This will cause the point 2 to move along the plate voltage axis, which 
results in a reduction of the maximum variation of output voltage obtainable. When 
the power supply has good regulation and the input voltage is substantially constant, 
an output variation of ± 125 volts is obtainable about a nominal value. With a con­
stant output voltage the same tolerances may be allowed in the input voltage i.e. 
± 125 volts. In each case it is assumed that the circuit conditions are set so that the 
valve is operating at its centre point for the nominal input or output voltage. 

It will be seen from this description that a choke input power supply is advisable. 
Reference should be made to Chapter 30 Sect. 3 for further information on choke 
input power supply design. 

For minimum voltage loss across V 1 a valve with a high g,. should be used. If the 
load current required from the regulated supply is greater than that obtainable with 
one series valve, then two or more valves may be placed in parallel. 
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TABLE 3 
Valves suitable for use as series regulators. 

Valve type 

6F6-G* 
6V6-GT* 
6L6-G* 
6Y6-G* 
807* 
6AS7-G 

Current (mA) 

45 
50 
80 
80 
80 

250 

33.2 

• Screen connected to plate through 500 ohm watt resistor. 

Having now determined the operating conditions for V" the design may be extended 
to consider the operating conditions for the amplifier valve V 2• 

From the knowledge of the voltage drop in V1 required for the four operating points, 
the corresponding bias values can be determined. The voltage drop across the re­
sistor R1 is then given by the voltage drop across V 1 plus the required grid bias for V 1 • 

Having determined these voltages, the resistance R1 can be chosen to have a value 
which will give plate current values for the amplifier valve which are on the linear 
portion of its plate characteristics. 

The higher the gain of V 2, the better will be the regulation, as a smaller change in 
output will be effective in adjusting the voltage drop across V2 to correct the output 
voltage change. For this reason a pentode is recommended, the additional complica­
tion of adding a screen supply being small for the improvement obtained. 

In general, the plate voltage for V2 should be derived, through its plate load resist­
ance R1 from the input voltage to the regulator, so that even at low output voltages 
not less than the minimum voltage drop of V1 plus its grid bias voltage will exist 
across R1. The exception to this connection will be when the output voltage of the 
regulator is to be constant at a value of 200 or greater and the input voltage is to be 
varying over wide limits ; the effect of connecting R1 to the input in this case would be 
to reduce the effective gain of the valve. 

+ 
6AU6 

UNREGULATEO 
D.C. INPUT 

VOLTAGE 

OC3 

... 

,ooon. 

FIG. 33,6 

+ 

REGULATED 
O.C.OUTPIJT 

VOlTAGE 

Fig. 33.6. Simplest form 
of series valve voltage 

regulator. 

The connection of the gaseous voltage regulator tube Va also requires some con­
sideration. It has been mentioned in Sect. 2(i) that changing the current through a 
voltage regulator tube will produce a small change of voltage across it. As this tube is 
used as the reference voltage for the regulator, any change in potential across it will 
have an adverse effect upon the regulator performance. For this reason, if a constant 
output voltage regulator is being designed, the series feed resistor for this tube should 
be supplied from the output side of the regulator, the extra current drawn by this tube 
being taken into account when considering the current rating for V,. In cases where 
the regulator has to supply varying output voltages, V, may be supplied from the input 
if this is sufficiently constant ; preferably, V, should be supplied from a separate 
source. 
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CURVE 11, VARIA&I.E 1, 

-{ •25MI\ HEATER ANO O.C, INPUT VOLTAGE '°"'" -
2MA O.C. INPUT VOLTAGE ONLY 50mA 

--- 2Mn HEATER ANO O.C. INPUT VOLTAGE 50mA 

]00 - - - - .::-~ - -- - -

a ,,.~ ... 700 
0.C. INPUT VOI.TAGI: FIG, ]J. 7 

Fig. 33.7. Ope,ation characteristics of circuit Fig. 33.6-output versus input voltage. 

Circuits of typiwl voltage regulators and their performance figures are given in 
Figs. 33.6 to 33.14. 

In Fig. 33.6 is shown the simplest form of series valve voltage regulator, which, how­
ever, with the circuit components and values shown, is capable of good performance. 
The results obtained with this regulator are shown 111 Figs. 33.7 and 33.8, from which 
several points should be noted. The variation of heater voltage as well as the input 

JOI 
A1•2MA 

D.C. INPIIT 1101.TAGI • 600 

-i--... 

~r-,..._ 

u, 
0 '15 ao u 40 lO 40 10 

I.GAO CUlllllNT (1,)MA l'IG. JJ.I 

Fig. 33.8. Operation characteristics of circuit Fig. 33.6--output voltage versus load 
current. 

direct voltage, the usual practical case, results in better regulation than that obtained 
with only direct voltage changes. This is due to a slight change of plate current in 
V1 together with other minor circuit changes caused by the ,rariation of cathode 
temperature in the valves. For rapid input voltage changes the regulation charac­
teristic will be as for direct input voltage changes only since the cathode temperature 
cannot change rapidly. A value of 250 000 ohms for R1 will be found to be sufficient 
for most purposes as little increase in gain is obtained by increasing R L above this value. 

+ 
OUTPUT 

Fig. 33.9. Valve voltage regulator in 
which the screen is used to correct for 

input voltage changes. 
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Such a value will allow this resistor as well as all others to be wire wound if particularly 
stable operation is required. 

No advantage is gained in the circuit of Fig. 33.6 in stabilizing the screen supply, 
this already being supplied from a substantially constant source. However screen 
stabilization is necessary when the screen is used to correct for input direct voltage 
changes A circuit of this type is shown in Fig. 33.9 and a constant or overcorrected 
output is obtainable. 

+ 
o.c. 

INPUT 
VOLTAGE (450V App,.._J 

+ 

FIG,33.10 

Fig. 33.10. Valve wltage regulator with a controllable output voltage. 

The circuit of Fig. 33.10 is useful where a controllable output voltage is_ required 
and is suitable for output voltages from 50 to 300. Regulation characteristics for this 
regulator are shown in Figs. 33.11 and 33.12. 

301 

300 

__ ,. 
0 
a 

Fig. 33.11. Regulation 
characteristics for circuit of 
Fig. 33.IO-Output versus 

input voltage. 

~300· 
!:; 

~ 300 

i 
~299-8 

~ 

lL • SOmA R1 • 2MA 

* NOMINAL OUTPUT•JOO VOLTS 

\ 
\. I 

- .. 
C) .. .. 
~ 

- ' I 
50 !; .. .. 

~ 
..; 

h • 50mA R1 • 2MA d 

NOMINAL OUTPUT•50 VOLTS 

D.C.INPUT VOLTAGE• 450 
120 430 440 4$0 '60 470 480 490 

R,• 2MS\ 

-
0 

-NOMINAL OUTPUT• 300 VOLTS 

I 
,L 

" ,, 

I f 
so 

I 
A1 w2Mt1 0.C. lNPUT VOlTilGE • 450 

NOMINAL OUTPUT-SO VOLTS 

10 20 30 40 
49 

SO 60 

... 
i 
~ 
0 
> 

LOAD CURRENT (l,) mA FIG. 31.ll 

D.C. INPUT VOLTAuE FIG. U-il 

Fig. 33.12. Regulation 
characuristics for circuit of 
Fig. 33.IO-output voltage 

versus load current. 
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To draw a constant value of bleed current from the variable voltage supply, in 
order to prevent soaring of the output voltage on no load, some form of constant cur­
rent device must be used. Refer to explanation of points 2 and 4 under Table 2. 
A suitable circuit is shown in Fig. 33.13 in which a 6V6-GT type valve is used as a 
constant current pentode ; with plate voltages from 50 to 300 the plate current will 
only vary from 18.5 to 19.0 mA. 

+t 
D.C. INPUT 
YOlT/.GE 

(4SDV Approo) 
_o 

• 
+ 
500'\/ 

(Approx) 

OCl 

OCl 

+ 

FIG. ll.lJ 

Fig. 33.13. Valve voltage regulator rvith a controllable output voltage as Fig. 33.10 
but including constant current pentode to draw constant bleed current for varyi11t, 

output voltages. 

The condenser C1 in all circuits assists in the reduction of ripple from the regulated 
supply as the grid of V2 then obtains the full ripple voltage from the supply instead 
of the fraction determined by the values Ra, R, and R5 (Fig. 33.4). This condenser 
should have a •-1•1e not greater than that required for satisfactory ripple suppression 
as large values will cause a time lag in the operation of the output voltage control, a 
value of .01 to .1 1•F being satisfactory for most purposes. 

The need for negative voltage supplies for several of the given circuits need not 
require the addition of a separate power supply ; reference should be made to Chapter 
30 Sect. 6 which gives details of shunt diode bias supplies which would be suitable 
for this purpose. The regulator tube current in typical circuits, except Fig. 33.14, 

UNAf;GUI.ATEO 
FILTERED 

O.C. VOL 'tAGE 

C, • O•ll'F, 400V 
R• • P1otc cUff'fflt bolortcing 

P<>t••tiomotct- 16D.n,Iow 
Ra• 1:a,OOOA, 2W 
R,• •47M.n,sw 
"4 • •47'M.n ,-sw 

fl,• tapoo.n. , 2W 
R• • 68,000A, IW 
A,• IMA, •SW 
A,• Is,ooon,2w 

+ 
REGULATED SUPPLY 

VOLTAGE TOlO,IJ) 
250 VOi.TS 
0-22SmA 

R,• Output ..,,toge-control 
Pctcntiomtttr 10.00DA 

F1G. '3.14 

Fi'g. 33.14. Voltage regulator utilizing a special voltage reference tube (type 5651) to 
give extremely good voltage regulation. 
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may be adjusted to have a value of approx. 10 mA at the normal operating point of 
the regulator. 

For most applications these circuits will give adequate regulation but for details on 
compensated and the more complicated regulators reference should be made to the 
bibliography at the end of this chapter. 

The main limitation of all these regulators is the difficulty of obtaining a completely 
stable reference voltage, as gaseous voltage regulator rubes may stabilize at slightly 
different voltages when the unit is switched off and on again. This means that, 
although nearly perfect voltage regulation may be obtained, the voltage about which 
this regulation takes place is not always a constant value. 

This defect may be minimized by the use of a special voltage reference tube such as 
R.C.A. type 5651 as, for example, in the circuit <If Fig. 33.14. The unregulated 
input is approximately 375 volts at zero load curreht and 325 volts at 225 mA load 
current. The variation of output voltage is less than 0.1 volt for a variation of± 10% 
in input voltage when operated at maximum load current. When adjusted to an out­
put of 250 volts, the variation in output voltage is less than 0.2 volt over the current 
range from 0 to 225 mA. 
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SECTION l: INTRODUCTION AND SIMPLE RECEIVERS 

(i) Types of receivers (ii) Crystal sets (iii) Regenerative receivers (iv) Super­
regenerative receivers (v) Tuned radio-freijuency receivers. 

(i) Types of receivers 
Radio receivers may be divided into several categories as the following tabulation 

shows 
(a) crystal 
(b) regenerative 
(c) superregenerative 
(d) tuned-radio-frequency 
(e) superheterodyne 
(f) synchrodyne. 

(ii) Crystal sets 
The simplest type of receiver employs a crystal such as galena, plus a" catswhisker," 

for a detector. This, together with a suitable tuned circuit and a pair of headphones, 
forms a satisfactory local station receiving set. Its disadvantages are poor sensitivity 
and selectivity, together with low output. Modem developments have made avail­
able " fixed " germanium crystals which are being used satisfactorily as detectors. 
The transistor, or three element crystal, recently announced, offers the advantage of 
amplification as well as detection in the one unit. 

(iii) Regenerative receivers 
Higher sensitivity can be obtained by using a valve as a grid or plate circuit detector. 

Additional amplification can be obtained by means of reaction ; the feeding back of 
signal from plate to grid in the correct phase to aid the existing circuit gain. Oscilla­
tion will occur if too much feedback is used, hence the necessity for judicious use of 
the reaction control, particularly for speech modulated signals, which would other­
wise be rendered unintelligible. When operated near the point of oscillation, i.e. 
at maximum sensitivity, the selectivity is such that serious side-band cutting occurs 
and distortion of the a-f signal results ; this is usually the limiting factor in the amount 
of feedback that can be successfully employed. As the input circuit is coupled directly 
to the aerial, should the circuit oscillate, radiation will occur with the risk of inter­
ference to other receivers operating nearby-hence the limited use of this circuit. 
An r-f stage between the aerial and detector assists in minimizing this trouble. 

1223 
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(iv) Superregenerative receivers (Fig. 34.1) 
The superr~generative receiver is basically similar to the simpler detector with 

reaction. It, however, is adjusted to the threshold of oscillation so that an incoming 
signal will cause the circuit to oscillate. At this instant, a local " quench " 
oscillator, operating at a low radio frequency, damps out the oscillation, thus ensuring 
that the receiver is operating continuously at maximum sensitivity. The oscillator 
can be combined with the detector or it can be a separate valve. Although very 
sensitive, the superregenerative receiver has poo1 selectivity due to circuit loading. 
In addition, interference is also caused by radiation from the "quench" oscillator. 
It is' used mainly for higher frequency work where fidelity is unimportant and high 
sensitivity from simple apparatus is required. 

See also Chapter 27 Sect. I(ii)F page 1087 for further information. 

Fig. 34.I. Self quenched superregenerative 
receiver incorporating linear reflex detector. 

(v) Tuned-radio-frequency receivers (Fig. 34.2) 
The simpie recehers described above can give improved selectivity, sensitivity 

and output by the addition of radio frequency and audio frequency amplifier stages. 
Two or three r-f stages are commonly used ahead of the detector, which is usually 
of the plate detection or power-grid type. One or more a-f stages follow the detector 
depending upon the power output required. Such receivers are simple to design and 
construct for broadcast frequencies but present difficulties at higher frequencies. 
This is due to the risk of instability resulting from all the gain being achieved at the 
signal frequency. Tracking also becomes a problem as the frequency increases. 
In general, the defects of the tuned r-f receiver are variation of sensitivity and selec­
tivity with frequency over the tuning range. 

At broadcast frequencies, tne circuit simplicity and ease of alignment are the main 
advantages. 

Fig. 34.2. Typical t.r.f. receiver 
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SECTION 2 : THE SUPERHETERODYNE 
The superheterodyne receiver as illustrated in Figs. 34.3 and 34.4, has several 

important advantages over other types of receivers. In the superheterodyne circuit, 
the incoming signal frequency is changed to a lower frequency, known as the inter­
mediate frequency. The major part of the aru.plification then takes place at this 
frequency before detection in the normal manner. The typical superheterodyne 
tuner consists of several distinct sections. These are :-

(a) Preselector or r-f amplifier 
(b) 1st detector or mixer 
( c) Oscillator 
(d) I-F amplifier 
( e) 2nd detector. 

Section (a) may or may not employ one or more r-f amplifiers. Its main functions 
are to improve the signal-to-noise ratio and to provide a sufficient degree of selectivity 
to avoid " double-spotting." This latter is the term applied to the reception of one 
station transmitting on a certain definite frequency, at more than one point on the 
tuning dial. 

R•r 
AMPI.IFIER 

FIRST 
DETECTOR 

OSCILLATOR 

l•F 
AMPLIFIER 

SECONO 
OETECTOR 

Fig. 34.3. Superheterodyne receiver-block diagram. 

AUOIO 
AMPLIFIER 

FIG. 34.1 

The first detector stage receives the modulated signal from the preselector and 
also an unmodulated signal from a local oscillator. These two r-f signals are arranged 
to differ by a constant frequency by suitable design of the preselector and oscillator 
tuning circuit constants. The output of the first detector is tuned to this difference 
freq\,Jency and as a result the original signals and their sum frequency are suppressed. 

Various types of first detectors have been used, the most popular being the penta­
grid and triode hexode converters (Refer Chapter 25). The tickler-feedback oscilla­
tor is very commonly used and optimum adjustment of this circuit minimizes harmonic 
production with its attendant whistles and spurious responses. It also ensures maxi­
mum conversion conductance from the first detector circuit and optimum signal-to­
noise ratio. 

The fixed frequency amplifier, called the intermediate frequency or i-f amplifier, 
usually consists of 1 stage, i.e. a valve and two i-f transformers, input and output. 

""'"" '-"-""-"'""''"'' ill-GI .. -•HJlfff ~-•-(Ill; (.l,.,O.,,(,'U1M<.c .... _ 1•~ 

~ «ll•l'f'Oflt, l(I -fr Vffil.lN .TIC-•il -Qt:O 

Fig. 34.4. Typical dual-wave superheterodyne receiver. 



www.pmillett.com

1226 THE SUPERHETERODYNE 34.2 

In wide band and communication receivers, two or more stages are commonly used. 
The intermediate frequency in general use is 455 Kc/s. Earlier receivers used 175 
Kc/s but with the appearance of powdered iron cores and the development of high 
slope amplifier valves, the previous objection to the use of higher intermediate fre­
quencies, i.e. lower gain, was nullified. 

The higher i-f now in use considerably reduces the incidence of" double-spotting " 
i.e. the reception of the same station at two points on the receiving dial, one removed 
from the other by twice the intermediate frequency. Thus with an intermediate 
frequency of 455 Kc/s the first "double-spot" would be at 1460 Kc/s, which is 
near the upper limit of the broadcast band if this is taken as from 550 to 1600 Kc/s. 

As most of the receiver amplification occurs at the intermediate frequency, which is 
fixed in frequency, the overall gain does not change appreciably with signal tuning. 
Similarly the selectivity remains approximately constant as this is largely predeter­
mined by the i-f channel. 

From the i-f amplifier the signal passes into a second detector stage where the 
audio frequency modulation is separated from the carrier and then amplified in the 
normal manner by a conventional a-f amplifier. If, as is usual, a diode detector is 
employed, the rectified carrier provides a direct voltage which can be used for 
various control purposes. The principal use is for automatic volume control, or, more 
exactly, automatic gain control. In this circuit the negative direct voltage, which 
increases with an increase in signal, is applied through suitable decoupling networks 
to the r-f, i-f and first detector grids as required. This overcomes, to a considerable 
degree, the effect known as " fading." 

For the reception of continuous wave code signals another oscillator is necessary. 
The output from this is fed into the second detector and adjusted to give a suitable 
audio difference frequency, say 1000 c/s, when beating with the incoming code signals. 

The advantages of the superheterodyne over the tuned-radio-frequency receiver 
are:-

(a) more uniform sensitivity and selectivity over the tuning range, 
(b) stability is greater, as the major part of the amplification takes place at a 

low radio frequency, 
(c) the i-f amplifier can be designed for minimum sideband cutting, while pre­

serving reasonable gain, 
( d) greater selectivity. 

It should be noted that the superheterodyne contains more tuned circuits than the 
r.r .f. receiver, but fewer tuned circuits are continuously variable. 

See References (B). 

SECTION 3 : THE SYNCHRODYNE 

A newer type of receiver is the " synchrodyne " (Fig. 34.5). In this design, selec­
tivity is obtained without resort to tuned circuits or band-pass filters. The block 
diagram of Fig. 34.5 will facilitate the understanding of the operation of this circuit 
which requires no tuning circuits other fhan that of the oscillator. Here, the desired 
incoming modulated signal is heterodyned with a local unmodulated signal of the same 
carrier flequency. The output from the detector, consisting of the required modula­
tion plus unwanted higher frequency components from stations operating on adjacent 
channels, is then fed to an a-f amplifier through a low-pass filter. 

This simple filter can readily be designed to cut off sharply at any requisite point 
whereas the usual superheterodyne band-pass filters require many elements and 
generally reduce the response at a considerably lower frequency than that desirable 
for optimum results. 



www.pmillett.com

34.3 THE SYNCHRODYNE 
IF REQUIRED 
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Fig. 34.5. Synchrodyne receiver-block diagram. 

AUDIO 
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FIG, 34,5 
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The selectivity of the synchrodyne depends upon the oscillator circuit and a re­
striction of the frequency band there does not affect the a-f response. 

To avoid beats in the output signal the local oscllator must be synchronized or 
"locked" with the wanted carrier. One advantage of this receiver is that it is either 
correctly tuned or not tuned at alL Distorted output due to mistuning is thus im­
possible. The only effect of altering the oscillator tuning within the synchronizing 
range is to change the volume level. 

If necessary, a broad-band r-f amplifier can precede the detector to avoid strong 
stations overloading the receiver. As in the typical superhet, a.v c. voltage derived 
from the detector output can be used for gain control. 

The main disadvantage of this receiver is that loud heterodyne whistles are heard 
when tuning in a station. This defect can be readily overcome by the use of push­
button tuning, and hence the synchrodyne is likely to be most popular for high­
quality local-station reception. 

See References (C). 

SECTION 4 : REFERENCES 
(A) GENERAL 

Van Dyck, A., and D. E, Foster, "Characteristics of American Broadcast receivers as related to the 
power and frequency of transmitters" Proc. l.R.E. 25.4 (April 1937) 387. 
Foster, D. E. "Receiver characteristics of special significance to broadcasters " Comm. 19.5 (May 
1939) 9. 
Dean, C. E. "Receiving Systems " Chapter 17 of" Radio Engineering Handbook " by K. Henney 
(McGraw-Hill Book Co. Inc. N.Y. 4th ed. 1950). 
Jordon, E. C. and others (book)" Fundamentals of Radio" (Prentice-Hall, Inc. N.Y. 1943) Chapter 
13. 

(B) SUPERREGENERATIVE RECEIVERS 
Riebmsn, L. "Theory of the superregenerative amplifier" Proc. I.R.E. 37.1 (Jan. 1949) 29. 
Cathode Ray "Super-regenecative receivers" W.W. 52.6 (June 1946) 182. 
Fox, L. S. "Super-regeneration-its theory of operation" Q.S.T. (Dec. 1943) 17. 
Grimes, D., and W. S, Barden, "Super-regeneration and its application to high frequency recep­
tion " Report, R.C.A. Laboratories Industry Service Division. 
Russell, 0. J. "Super regeneration" W.W. 50.12 (Dec. 1944) 361 (good bibliography). 
Easton, A. "Superregenerative detector selectivity" Elect. 19.3 (Mar. 1946) 154. 
Riebman, L. "Theory of the superregenerative amplifier" Proc. I.R.E. 37.1 (Jan. 1949) 29. 
Hazeltine, A., D. Richman and B. D. Loughlin "Superregenerator design " Elect. 21.9 (Sept. 
1948) 99. 
Bradley, W. E. "Superregenerative detection theory" Elect. 21.9 (Sept. 1948) 96. 
Stockman, H. "Superregenerative circuit applications" Elect. 21.2 (Feb. 1948) Bl. 
Tapp> C. E. "The Application of super-regeneration to frequency-modulation receiver design" 
Proc. I.R.E. (Aust.) 8.4 (April 1947) 4. 
Whitehead, J. R. (book) " Super-Regenerative Receivers " (Cambridge University Press, London 
and U.S.A. 1950). 

(C) SYNCHRODYNE RECEIVERS 
Tucker, D. G. "The Synchrodyne-a new. type of radio receiver for A.M. Signals," Electronic 
Eng. 19.229 (March 1947) 75. 
Tucker, D. G. "The design of a synchrodyne receiver n Electronic Eng. Part I-Design Principles 
19.234 (Aug. 1947) 241 ; Part 2-Some suitable designs 19.235 (Sept. 1947) 276. 
Tucker, D. G. "The Synchrodyne--further notes," Electronic Eng. 19.237 (Nov. 1947) 366. 
The Synchrodyne-correspondence; Electronic Eng. 19.233 (July 1947) ; 19.237 (Nov. 1947) 368. 
Tucker, D. G., and J. Garlick, "The synchrodyne: refinements and extensions," Electronic Eng. 
20.240 (Feb. 1948) 49. 
Burnup, J.E. (letter) "The synchrodyne" (simpler oscillator) Electronic Eng. 20.240 (Feb. 1948) 
63. Correction April I 948 p. 132. 
Langberg, E. "The Synchrodyne" (letter) Electronic Eng. 20.242 (April 1948) 132. 
"Cathode Ray" "The synchrodyne" W.W. 54.8 (Aug. 1948) 277. 

Additional references will be found in the Supplement commencing on page 1475. 



www.pmillett.com

CHAPTER 35 
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The design of A-M receivers as discussed in this chapter is taken as design for 
quantity production, since it is normally only under these conditions that a signal 
generator, a wave analyzer, a low-distortion beat frequency oscillator and suitable 
valve voltmeter and other meters are available. 

The design of the individual stages in a receiver has been covered in the earlier 
chapters of this Handbook. It is assumed here that the receiver designer has already 
studied these earlier chapters or has equivalent knowledge. The present chapter 
covers the design procedure and certain general features which affect more than a 
single stage. 

The first stage in -a design is the drawing of the circuit of the receiver. This state­
ment contrasts with the views of those who believe the circuit to be the last stage, 
but whereas most engineers can readily draw a usable circuit for any normal type 
of receiver, there are few conscientious engineers who could build such a receiver and 
not find that after alignment and adjustment they did not wish to make some modi­
fications to remove faults or to improve the performance in some way. Accordingly 
the circuit is the first stage, modifications to layout and perhaps to the circuit as a 
result of measurements and operating tests are the second stage, the measurement of 
all performance figures and checking of all ratings and tolerances the third stage and 
the making of a final sample the last stage. 

The fact that after the final sample is finished it frequently becomes necessary to 
revert to stage two again, should not be taken as a reflection on the design engineer 
but rather.as an illustration that there is far more to a receiver than the circuit (Ref. 29). 
What are (apparently) minor changes in layout may introduce unforeseen difficulties 
with, say, the symmetry of the i-f amplifier, a tendency to instability due to feedback 
from the i-f amplifier to the aerial terminal or any one of a dozen other possible sources 
of trouble. 

In a good design preliminary calculation will have been carried far enough to ensure 
that the circuit as first drawn will be such as to allow the specifications to be met with 
a minimum of components and the model will have been built with an adequate know­
edge of the practical troubles likely to be encountered so that they may be a minimum. 

1228 
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SECTION l: SPECIFICATIONS AND REQUIREMENTS 

The designer of a commercial radio receiver has in general three sets of specifications 
to meet. Firstly there are the specifications of the relevant authorities in the countries 
concerned. 

Secondly a brief technical specification is usually supplied to the designer. This 
will include the more obvious electrical features of a receiver such as 

1. Power supply details; a.c., a.c./d.c., accumulator or dty battery, with the re-
quired range of operating voltages in the first two cases. 

2. Frequency coverage of various wave ranges, including any bandspread ranges. 
3. Sensitivity at three points on each wave range covered. 
4. Noise ratio, usually at one input only, say 5 µ.V. 
5. 1-F selectivity for an attenuation of 2 times, 10 times, and 1000 times, and perhaps 

figures for similar conditions on the broadcast band. 
6. Image ratio at three points on each wave range covered. 
7. Battery consumption for battery receivers and perhaps power consumption for 

a.c. receivers. 
Thirdly, there is usually a large number of requirements which are unwritten and 

taken for granted as being part of a good design, but which are all-important from 
the point of view of the ultimate buyer and user of the receiver. These requirements 
include such details as 

8. Suitable a.v.c. and noise performance of the receive1, as discussed later in this 
chapter. 

9. A-F fidelity, including the response of the loudspeaker as mounted in the cabinet. 
10. A satisfactory tuning response, i.e., a minimum of unpleasant effects as the re­

ceiver is tuned to a strong or weak station or even when tuned between stations. 
11. An absence of objectionable hum under all conditions, such as, for instance, with 

a strong unmodulated carrier tuned in and the volume control well advanced .. 
12. A low volume level when the volume control has been turned to its minimum 

position. 
13. An absence of microphonic effects under normal conditions of use. 
14. An absence of unnecessarily objectionable effects when the volume control is 

turned up to or past the a-f overload point. 
15. A satisfactorily low heat rise in the power transformer and other components 

after long periods of continuous operation, and operation of all components 
within their maximum ratings under all conditions. 

16. Satisfactory performance from battery operated receivers even when the battery 
voltage under load has fallen by at least one-third of the original voltage. 

SECTION 3 : GENERAL DESIGN 

(i) A.V.C. and noise (ii) Audio-frequency response (iii) Hum (iv) Microphony 
(v) Instability (vi) The local oscillator (vii) Cabinet design (viii) Ratings (ix) Field 
testing. 

(i) A.V.C. and noise 
(A) Noise measurements as such can conveniently be made by the e.n.s.i. method 

as described in Chapter 37; however a.v.c. and noise are grouped together in this 
section as they are plotted on the same a.v.c. curve, around which a large part of the 
design of a receiver may take place. Suell curves are preferably taken by Scroggie's 
method (Ref. 50) as described in Chapter 27 Sect. 3(xiv) ; Fig. 35.1 shows typical 
curves which might have been taken during the development of a receiver. 
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Before the curves are studied in detail it is proposed to discuss briefly the way in 
which overall receiver noise may vary with the application of a.v.c. bias to different 
valves in a receiver. Shot noise is generated essentially in the plate circuit of a valve. 
The expression connecting noise current in the anode circuit, and direct anode current 
is 

I ft Avf:iiii (1) 
where In noise component of anode current, 

Id direct anode current 
AF bandwidth 

and A a factor which varies with different valve types, triodes having the lowest 
values, and converters or mixers the highest. 

Since the multiplication by g .. of the signal at the grid of a valve gives the plate 
current due to the signal, so the division of a plate current component by g,,. gives the 
magnitude of an equivalent signal at the grid. Thus the equivalent shot noise at the 
grid is 

Eo., = A~ (2) 

from which it can be seen that for an equivalent valve type the lower the ratio of 
~ to g,,. the lower will be the shot noise of the valve. 

It will be found with remote cut-off valves that as the grid bias is increased above 
the value used to obtain maximum gain the shot noise is also progressively increased. 
A convenient demonstration of this can be found in Fig. 27.39 which gives characteris­
tics of the 6SK7, a type frequently used as a r-f amplifier. With 5 volts bias the 
numerical value of the factor -,,/T;;g .. is 1.6 whilst with 10 volts bias the value is 3.5. 
Thus the shot noise of the valve has more than doubled when the bias is increased 
from 5 to 10 volts. 

In addition, the gain of the stage is of course also decreased, and if the following 
stage is contributing to the total noise of the receiver it will add a larger amount to the 
total equivalent noise as increased negative bias is applied. This is because the noise 
voltage of the second stage is divided by the gain of the first stage to refer it to the 
grid of the first valve. 

It is worth noting that, if noise calculations are carried out in terms of noise re­
sistance, then the noise resistance of the second stage will be divided by the square 
of the voltage gain when being ~,t.;erred to the first stage. This follows from eqn. (2) 
in Chapter 23 Sect. 6 which expresses thermal agitation as a voltage en in series with 
a resistor R where 

e,,' = 4KTAFR. 
Thus as noise voltages are directly multiplied, or divided, by stage gains, noise re­
sistances must be multiplied, or divided, by the square of the stage gain to give the 
same result. 

With an ideal receiver a ten times increase of signal input would give a ten times 
increase of signal-to-noise ratio. In addition the output of the receiver would be 
unchanged (because of the ideal a.v.c. curve) so that the gain of the receiver must 
decrease ten times and the noise must also decrease ten times. This could be accom­
plished by decreasing the a-f gain ten times, or by decreasing the gain of any stage 
which made no contribution to the equivalent noise at the first grid. Such a stage 
would be one with a large amount of gain between its own grid and the grid of the 
first stage. If however the gain of the input stllge were decreased by a.v.c. bias, even 
in conjunction with a reduction in gain of other stages, then the noise of the input 
stage could increase and the improvement in signal to noise ratio be less than the maxi­
mum possible. 

This applies particularly when the input valve is a converter. From Fig. 23.20 
it will be seen that the noise resistance of a 6SA7 is 240 000 ohms whereas the im­
pedance of an aerial coil secondary of 200 microhenries and with an effective Q of 50 
is approximately 60 000 ohms when resonated at 1000 Kc/s. With such an input 
valve and coil, receiver noise would be determined by the input valve noise alone-
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see Chapter 23 Sect. 6(iv) for method of adding noise volt<.ges-so that any increase 
in valve noise would decrease the signal-to-noise ratio. 

However if the input valve were a 6SK7 r-f amplifier its noise resistance of 11 000 
ohms would be appreciably less than the tuned circuit impedance (at 1000 Kc/s) and 
an increase in valve noise resistance of 14 db due to a.v.c. application would make less 
than 3 db difference to the receiver's signal-to-noise ratio. At the low frequency end 
of the band the tuned circuit impedance would be only about 30 000 ohms and a 
correspondingly smaller increase in valve noise resistance would be permissible. 

On the short wave band, where tuned circuit impedances are of the order of 5000 
ohms in the middle of the tuning range, noise from valves must always be considered. 

Thus from the point of view of signal-to-noise ratio, the best point of a.v.c. applica­
tion is the last i-fvalve. However with a.v.c. applied to the last i-fvalve alone, severe 
overloading of this valve would occur with quite small inputs. The result therefore 
must be a compromise and a solution is to delay the application of a.v.c. to the first 
stage of a receiver until the desired signal-to-noise ratio has been achieved for the 
smallest possible input, and to apply as much a.v.c. as possible to the stage as the input 
increases above this point. 

The importance of this is not always realized, but money and time spent on im­
proving aerial coils to obtain chiefly a good signal-to-noise ratio at, say, 5 µV input, 
can be largely wasted by poor a.v.c. circuit design which at larger inputs wastes the 
advantage gained. Consider two receivers, A and B. A has a good aerial coil giving 
a 1000 Kc/s signal-to-noise ratio of 15 db at 5 µV input and its a.v.c. characteristic 
is such that a 20 db increase in input gives a 14 db increase in signal-to-noise ratio. 
B has a poorer input circuit giving a 9 db signal-to-noise ratio at 5 µV and an a.v.c. 
characteristic giving 19 db increase in signal-to-noise ratio for each 20 db increase 
in input. The signal-to-noise ratios of the two receivers for various inputs are tabu­
lated below. 

SIGNAL TO NOISE RATIO (db) 

Input (µ.V) 

I 
Receiver A Receiver B 

5 
I 

15 9 
50 29 28 

500 ! 43 47 
1000 47 53 

It will be seen that although the noise ratio of A is twice as good (6 db differer.ce) 
as that of Bat 5 µV, yet for an input of 1000 µ.VB is rwice as good as A. Far more 
use is made.of a receiver with inputs above 80 µ.V-where Bis superior-than with 
inputs below 80 µ.V where A is superior. In receivers with average a-f characteristics 
the signal-to-noise ratio cannot be ignored until it is in excess of 40, and preferably 
45 db. 

A typical a.v.c. design problem is illustrated in Fig. 35.1 where curves Al and Bl 
represent the output of a receiver with an input modulated 30% at 400 c/s, and curves 
A2 and B2 represent the noise output with unmodulated input. 

Curves Al and A2 could be taken on a receiver with high i-f gain, low a-f gain and 
with a.v.c. obtained from the primary of the 2nd i-f transformer and applied to the 
converter and i-f amplifier without any delay. The curves show the following faults 
in the receiver. 

(a) The sensitivity of the receiver (for 50 mW output) could readily be improved. 
As the output is 6 db below 50 mW for 1 fL V input, it could be increased to 50 mW by 
doubling the input, if t4e effects of noise were neglected. As some of the output 
from the 1 µ V input is noise, somewhat more than 2 fL V input would be needed, but 
the existing sensitivity of the receiver ( 6.5 µ V) could at least be doubled. 

(b) An output of even rwo watts cannot be obtained from the receiver for a 30% 
modulated signal less than 1000 µ. V. Although all normal signals have a maximum 
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Fig. 35.1. A. V.C. and wise characteristics. 

modulation depth greater than this, experience shows that if the impression of in­
sufficient output on a weak signal is to be avoided, a receiver should deliver its full 
a-f output from a 30% modulated signal. 

( c) The signal-to-noise ratio of the receiver could be improved at any input between 
5 µ.V and 1000 µ.V with the greatest improvement at the higher inputs. 

Faults (a) and (b) could be removed by increased a-f gain, perhaps by reduction 
of negative feedback, or by substituting a pentode a-f amplifier for a triode. For 
instance the curve Al shows that with another 6 db of a-f gain the receiver would have 
a sensitivity of 1 µ.V and would give a power output of 2 watts with 80 µ.V input. 
A-F gain is specified since additional i-f gain would alter the a.v.c. characteristic. 

However a different modification to the receiver \.ould simultaneously correct 
faults (a) (b) and (c). Fault (c) is due to the fact that at all inputs above l µ.V, a.v.c. 
is applied to input valve of the receiver. This is known because the rate of increase 
of signal-to-noise ratio is appreciably worse than the ideal. Accordingly an obvious 
remedy is to use ddayed a.v.c.,and with the object of obtaining the maximum possible 
signal-to-noise ratio up to 100 µ.V, the delay might be removed at this figure, with 
results as shown in Bl and B2. From these curves the following information is. 
obtained. 

(a) The sensitivity of the receiver (for 50 mW output) is now slightly better than 
3 µ.V. 

(b) An input of 20 µ.V will give an output of 2 watts. 
(c) The noise ratios of the receiver before and after modification are as tabulated 

below. 
SIGNAL-TO-NOISE RATIO (db) 

Input µ. V I Original receiver Modified receiver 

5 9 10 
10 14 15½ 
10• 29 34½ 
103 43 

Correction of the three previous faults has however introduced other troubles. 
(d) Although the a.v.c. characteristic of the receiver is now fiat within ± 2db for 

inputs varying between 100 and mo 000 µ. V, severe modulation rise occurs with inputs 
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of the order of I volt. This is because the much larger signal at the plate of the last 
i -f valve (3 times larger with 0.1 volt input) is causing overloading. 

(e) With any input from 100 ,.,.v upwards, the a-f system will be severely over­
loaded if the volume control is turned to maximum. In -:,ther words the useful range 
of the control is decreased and the receiver will behave unpleasantly if carelessly 
handled. 

Depending on the amount of design time and component expenditure which can be 
afforded, a compromise between the various faults might take the form of 

(a) No delay to the a.v.c. and only a fraction (say one half) of the develope.d a.v.c. 
voltage applied to the controlled grids. This would allow curve Al to rise more 
rapidly, and would minimize the increase in noise in the first valve with a.v.c. applica­
tion. 

(b) A smaller amount of delay than that used for curve Bl. An appropriate 
amount would allow the receiver output to reach its maximum just as the delay dis­
appeared. This would give maximum possible signal-to-noise ratio up to about 30 
,.,.v only. 

(c) A better solution might be to use a fraction of simple a.v.c. on the i-f valve and 
full delayed a.v.c. on the first valve. By this means the signal-to-noise ratio could 
increase at the maximum rate until say 500 ,.,.v input, without the maximum output 
rising excessively, and for larger inputs the first valve could be heavily controlled. 

For further information which can be obtained from curves such as those shown 
in Fig. 35.l see Chapter 27 Sect. 3. 

(B) Miscellaneous matters 
1. Consideration of a typical a.v.c. curve will show that it is quite possible to have 

too much a-f gain (Refs. 26, 31) or too much i-f gain in a normal receiver. Too much 
a-f gain will merely move the whole a.v.c. curve upwards, and after full output from 
a receiver can be obtained for some reasonably small input, any further increase in 
a-f gain will allow severe overloading to occur with the volume control at maximum, 
and increase any hum troubles. 

On the other hand as i-f gain is increased, so developed a.v.c. voltages are increased 
and an extremely sensitive i-f channel could develop sufficient a.v.c to bias the valves 
back appreciably for l ,.,.v input. As a result the signal handling capabilities of the 
valves would be seriously reduced at large inputs due to their having unnecessarily 
high bias. 

It is even possible to have too much r-f gain, at least on a particular band. If the 
gain of a r-f stage is 50 on the broadcast band, and 10 at the low frequency end of the 
short wave band, then the a.v.c. curves for the two bands can only be a compromise, 
and if there is sufficient sensitivity on the short wave band, excessive a.v.c. voltages 
will be developed with large inputs on the broadcast band, leading to i-f overloading. 

A convenient method of reducing broadcast band r-f gain is to tune the high im­
pedance r-f transformer primary to a very low frequency by using an additional 
capacitance, say 80 ,.,.,.,.F, across a 4 mH primary. This method has the advantage of 
reducing the pulling of the primary on the tuned secondary circuit which may mini­
mize tracking problems. Also it needs no additional switching as the wave ranges are 
changed. 

2. Mention has previously been made of the necessity for having a suitable time 
constanc for the a.v.c. system [Chapter 27 Sect. 3(xii)]. One type of distortion which 
can be very distressing is caused by a time constant v-hich is too small. Under these 
conditions the potential on the a.v.c. line follows the a-f modulation on the diode 
load, although because the filter used is a resistance capacitance type, only low fre­
quencies are present and the lower the frequency the Jess the attenuation by the a.v.c. 
filter. As a result the i-f gain of the receiver is varied at an a-f rate and while the 
effect on a single low frequency is to reduce its amplitude, the effect on a musical 
programme is to modulate the whole a-f output with its lower frequency components. 
The resulting reproduction sounds very rough, brokeu up and unpleasant. A time 
constant of 0.1 second must be regarded as a minimum if this effect is to be a"oided 
and larger values are preferable. 
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3. Unpleasant tuning effects are usually due to the a-f frequency characteristics 
of a receiver, the a.v.c. system or a combination of the two (assuming that the receiver 
is stable under all conditions). So far as the a.v.c. is concerned it can be appreciated 
that with the a.v.c. voltage derived from the signal diode it is quite possible to over­
load the first valve in a receiver while a strong station is being tuned in. Signals of 
0.5 volt are quite frequently met, and as a receiver having a resonant aerial coil gain 
of 10 is tuned towards such a station the signal voltage on the grid of the first valve 
where the selectivity is very poor compared with the selectivity of the i-f channel 
might reach 4 volts before any appreciable a.v.c. voltage is developed. Since the 
first valve might be operating with only 3, or even 2, volts of standing bias severe 
overloading and distonion would occur, although with the receiver tuned in correctly 
the valve would probably receive enough bias to allow it to handle the signal without 
distortion. To minimize this trouble a.v.c. is best developed from a less selective 
source, the primary of the last i-f transformer, even at the expense of another few 
components. Some advantage in smoothness of tuning is obtained on all stations, 
apart from extreme cases such as mentioned above, since whenever the receiver is 
detuned from a station, a larger a.v.c. voltage is obtainable from the less selective 
source, so that the volume of sound distorted by the mistuning of the receiver is re­
duced. 

4. Although the ideal often aimed at is a flat a.v.c. curve, it must be realised that too 
close an approach to such an ideal has disadvantages, and is in fact undesirable for 
a normal A-M commercial receiver. Many receivers are used in situations with high 
noise levels, although in most cases the noise is of lower amplitude than the local 
stations. Under these conditions an a.v.c. curve flat from say 10 µ.V to 1 volt input 
will be responsible for the receiver making far more noise than is necessary when being 
tuned bet:1een stations. 

For the purpose of providing minimum noise between stations, an a.v .c. curve would 
be designed to be reasonably flat over the range of inputs covering most of the local 
stations, and at lower inputs would decrease as rapidly as possible. Of course the 
minimum tuning noise requirement for an a.v.c. curve is not the only one, or even 
the main one, but it should not be overlooked. 

It will be found that the flattest a.v.c. curve that is desirable is one which rises per­
haps 20 db between I µ. V and say 250 µ. V input and increases between 250 µ. V and the 
maximum input at the rate of 2 or 3 db for each IO times increase in input. The 
noise and static heard on stations below 250 µ.V give the illusion of a curve much 
flatter than is actually the case. 

(ii) Audio-frequency response 
(A) The design of the a-fend of a radio receiver is of particular importance, as its 

' tone ' is the one feature of a receiver's performance which is continually evident to 
the user. In spite of flat-frequency-response ideals, the object to be aimed at is 
always to provide pleasing performance, and consideration of the intended use of a 
receiver is necessary before it can be known what constitutes pleasing performance. 

For the majority of its working life an A-M broadcast receiver provides background 
music for people whose main attention is concentrated on something else, and the 
chief purpose of a receiver is consequently to sound pleasant under all conditions. 

As a secondary requirement, the frequency range of the receiver should be as great 
as possible, so long as this does not introduce any undesirable effects. For instance 
a restricted frequency range is preferable to an extended one with added distortion. 

If a receiver were designed V1rith a very flat frequency response the listener's reaction 
would probably be that it was lacking in bass. This is readily explainable from the 
effects of scale distortion as discussed in Chapter 14 Sect. 8, and the designer's first 
modification to the response of the a-fend of a receiver is to increase the bass. This 
can be done in three ways ; an increase which is not affected by any of the receiver's 
controls; an increase which can be altered by means of a tone control; and an in­
crease which is dependent on the setting of the volume control so that at maximum 
volume there is little or no bass boost. A circuit of the last rype is shown in Fig. 35.2, 
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or negative feedback can be used as in Fig. 35.3. In each case the values of com­
ponents shown are typical, but final sizes are governed by the acoustical qualities of 
the cabinet and loudspeaker, and the response of the remainder of the receiver. See 
also Chapter 15 Sects. 3 and IO. 

There is a limit both in frequency and amplitude to the 
amount of bass boosting that can be used. Considering 
frequency first, if the response is too high in the region of 
150 c/s, reproduction becomes boomy and is very annoying 
to listen to for a period of time. Even worse is excessive 
gain at frequencies lower than the bass resonant frequency 
of the loudspeaker. These frequencies cannot be repro­
duced as fundamentals and any output is due to fre:i,uency 
doubling. 

In addition the primary impedance of the output trans­
former falls to such a low value, due to insufficient primary 

FIG. 3S.2 

inductance in a normal cheap transformer, that the output ..,. ..-
valve can only provide a small fraction of its mid-frequency Fig. 35.2. Bass 
undistorted output before distortion becomes serious at boost varied ww, 
frequencies appreciably below 100 c/s. volume control set-

Even if these objections are overcome it is found that a ting. 
good response below 50 c/s in the great majority of radio receivers is a liability rather 
than an asset, as hum, turntable rumble, wow and extraneous noises from broadcasting 
stations become objectionable. Within the receiver itself microphonic and hum 
troubles are increased. 

From the aspect of the amplitude of the bass boost it must be remembered that a 
receiver, with say 4 watts maximum undistorted output and a 12 db bass boost at 
some frequency below 100 c/s wm overload very readily at the bass boost frequency. 
Assuming power output at low frequencies equal to that at mid-frequencies [which 
is certainly not the case in an average radio receiver owing to the reduced load im­
pedance and the elliptical load line of the output valve (see Chapter 2 Sect. 4)1 then 
an input which will give 300 milliwatts of output at the mid-frequency will overload 
the amplifier at the bass boost frequency. Although the overloading is due to low 
frequency excitation, intermodulation products will occur throughout the a-f spectrum 
when music is being reproduced. 

On the other hand excessive high frequency response can also have undesirable 
effects. The frequency range from 2500 c/s to 3500 c/s is very unpleasant if over-

Fig. 35.3. A-F end of receiver with compensated negative feedback and feedback tone 
control. 
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accentuated, and where higher frequencies are to be emphasized it is essential that 
distortion throughout the system be kept to a minimum (Ref. 32). 

Particular care must be paid to the tuning characteristics of the receiver if the a-f 
response is to be extended above 5000 c/s. When listening to a correctly tuned station 
the selectivity of the receiver normally limits the high frequency input to the a-fend, 
but during tuning both distortion and emphasis of high frequencies occur, and these 
effects are exaggerated with an extended high frequency response. 

Since in a normal superheterodyne receiver the selectivity is such as to give an 
attenuation of 6 db at about 3500 c/s and 20 db at about 7500 c/s, it is obvious that the 
upper end of an a-fresponse which is flat to 7500 c/s is useless. If any serious attempt 
is to be made to reproduce frequencies above 5000 c/s the first step to be taken is to 
broaden the i-f amplifier-Chapter 11 Sect. 3(iii). 

It was mentioned above that under conditions of reasonably extended a-f response 
the distortion throughout the system must be kept to a minimum. The system, of 
course, can include a recording, a pick-up, and a transmitter, in addition to the re­
ceiver, and as only one link in the chain needs to cut the high frequencies from the 
reproduction-or add distortion--to make extended high frequency response in the 
receiver either useless or a liability, it is seldom that it is desirable to extend the res­
ponse of the a-f end of a typical radio receiver beyond about 5000 c/s. 

(B) It sometimes becomes necessary to design the frequency response of a receiver 
to do more than provide the most pleasing tone. For instance, in small battery re­
ceivers the a-f output is always restricted because of the small output valve used and 
the need to economize on battery current, and it is usually desirable to modify the 
frequency response to make the most of the output that is available. This can be 
done by providing a comparatively high level between 1000 c/s and 2500 c/s com­
pared with the 400 c/s output. This emphasis should not of course be carried to 
the stage of making the receiver sound unpleasant either when playing normally, or 
when overloaded, as receivers with small output are often operated in this latter 
condition. 

(C) In addition, the frequency and damping of the loudspeaker low frequency 
resonance and the frequency and prominence of the high frequency resonance can 
have a considerable effect on the apparent maximum output when no electrical fre­
quency compensation is used. If the low frequency resonance is too heavily damped, 
there will be loss of bass response. In mantel battery-operated receivers the damping 
is often reduced to the minimum by the use of a power pentode either without feed­
back or with negative current feedback (e.g. Fig. 35.4). In the latter case there will 
also be reduction of distortion. Care should be taken when using this circuit that 
the high frequency response does not extend to frequencies where it is undesirable. 
A suitable value of resistance for R would be 0.1 or 0.2 ohm (depending on the 
gain of the a-f amplifier) so that the loss in output power is more than offset by the 
advantages. 

FlG. 3S.4 

... 
l!>lo, 

A l llattcrv 6 + ... 

Fig. 35.4 Simple 
current feedback. 

Where frequency compensation is used in a receiyer, the speaker reso~nces are 
chosen with a different object in view. The electrical response can, owing to the 
compensation, be raised to any desired level at any frequency within reason, but the 
loudspeaker will not reproduce satisfactorily frequencies below its main resonance. 
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Accordingly the frequency of the main resonance is chosen to be as low as possible 
consistent with the type of receiver-and speaker-being used. For instance the 
resonance for a 12 inch speaker to operate in a larg(.. console model might possibly be 
as low as 55 to 60 c/s, for an 8 inch speaker in a table model receiver 65 to 70 c/s, 
and a 6 inch speaker in a small mantel model perhaps 110 c/s, 

The high frequency resonance is made as high as possible although for different 
reasons. When a receiver's high frequency response is increased, a distressing screech 
occurs if the response between 2500 and 3500 c/s is too high. Many loudspeakers 
have a peak of sound output in this range of frequencies and when this is the case only 
a very small amount of high frequency boosting can be used. However if the fre­
quency of the peak can be increased to say 4500 c/s, preferably with a dip between 
2500 and 3500 c/s, more high frequency boosting up to say 5000 c/s can be used, and 
improved results obtained. 

(D) The correct application of negative feedback to a radio receiver can reduce the 
distortion, permit the boosting of appropriate frequencies and provide damping of 
the loudspeaker bass resonance, but it must be realised that the greater the number of 
features expected from the feedback, the more critical will be the design. For ex­
ample bass boosting is usually required at about the same frequency as the loudspeaker 
mam resonance, and unless care is exercised it will be found that when the required 
bass boosting has been obtained, the feedback may be positive, in the vicinity of the 
resonant frequency of the loudspeaker, so that the damping required for high quality 
reproduction will be reduced rather th.m increased. 

Negative feedback is used in the circuit of Fig. 35.3 to give distortion reduction, 
increased speaker damping, bass boosting, treble boosting with sharp cut-off, hum 
and minimum volume reduction, a decrease in the low and high frequency boosting 
as the volume control is advanced, and a tone control. The tone control gives treble 
boosting at one end, a comparatively flat response in the middle and a treble cut at 
the other end. 

It will be seen that feedback is taken from the voice coil of the loudspeaker to the 
volume control by two separate paths. The simpler path through the 50 ohm .ce­
sistor R 3provides a large amount of feedback,independent of frequency within reason­
able limits, to the bottom of the vclume control. This serves to reduce hum and 
play-through with the volume control in its minimum position as explained in Sect 
3(iii) of this chapter. Resistors R • and R 2 are designed to provide the desired amount 
of feedback, which must be limited to avoid instability. 

The second feedback path is more complicated but can readily be explained in 
steps. With the variable tone control R, set to the position of maximum treble boost 
(slider connected to ground), R7 and C2 form a voltage divider, and the higher the 
frequency the smaller the voltage that appears across C2• It is this voltage which is 
the main feedback voltage applied to the amplifier, and the decreasing negative feed­
back as the frequency increases gives increasing output from the amplifier, thus pro­
viding treble boost. 

The next component in the main feedback path is the resistor Re which isolates 
the treble and bass boosting sections of the network. In the absence of R 6, C1 and 
C2 would give 0.033 p,F to earth from the tap on the volume control. Re also serves 
a purpose in the operation of the tone control fo be desctibed below. 

The next part of the feedback network is another frequency discriminating voltage 
divider composed of C1 and R1• The effect of this divider is the reverse of the pre­
vious one in that the lower the frequency the smaller the voltage appearing across Ru 
owing to the increasing reactance of Cu and as feedback is reduced at low frequencies 
so the overall gain of the amplifier is increased. In this way the bass boost is obtained. 
However as mentioned earlier there is a limit to the amount of bass boosting which 
can be used and to prevent the feedback from increasing indefinitely as the frequency 
is reduced the resistor R, is used. 

Excessive high frequency response is also undesirable and capacitor C3 provides 
a sharp cut-off above the desired range. The reactance of Ca is so high at mid­
frequencies that it has no effect on the response, but as the frequency becomes higher 
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it provides a progressively lower impedance path between the source of the feedback 
voltage and the tap on the volume control. Above the useful range of frequencies 
it becomes the main feedback path. 

To prevent instability at very high frequencies where the fraction of the output 
voltage fed back to the input is very high owing to the small reactance of Ca, the gain 
of the amplifier itself is made to decrease rapidly at frequencies above the desired 
a-f range. This is the purpose of the 33 µ,µ,F capacitor C., and ir has the added ad­
vantage of giving a sharper overall cut-off than could be provided by Ca alone. 

The resistor R, has been mentioned as one element of the bass boosting voltage 
divider, but its size is governed by another consideration, the adjusting of the volume 
at which maximum bass and treble boost are provided. The feedback current 
flowing into the tap on the volume control returns to ground by two main paths, the 
volume control and the resistors R 2 and R 3 in parallel providing one, and the volume 
control, the decoupling resistor R 0 and the diode-cathode path of V1 being the other. 
Thus as the slider of the control is turned up from its minimum setting the amount 
of frequency-compensated feedback applied to the amplifier is increased until the 
slider reaches the tap and thereafter decreases. With the slider at the tap, the 
volume should therefore be the lowest normal listening level so that as the volume is 
increased, the amount of compensation is reduced. The normal type of tapped 
volume control has its tap at about 50 000 ohn1s for a 0.5 megohm control and this 
gives too much volume for maximum compensation, so the value of R 1 is chosen to 
reduce it to the required level. 

The operation of the tone control is comparatively straightforward. With the 
slider at the earthed end of the resistance element, R, and C2 remove most of the 
high frequencies from the feedback path to provide a treble boost. However as the 
slider is turned away from the earthed end the resistance in the capacitive arm of the 
voltage divider is increased and its frequency discriminating properties are reduced. 
For example when the resistance between slider and ground is 5000 ohms the amount 
of feedback used varies only between 10/11 and 11/11 of the total amount as the 
frequency is increased from zero to infinity. Thus the treble boost is removed over 
the first part of the rotation. 

When the control is set to the other extreme, C, is in parallel with R 0 and the sizes 
of these components are adjusted so that their impedances are the same in the lower 
mid-frequency range. Under these conditions C2 offers an increasingly lower im­
pedance path for feedback currents as the frequency increases above say 400 c/s, and 
the larger amount of feedback results in a falling high frequency response for the am­
plifier as a whole. 

It must be realised that while the foregoing explanation of the feedback circuit is 
correct as far as it goes, a complete picture of its operation cannot be obtained without 
a knowledge of the phase shifts introduced by the various coupling elements both in 
the feedback circuit and in the main amplifier circuit. Feedback which is 180° 
out of phase with the input at the mid-frequency is no longer negative when a phase 
shift of 90° has taken place. In Fig. 35.3 at low frequencies the coupling condensers 
to the grids of V1 and V2, and the primary of the output transformer will each give a 
maximum phase shift of 90° while capacitors C2, Ci, the screen by-pass of Vu the 
cathode by-pass of V 2 and the decou1'1,ing by-pass in the B supply of V 1 will each give 
a phase shift with a maximum varying between perhaps 20° and 50°, so it is obvious 
that the phases of the feedback voltages become far more important than their magni­
tudes. By far the most difficult part of the design of such a circuit is to maintain 
the feedback negative over the usable a-f range, rather than to obtain the desired 
frequency response. 

Because of the variation in frequency response with the phase of the feedback volt­
age it is possible to obtain bass and treble boosting without frequency discriminating 
elements in the feedback path. Such a circuit would be the same as Fig. 35.3 with 
all feedback components removed except R, and Ra. In such a case circuit elements 
such as the grid coupling condensers, which would normally be as large as possible 
to avoid phase shifts in the working range, would be decreased in size to cause phase 
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shifts and thus develop a bass boost. This is the reverse of what would be expected 
from such a change in an amplifier without feedback. Similarly a high frequency 
boost could be obtained by adding a by-pass in the plate circuit of V1 or elsewhere. 

As the amount of negative feedback applied to an amplifier is increased, the peaks 
of response at low and high frequencies are removed further from the mid-frequency 
and become greater in amplitude, and with the fe\\'er components available in the 
simplified circuit it usually becomes necessary to vary the amount of feedback to 
assist in obtaining the desired response. 

(iii) Hum 
The a-f gain in a radio receiver is seldom high enough to make hum elimination 

difficult except in so far as space or economy considerations make it so. Nevertheless 
economy is such an ever-present need in commercial design that the majority of 
receivers have hum reduced to a barely acceptable minimum. 

The amount of hum permissible at any stage in a receiver can be expressed as the 
maximum tolerable hum at the output of the receiver divided by the gain at the 
appropriate frequency between the output and the stage in question. Thus the 
filtering required by the plate of the output valve is less than that for any other part 
of the a-f system. Advantage can be taken of this effect in small receivers, in which 
the plate of the output valve can be fed directly from the capacitor across the rectifier 
output. Since the output valve plate draws a large proportion of the total B current 
in a small receiver, the filter used for the supply for the rest of the receiver can be de­
creased considerably in size, and it may be possible to use a resistive filter instead of 
a choke without an excessive voltage drop. It should be noted however that since 
there is gain between the screen of a normr 1 tetrode or pentode and its plate the screen 
of the output valve in such a case will probably need to be supplied from the filtered 
source. 

Filtering becomes more important when the grid circuit of the output valve and the 
plate circuit of the a-f amplifier valve are considered. Designs using back-biasing 
for the output valve normally have the grid of the output valve decoupled for hum 
reduction, and similarly the plate supply to the first a-f amplifier is often decoupled. 
It is worth noting that the hum introduced from these two sourc-es is out of phase, 
and whilst if one decoupling is used as a matter of course, or if the output valve is 
cathode biased, the other may become essential, yet the results obtained with both 
omitted are often satisfactory. 

Hum introduced between grid and cathode of the a-f amplifier is usually the most 
difficult to eliminate since the following amplification is high, and the circuit is usually 
a high impedance one which makes the effects of small capacitive couplings appreci­
able. The impedance of course is variable, depending upon the volume control 
setting, and when tracing hum introduced into this stage it is best to turn the volume 
control to maximum. If noise from the r-f end of the receiver then drowns the hum, 
the last i-f valve can be removed. 

Hum can be introduced into a receiver before the second detector, although under 
these circumstances (assuming transformer coupling to the detection diode) it can only 
be troublesome if it modulates the signal. Modulation hum can usually be traced 
to two general sources, firstly amplitude or frequency modulation of the local oscillator 
in a superheterodyne receiver by hum from the pov,..er supply, and secondly amplitude 
modulation of the signal in a valve working on a non-linear part of its characteristic 
and with a hum voltage impressed on one electrode. 

Modulation hum due to the local oscillator is as a rule only met when the oscillator 
plate has a separate filter from the rectifier output to eliminate flutter-see Sect. 3(vi) • 
of this chapter. The filter is usually resistive and arranged to give the proper voltages 
so that an increase· in the size of the filter capacitor is the cure. 

Modulation hum occurring because of a non-linear characteristic in a r-f or i-f 
valve is greatest at the point of maximum non-linearity and this as a rule is at some 
intermediate value of bias, so that the hum may increase up to some particular input 
and decrease thereafter. This can readily be checked on the a.v.c. characteristic, 
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plotted as described earlier in this section. A common reason for this type of hwn 
is insufficient filtering for the screen of a r-f amplifier. If the a.v .c. line carries bias 
generated across a back bias resistor it is also possible for hwn from this source to 
modulate incoming signals in any of the remote cut-off valves to which a.v .c. is applied. 

A third source of modulation hwn is sometimes met in a.c./d.c. receivers. Owing 
to insufficient filtering in the mains leads or perhaps to insufficient shielding, the 
rectifier becomes a part of the circuit in which signal currents circulate. The signal 
in this path is modulated by the mains frequency since the rectifier is conductive for 
only half of each mains frequency cycle. A cure for this type of hum is to use a r-f 
by-pass across the rectifier, a typical capacitor being a 0.001 ,.F mica type. 

A receiver with high a-f gain can give trouble with hum due to potentials developed 
between different soldering lugs on the chassis, and because of this it is usually best 
to return directly to the cathode of the a-f valve any leads coming from the ' earthy ' 
side of components in the grid circuit of the valve. In addition, the lead between 
cathode and ground must be separate from the lead earthing one side of the valve's 
heater. When building the pilot model of a receiver which is likely to give hum trouble 
it is best to take all possible precautions ini~y, trying any economy measures one 
by one after the model is in operation. The altemati ve of building first for maximum 
economy may lead to delay, since when several sources of hwn are present cancellation 
usually occurs, and the removal of one source may lead to an increase in total hum. 

One aspect of hwn which can be put to good use during design is that a hum level 
which is objectionable at very low listening levels may be satisfactory at higher levels 
when it is masked by the programme. A circuit which at very small cost reduces 
hum at the minimwn volume setting of the volwne control is shown in Fig. 35.5. 
The connection from the voice coil is in the direction to give negative feedback, and 
this feedback is a maximwn with the volume control turned to zero, decreasing as 
the volume control is turned up, until at maximwn volwne the gain of the receiver 
1s reduced only by one or two db. The feedback is also valuable in reducing play­
through, and this aspect bas a particular application in reflex receivers. 

There is a maximum value of feedback which can be used without instability, 
and in a high gain amplifier use of the full amount of feedback available from the voice 
coil may give trouble (see Chapter 7 Sect. 3). In addition, the feedback into the 
bottom of the diode load results in an apparent reduction of the a.c./d.c. impedance 
ratio. 

Fig. 35.5. Negative voltage feedback 
varied by volume control setting. 

The reason for this latter effect can readily be visualized from Fig. 35.5 as follows. 
Neglecting for the moment the negative feedback, the diode load is the 0.5 megohm 
resistor R, and an a-f voltage E. due to the modulation of an incoming carrier pro­
duces in the d;ode load an a-f current l. of a magnitude given by 1. = E./R. 

Now when feedback is applied, an a-f voltage of magnitude-in a typical case­
equal and opposite to E. with the audio_ volume control at ~axim~, is applied to 
the bottom of the diode load. The a-f voltage across the resistor R 1s now 2E. and 

l.' = 2E.IR 
where l ' = a-f current in diode load with feedback applied. 

Thus tlle a-f current flowing in the diode load has been doubled by the application 
of feedback for the same demodulated a-f signal E.. An alternative way of consider• 
ing this effect is that the a-f voltage E0 is generated across an impedance equal to R/2. 
This is the usual conception of the effect, and the explanation for the statement that 
the a.c./d.c. ratio is reduced by such a feedback application. 
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Of course as the volume control is turned down from its maximum setting the feed­
back voltage applied to the bottom of the volume control is reduced and the a.c./d.c. 
ratio is improved, even although the amount of a-f gain reduction is increased. 

To overcome the trouble of possible instability and increased a.c. loading on the 
dio:le load when the full voice coil voltage is used for feedback, the circuit of Fig. 35.6A 
can be used. Resistors R1 and R2 may be of equal size, say 25 ohms each, and the 
phase of the feedback is such that the feedback at the bottom of r he diode load is still 
negative, so that the feedback into the top of the diode load is positive. The values 
of the resistors can readily be arranged so that the gain reduction with the volume 
control at maximum is zero, when the a.c./d.c. ratio is no worse than in the no-feed­
back condition. 

It is quite possible of course to have positive feedback predominating, giving an 
a.c./d.c. ratio greater than unity, but the reduced detection distortion in this case 
may be more than offset by increased a-f distortion. 

Fig. 35.6A. Combination of 
positive and negative voltage 

feedback. 

When tracing hum it is essential to be in a location quiet enough for the character 
of the hum to be recognisable, and a meter reading hum amplitude and an oscilloscope 
showing hum waveform can each be useful on occasions. 

The amount of hum which can be tolerated is very dependent on the frequency of 
the hum, and pure 50 c/s hum could be of much greater amplitude than say a 150 c/s 
hum for two reasons. Firstly, the sensitivity of the ear is greatly reduced at 50 c/s, 
and secondly the sensitivity of the reproducing equipment also decreases rapidly 
below the resonance of the loudspeaker. Nevertheless a receiver with a small speaker 
which cannot reproduce 100 c/s satisfactorily can suffer badly from 100 c/s modu­
lation hum, which, although not audible in itself, modulates any other audio fre­
quencies which are present and thus gives a very harsh, broken-up type of repro­
duction. 

Since the effects of hum are to such a large extent subjective it is natural that final 
approval in a doubtful case must come from a listening test. It is essential that 
such a test be carried out in a home under the quietest conditions possible, as the 
masking effects of noise in a normal factory, or even laboratory, make an evaluation 
of the hum level very difficult. 

See also Chapter 31 for a general treatment of hum, Chapter 7 Sect. 2(ix) for hum 
with feedback, Chapter 12 Sect. I0(vi) for hum in voltage amplifiers, and Chapter 18 
Sect. 2(iil) for hum in pre-amplifiers 

(iv) Microphony 
Microphonic effects in electronic equipment are those in which mechanical move­

ment produces undesired electrical output from the equipment. Many such effects 
are self-sustaining in that the microphonic noise produced reinforces the original 
mechanical movement and a continuous output builds up at the frequency of the 
mechanical vibration. 

There are two main sources of microphony in an A-M receiver, the local oscillator 
and its circuit, and valves. Since all tuned circuits and all valves are microphonic 
to some extent, the object of a designer when laying out a receiver must be ro isolate 
from the output of the loudspeaker those components which are most likely to give 
trouble. 
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Tuning condensers probably give more microphonic trouble than any other com­
ponent, although frequently this is due to the mounting method used or to the dial 
drum. Some receivers have the complete tuning unit (condenser, coils, wave-change 
switch and valves) mounted on a subchassis which is floated on rubber. This pre­
caution, although comparatively expensive, is usually sufficient to remove any micro­
phony, and even the cheaper solution of floating the gang condenser alone will usually 
give a substantial improvement. A drawback to the use of floating tuning units is 
that as a rule the dial and tuning knob must float too, or flexible couplings must be 
provided to them, in which case backlash between the tuning knob and the gang 
condenser or the dial usually becomes a problem. 

The type of gang condenser microphony whkh can be cured by floating the con­
denser is usually due to movement of masses of metal such as the complete gang body, 
or the whole rotor shaft, and an alternative to floating the gang is to make it more 
rigid. The first step is to stiffen the body by soldering with large fillets of solder the 
junctions between the cross bracing strips and bars, and the end and dividing plates 
in the gang. For extreme cases it may be necessary to solder a plate to the back of 
the body of the oscillator section. An alternative is to mount the gang normally on 
its feet and then add an additional bracing from the top of the gang to some nearby 
solid mounting. Such a bracing may be better either rigid or rubber mounted, in 
the latter case acting more as a vibration damper. A gang condenser with its frame­
work stressed by the mounting is more likely to be microphonic than one which is not 
stressed. Thus a suitably designed three point mounting may be an improvement on 
the conventional four point suspension, although in each case care must be taken to 
see that it is not possible for the condenser to rock. 

It does sometimes happen that a complete stator packet vibrates and causes micro­
phony. In such cases it may be possible to reinforce the brackets supporting the 
stators sufficiently at least to remove the resonance to a frequency at which it will 
not be troublesome. 

Some microphonic effects are due to a large dial drum mounted on the gang spindle. 
Such a drum may be self resonant if made of metal or it may because of its weight 
induce flexing effects in the condenser shaft. In other cases its position may give 
trouble ; for instance the drum may be spaced only slightly from the front panel of 
a mantel model receiver, with the loudspeaker mounted on the same panel. Very 
considerable acoustical coupling will then exist between the loudspeaker and the gang 
rotors. Should the drum itself be resonant it may be possible to alter the frequency 
sufficiently to avoid microphony by punching suitably placed holes in it. Spraying 
with flock or attaching a piece of felt may damp the resonance adequately. 

Another type of gang microphony is due to the vibration of the plates of the con­
denser. This is more often due to sound waves impinging directly on the plates 
themselves and acoustical shielding between speaker and gang condenser should be 
tried as a cure. 

Should a valve be causing microphony it can be mounted on a floating socket and 
shielded as far as possible from the noise from the loudspeaker. Sometimes a rubber 
sleeve around the glass envelope may effect a cure. 

With battery valves, microphony can be affected by circuit design. If the plate 
current of a remote cut-off valve has been reduced almost to cut-off by a.v.c. action, 
movement of the filament under the influence of noise from the loudspeaker may cause 
some sections of the valve which have been completely cut off to conduct again. 
The resulting change in plate current creates noise in the loudspeaker which main­
tains the vibration of the filament and the microphony is sustained. An alteration 
to the circuit which will result in smaller a,v .c. potentials being applied to the valve 
in question should be tried. 

Microphony is also encountered between pickups and loudspeakers, although more 
recent types of combined gramophone motors, turntables and pickups .use very 
flexible mountings which almost completely remove such troubles. 

If the remedies suggested above fail to wre a particular case of microphony there 
are other methods of attack. The simplest is to mount the loudspeaker on rubber 
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or felt with no solid connection between loudspeaket ind cabinet. Even if this 
should result in a gap of up to one quarter Qf llf!. inch between the edge of the loud• 
speaker frame and the baffle, little 1.h«nte of a-f response need be expected. Such a 
mounting is, of course, mainly ~ftective in keeping low frequency vibratloh from the 
cabinet, and is most li~ly to cure low frequency microphony. 

An alternative method of achieving the same result is to mount the loudspeaker 
solidly to its baffle, and float loudspeaker and baffle from the cabinet ort illlite.hle rubber 
grommets. 

Similar results can be obtained electrically by reducing the bass re11ponse of a 
receiver. If the response is already satisfactory this is \li\de%i'r1\file-, hut it may be 
found possible to attenuate severely frequencies below say ',to 'c/s wfth'o'ut appreciably 
affecting the tone, and this could produce tht requited effect. Alterhatively, since 
..microphony is usually much worse on short Wa\l'es, a bass -cut ~b be switched in with 
the wave change switch as the te.::el~r is turned to 1h'oH waves. This possible cure 
can actually improve short wave reception sittet &ding and noise can be less objection• 
able with a restricted bass response. 

Since some types of microphoo.y are due to a change in receiver output as the 0$• 

cillator frequency is varied, it follows that the greater the selectivity of a ~eiver, the 
more prone it will be to this type of microphony. Receivers with a shltrp pttl tb the 
selectivity curve are particularly susceptible and this is f,:;-quently caused ~ rt:. 
generation in the i-f channel which may be reduced by improwd la)'o\lt er by neu;. 
tralization- see Chapter 26 Sect. 8(ii). 

(v) Instability 
This sub-section is confined to instability problems commonlj 't't\et in A-M re• 

ceivers. For general information on the sub~ see Ref. 2a, 
Probably the most common trouble with new models when wired up for the first 

time is instability, although the reason can usually be found with little trouble by by­
passing possible "hot" points with a large capacitor, say 0.5 µF, or by placing an 
earthed piece of metal between stages across which feedback is likely to occur. 

More annoying instability problems are those which do not show up in pilot models 
but which affect production receivers, a typical instance being instability Which occcurs 
only at the low frequency end of the broadcast band. The regeneration is due to 
some of the i-f output being returned to the aerial coil and thus back to the i•f input 
again. The effect usually becomes evident only towards the low frequency end of 
the broadcast band where the aerial coil secondary tuning is approaching the inter­
mediate frequency, and in addition the high impedance aerial primary must be 
resonating at or near the intermediate frequency. 

The i-f output is often radiated directly from the second detector valve or from the 
last i-f transformer, in which case shielding may be needed, or at other times from 
the loudspeaker leads or frame. Earthing the frame will cure the latter trouble and 
a r-f bypass in the audio circuit the former. 

Since the instability is due to intermediate frequency fed back to the aerial primary, 
a reduction in impedance of the primary reduces the feedback. A resistor, say 
10 000 ohms, across the primary may be sufficient damping, but usually gives a greater 
loss in gain, selectivity and signal-to-noise ratio than a condenser tuning the primary 
to a lower frequency than. the intermediate frequency. When the latter method is 
used, additional capacitance due to the aerial can only tune the primary further from 
the intermediate frequency, but otherwise some critical aerial length may resonate 
the primary at the intermediate frequency and lead to instability. 

Battery receivers are particularly prone to trouble in this respect when operated 
without an earth, as the aerial capacitance is in series with the capacitance between 
receiver and ground, so that even a large aerial does not tune the primary much lower 
in frequency. 

A very similar trouble is instability when the receiver is tuned to the second harmonic 
of the intermediate frequency. In this case the second harmonic is radiated from the 
second detector circuit -where it has a high amplitude-picked up by the input 
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circuit and returned to its source. Care in confining the i-f harmonics to appro­
priate sections of the chassis is sufficient to cure this fault. Sometimes actual in­
stability will not be encountered, but the a-f output of the receiver will decrease as the 
volume control is turned up over the last few degrv s. This is due to rectification 
by an a-f valve of i-f voltages on its grid, thus increasing the bias on the valve and 
decreasing its gain. By-passing, or if possible improved layout, will cure this trouble, 
and it is worth checking with a good oscillograph each new model developed, to see 
that a-f valves are not handling i-f voltages of the same order of magnitude as the 
a-f voltages. 

A more difficult problem is presented by multistage battery receivers in which 
coupling occurs in the filament leads. Since some couplings may be regenerative 
and some degenerative it becomes difficult to determine the true gain. However by 
filament by-passing and by wiring the valves in a suitable order regeneration can be 
removed, and if the gain can be spared it is well worth while to introduce degeneration. 
Under these conditions variations in sensitivity with decreasing battery voltage are 
minimized. 

Battery sets in particular are prone to a type of instability which shows up as a squeal 
when a strong signal is tuned in rapidly. This is due to interaction between i-f and 
a-f circuits, and in battery receivers adequate a-f by-passing of the B supply will 
prevent the trouble from developing when the internal impedance of the battery rises 
with use. If back biasing is used the resistor may need by-passing for audio fre­
quencies. Filteiing of i-f voltages from the a-fend of the receiver is in some cases 
the only cure necessary for other troubles of this type. 

Electrolytic condensers are not always satisfactory r-f by-passes and where more 
than one i-f stage is returned directly to the B supply an additional paper by-pass is 
advisable. When two or more circuits have a common by-pass they should be re­
turned to it individually to avoid common impedances. 

A tendency to instability at the high frequency end of the shon ·wave band of a 
receiver is often due to excessive coupling between the signal grid and the oscillator 
circuit of e. receiver and can be cured by coupling from the opposite phase of the 
oscillator. If a r-f stage is used the trouble may be due to resonance or near resonance 
in the r-f coil primary and a suitable cure is a small carbon resistor, say 25 ohms, be­
tween r-f plate and r-f coil primary. 

An indication of the stability of an i-f channel can be obtained from its selectivity 
curve. While complete symmetry is rarely obtained with the mixture of capacitive 
and inductive coupling encountered in most receivers, a marked degree of asymmetry 
at small attenuations can usually be traced to regeneration and it may be difficult 
to remove the last traces. Apart from coupling due to leads or capacitances inside 
or outside the amplifying valves-not forgetting capacitances above the chassis where 
they are apt to be overlooked-magnetic coupling can occur betwe~n two transformers 
either in air, or in the metal of the chassis, the latter ttcuble being more prevalent 
with the small spacing occurring with miniature valves. 

The two leads from the signal generator should be twisted together when i-f selec­
tivity measurements are made, to keep the loop formed by them as r.mall as possible 
and so avoid coupling between the first and later stages of the i-f ?.mplifier. 

See also Chapter 23 Sect. 7 for instability in r-f amplifiers and Chapter 26 Sect. 8 
for instability in i-f amplifiers. 

( vi) The local oscillator 
(A) Recommended values of oscillator grid current are specified for all con­

verter types, and it might be thought that if these values were obtained and the os­
cillator tuned over the required range, no further design work would be required 
for the oscillator. However the local oscillator circuit can be responsible in a receiver 
for flutter, squegging, poor sensitivity with high noise level, unstable shon wave tuning, 
apparently short battery life in battery receivers and other more obscure faults. 

(B) The term " flutter " covers two different effects, the sound emitted from the 
loudspeaker being the same in each case. As a strong signal is being tuned in, the 
voltages in a receiver are varied by the application of a. v .c. to the controlled stages 
and by the changing plate current of the output valve. If the changes in voltage reach 
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the oscillator valve the oscillator frequency is altered, and a case could be visualized 
in which the tuning-in of a station generated voltages sufficient to detune the re­
ceiver. The additional voltages would then disappear and the receiver would retune 
the signal, only to be detuned again. This is actually what happens when a receiver 
flutters, although the station may not be completely tuned and detuned on each cycle. 
The time taken for a cycle is dependent on the time constants of the circuits involved, 
but it is usually low enough for each cycle to be heard separately. 

The voltage applied to the oscillator may come from the B supply or from the a.v.c 
In each case a receiver is more prone to the trouble when operating on short waves, 
since a given percentage of detuning is a larger number of cycles per second than on 
the medium waveband. If the fault originates in the B supply the effect is that as a 
carrier is being tuned-in the a-f signal causes a large varietion in the current drawn 
from the B supply by the output valve. This variation in current sets up a voltage 
across the series impedance of the power supply and this voltage is applied to the 
oscillator plate and detunes the oscillator from the signal. 

The time constants concerned are those of the a-f amplifier and of the power supply, 
and since the a-f amplifier must amplify the flutter frequency, which is very low, a 
cure is to decrease the bass response of the a-f amplifier. If this leads to excessive 
bass cutting-although as in the case of microphony it may be necessary only on the 
shon wave band-the alternative of increasing the time constant of the power supply 
can be tried. This is not so desirable since a larger electrolytic condenser is required 
at additional expense. 

F,~. 35.68 - !! • 

Fig; 35.6B. Reduction of "flutter" 
by negative feedback. 

A cure which has been used successfully is shown in Fig. 35.6B. The condenser 
Ci is connected between B+ and the power valve grid circuit and applies negative 
feedback to any a.c. potentials (due to flutter or hum) appearing across the B+ filter 
condenser. The usual decoupling condenser C 1 is also necessary unless the hum level 
on the B supply is very low (complete cancellation of hum across the B supply is not 
the same as cancellation of hum across the output transformer primary) and values of 
0.1 f'F for C, and 0.05 /LF for C2 have been used to give appreciable reduction in 
flutter while leaving the hum level almost unchanged. 

To remove the cause of the flutter, rather than curing the symptoms of the trouble, 
it is necessary to reduce the impedance common to the oscillator and the output valve. 
A large part of this impedance is the filter in the B supply, and by supplying the os­
cillator plate directly from the output of the rectifier a big improvement can be effected. 
A separate filter to remove the hum from the oscillator plate supply will be needed 
and typical values are a 20 000.ohm resistor from the rectifier cathode and an 8 J.LF 
electrolytic condenser. The normal oscillator plate resistor, perhaps 30 000 ohms, 
is connected from the junction of these components to the oscillator plate. A careful 
check for modulation hum-see Chapter 37 Sect. l(vi)H-should be made if this 
circuit is used. 

Flutter due to a.v.c. application to converters is confined to short wave bands, and 
is due to coupling within the valve between the control grid and the oscillator section. 
Reference should be made to Chapter 25 Sect. 2 for an explanation of this effect. 
The simplest cure is to use fixed bias on the converter on the short wave band, and 
this is not unduly detrimental to receiver performance since the maximum signal 
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input to be expected on short waves is less than on the broadcast band. The a.v.c, 
curve will not be so flat with one less stage controlled, but this may be an advantage 
because it is not desirable to hold receiver output too fiat when selective fading is 
experienced as this unduly emphasizes the accompanying distortion. Even when 
the a.v.c. applied to the converter does not cause flutter, it may make the tuning of 
strong signals at the high frequency end of the short wave band very difficult, the 
effect being that no matter how carefully the tuning knob is handled, the receiver 
tunes just past the station. In addition, the fading of a signal may cause it to be 
detuned. 

(C) Squegging of the local oscillator in a receiver is usually e<;>nfined to the short 
wave range, but cases have been encountered on the l:>.r~dcast band when unusual 
coupling circuits have been used. Squegging is due to high oscillator amplitude 
in conjunction with a large time constant in the oscillator grid circuit. Oscillation 
at the desired frequency beqimes interrupted at another frequency which is depen­
dent on the time constants in the oscillator circuit. The interruption frequency may 
be audible or supers9-llic ~d depends -upon the rate at which the oscillation amplitude 
at the desired, frequency builds up sufficiently to bias the valve to cut-off, and the 
time required for the charge on the grid condenser to leak away sufficiently for os­
cillation to sta,rt again. 

The possible results of a squegging local oscillator are a very high noise level (with 
or without multiple tuning points and with or without a heterodyne at each point) 
when the squegging frequency is supersonic, or a continual squeal when the squegging 
frequency is in the audible range. Such a squeal should not be confused with another 
which sounds almost identical and which is due to signal grid and oscillat r grid 
circuits being tuned to approximately the same frequency on the short wav band. 

· This second type can be stopped by detuning the signal frequency circuit, but squeal 
due to squegging can not. 

A third squeal which sometimes occurs at the high frequency end of the br dcast 
or short-wave band sounds similar but needs a small resistor (say 25 ohms rbon) 
in series with the control grid of a converter, as dose to the grid as possible, for cure. 

The simplest remedy for squegging is to reduce the oscillator grid capaci r and 
r.'sistor to the lowest values that can be used without reducing unduly the os 'llator 
grid current at the lowest tuning frequency. This may not be sufficient if th same 
components are used on both the broadcast band and the short wave band (1 µµF 
and 25 000 ohms are about the smallest combination possible if these compon ts are 
not to affect the oscillator amplitude excessively at frequencies below 600 Kc/s) and 
a simple alternative is to switch the grid coupling condenser together with the coil 
as the wave range is changed. 

A third possibility is to connect a small carbon resistor in series with the oscillator 
grid capacitor or oscillator plate lead. This resistor reduces the amplitude of oscilla­
tion at and near the high frequency end of the band, where it is a maximum, without 
noticeably affecting the low frequency end, and thus removes the tendency to squeg. 

The varying effect of the resistor Cl1n readily be visualized when· it is realised that 
at the high frequency end of the band the total tunin1 capacitance may be 30 µ.µ.F 
and the resistor is in series with the oscillator input which amounts to about 10 µµF, 
or one third of the total. At the low frequency end of the range the 10 µµF with the 
resistor in series amounts to only about one fiftieth of the total capacitance. 

(D) To produce the required oscillator grid cw-rent at a specified frequency is 
usually simple, but to obtain the same grid current over a range of frequencies which 
is usually greater than three to one can be quite difficult. Fortunately considerable 
variation in grid current is. possible with tittle change in conversion characteristics 
and full use is made of this in .design. 

Battery receivers usually present the most difficult local oscillator problems be­
cause of the lower initial slope in the oscillator section of the converter and because 
of the necessity for the oscillator to operate with A and B batteries reduced to (pre­
ferably) 2/3 of their initial voltage. For this reason battery converter problems 
are considered here. 
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The first trouble to be experienced is usually insufficient grid current at the low 
frequency end of the short wave band-as§llming that preliminary design is such as 
to allow the required band to be covered. Figure 35. 7 shows a simple circuit(" padder 
feedback ") for increasing this grid current without loss of frequency coverage, the 
only variation from a conventional circuit being that the cold end of the primary coil 
is connected to the cold end of the secondary. If this circuit is already in use, at­
tention must be given to coil design as discussed in Chapter 11 Sect. 5. 

Fig. 35. 7. Oscillator circuit with padder 
feedback. 

With valves which do not oscillate readily at high frequencies, it sometimes happens 
that a frequency range which is impossible when mixing with the oscillator funda­
mental can be covered with the second harmonic of the oscillator used for mixing. 
This method of operation also has the advantage of practically eliminating pulling 
and, in spite of decreased gain at the low frequency end of the short wave band and 
additional spurious responses arising from unwanted signals beating with the oscillator 
fundamental, it is often worth trying. 

It is important to remember that it is the voltage across a grid resistor which is the 
essential requirement. The oscillator grid current published by valve manufacturers 
is used because it is easier to measure, but it only applies to the published value of 
grid resistance. If a different value of grid resistance is used, the grid current should 
be inversely proportional to the ratio of the resistances. For example, if the published 
grid current is 6.4 mA in 50 000 ohms, then the equivalent value would be 0.8 mA 
in a 25 000 ohm resistor. 

A choice of series feeding or shunt feeding the oscillator plate is often available 
(see Figs. 24.2B and C for series and shunt feeding of a tuned plate oscillator). An 
increase in grid current, dependent in size on the value of the resistor used, can be 
obtained by using series feed as this removes the damping of the resistor from the 
plate coil. 

With series fed oscillator circuits, an increase in coverage can be obtained by con­
necting the by-pass capacitor in the oscillator plate supply directly to the cold end of 
the oscillator primary coil, rather than to some other place in the circuit. All oscillator 
wiring must be kept as short as possible and removed as far as possible from other 
components and from the chassis if maximum frequency coverage is to be obtained. 
As the oscillator grid capacitor is in series with the capacitance of the oscillator valve 
it should be kept as small as possible, and if the capacitor is switched with the oscillator 
coil, a substantial improvement in frequency coverage can be obtained by the use of 
the smallest possible value. At the same time the effect of the change in oscillator 
input capacitance as the valve warms up is reduced, thereby increasiog the frequency 
stability. 

It is unfortunate that in battery receivers, in which frequency coverage with sufficient 
grid current is difficult to obtain, it is also necessary for the oscillator to provide suffici­
ent output for reasonable conversion conductance when the battery voltage is con­
siderably reduced. As a routine test during oscillator coil design for battery receivers, 
the sensitivity should be checked from time to time with A and B battery voltages 
simultaneously reduced to two thirds of their initial values, with a converter valve 
having an oscillator slope as low as is likely to be encountered in production, and 
under these conditions the oscillator should not only start readily each time the re­
ceiver is switched on, but it should also provide enough grid current to give reasonable 
conversion conductance. 
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It should be remembered when laying out any receiver that the characteristics 
of the valves can be seriously affected by the presence of a magnetic field. All 
val~es are likely to fall off in performance if placed too close to a loudspeaker, and 
osc11lator grid cunent can be seriously reduced in this way. 

(E) In a.c. receivers it is a simple matter to obtain sufficient oscillator grid current 
but excessive values should be avoided. On the broadcast band, where so many 
signals can be tuned, self generated spurious responses must be reduced to a minimum 
and it is helpful to reduce the oscillator amplitude as far as possible. This 
should be done experimentally as it is found that the reduction can be carried, without 
undue loss of sensitivity, further than would be expected from a study of published 
curves of conversion conductance versus oscillator voltage. Signal-to-noise ratio 
should also be measured when the grid current is reduced as it may even improve 
with moderately low values of oscillator voltage. 

An additional advantage of using the lowest possible oscillator grid current is that 
radiation from the local oscillator is reduced. 

(F) With most converters it is found that the shortwave sensitivity is 
affected when the oscillator frequency is changed from one side of the signal 
frequency to the other. The reasons for this are set out in Chapter 25 Sect. 2(ii), 
but it is not always realised that a useful gain in short-wave sensitivity can be ob­
tained with certain types of converters by determining the better method of 
operation and using it, even if this necessitates an oscillator frequency lower than the 
signal frequency. Under these conditions the signal frequency circuit (or circuits) 
is padded and the oscillator circuit is not, but no other changes are necessary, and an 
mcrease in sensitivity of two or three times at the high frequency end of the short 
wave band is sometimes obtainable. In addition image responses are reduced pro­
portionately. 

A disadvantage of operating the oscillator on the low frequency side of the signal 
is that a given ratio of signal frequencies becomes more difficult to cover. 

Under ail conditions it is advisable to make sure that the converter is not in need of 
neutralizing on short waves. Neutralization of oscillator voltages in the signal fre­
quency circuit need not require additional components, as an undesired voltage from 
the oscillator grid circuit can often be offset by a wiring change which increases the 
capacitance between the oscillator plate and the control grid and vice versa, the wiring 
to and the capacitances of the wave change switch being very useful for this purpose. 
Plate tuned oscillators develop high oscillator voltages in the plate circuit and need 
particular care in layout even on the broadcast band. 

(vii) Cabinet design 
(A) The subject of cabinet design for direct radiator loudspeakers is covered in 

Chapter 20 Sect. 3. Open-back cabinets have many shoncomings--see Chapter 20 
Sect. 3(ii). Completely enclosed cabinets, even with an enclosed volume as small as 
2 cubic feet, are capable of giving very much improved low frequency response­
see Chapter 20 Sect. 3(iii). Vented baffles give about 3 db additional response over 
a limited frequency range equivalent to bass boosting-see Chapter 20 Sect. 3(iv) 

The cloth used for loudspeaker grilles should be very light and of suitable texture­
see Chapter 20 Sect. l(viii). 

Some fonn of diffuser is highly desirable to increase the angle of radiation at the 
higher frequencies--see Chapter 20 Sect. 2(vii). One simple form of diffuser is cone 
shaped and mounted directly in front of the loudspeaker. 

Sharp angles (e.g. 90°) on the exterior front of the cabinet should be avoided be­
cause of deleterious diffraction effects-see Chapter 20 Sect. 3(vii). 

In console and radiogram cabinets improved reproduction can be obtained if the 
speaker can be directed upwards, particularly if the controls are on the top of_ the 
receiver. The high frequencies produced by a loudspeaker ar7 propagated_ m a 
beam, and where the speaker is mounted close to the floor the high frequenetes do 
not reach ear level unless the loudspeaker is directed upw~ds. . . 

When two loudspeakers are used, both reproducing high frequencies, a desirabl~ 
effect can be obtained by directing the speakers outwards at an angle of about 30 
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with respect to each other and upwards if necessary. In this way the high frequency 
response is spread over a much greater angle. 

(B) A small amount of time spent on the ventilation of a receiver in a cabinet to 
which a back is fitted can often materially reduce the operating temperature of the 
components. Provision must be made for cold air to enter near the bottom of the 
cabinet and to leave it at the top. The components which affect the frequency of 
the local oscillator should have a supply of air from outside the receiver passing over 
them before it passes over any other heat sourcu. Ventilation should also be pro­
vided to permit a copious flow of air to pass over the output and rectifier valves and 
power transformer. 

An efficient ventilation system is essential in the case of small a.c./d.c. receivers. 
For the power---of the order of 60 watts in a typical case-to be dissipated by radiation 
alone, the cabinet and the components inside it would rise to excessive temperatures, 
so that the greatest possible amount of heat should be carried away by convection. 

This involves a maximum volume of air passing through the receiver at as high a 
speed as possible, so that restrictions on the flow must be minimized and the air paths 
provided should be as direct as possible. At the same time all heat sources within 
the receiver must be included in the ventilation system. 

In the case of wooden cabinets it is essential that some means be employed for 
preventing hot spots from forming on the timber. Ventilation is the best method 
where it is possible, but in extreme cases it may be necessary to use asbestos sheeting 
to protect the wood. Failure to avoid hot spots will sooner or later result in the finish 
of the cabinet being marred where the heat is excessive, although the seriousness 
of the blemish will depend on the quality of the veneering and on the type of finish. 

When investigating ventilation, it is helpful to allow cigarette smoke to be drawn 
into the back of the receiver, and to watch its course through, and exit from, the 
receiver, which should be at operating temperature. 

See also Chapter 3 page 81. 

(viii) Ratings 
Standard laboratory tests in most cases cover the requirement that all components 

be operated within their ratings. There are some cases however where circumstances 
arise under which components may be over-run, although the operating conditions 
under test may be quite satisfactory. A typical case is that of an i-f valve screen 
by-pass condenser on which the no-signal operating voltage may be 80 volts, rising 
to perhaps 180 volts when a strong signal is tuned in, and to 380 volts for some 15 
or 20 seconds every time the receiver is switched on. The last effect would be due 
to the use of a directly heated rectifier with a complement of indirectly heated valves 
and of course a condenser with a working voltage of at least 400 must be used. 

Whilst such a case would rarely be overlooked, it should be reni-embered that even 
with an indirectly heated rectifier, the same high voltages may be experienced for 
a shorter time, and electrolytic and other condenser working voltages should be 
specified accordingly. 

Other points which have given trouble are 
(A) The screen dissipation of an output valve should always be checked with 

a large signal input to, and a large a-f output from, the receiver. A large signal input 
biases the controlled valves, thus causing the B supply voltage to rise and the bias to 
decrease if back bias is used, whilst the large a-f output increases the screen dissipation. 

The output valve plate dissipation maximum will occur with a large r-f signal 
and no output, since any output is subtracted from the plate dissipation. 

(B) If a transformer is to be operated on frequencies of 60 c/s and 50 c/s, or 50 
c/s and 40 c/s as is the case with transformers in some Australian receivers, the heat 
run should always be carried out at the lowest rated frequency. The flux density 
on 40 c/s is 25% higher than on 50 c/s, which will seriously affect the temperature 
rise. 

(C) The dissipation of the resistors forming screen circuit voltage dividers 
changes with applied signal, and the resistor from B supply to screen should be checked 
under no signal conditions, and the resistor from screen to ground at maximum signal 
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input. These dissipations should also be checked when the value of each resistor 
is on the upper or lower tolerance limit, whichever will give the greater dissipation. 

(D) When 1,4 volt valves are operated in series across a 8 volt wet battery, 
a large capacilance (500 µF) electrolytic capacitor is often used to by-pass some of the 
valves. It frequently happens that every time the receiver is turned on, this capacitor 
is charged through one or more of the filaments in the string. The resulting flash 
can readily be seen and can seriously reduce the life of the valve, although the filament 
voltage may be correct when tested. 

Special cases of one sort or another occur in most receivers and emphasize the 
need to investigate the worst conditions in every case. 

(ix) Field testing 
Receiver design is, more than anything else, a matter of compromise between various 

sets of conflicting requirements. The success with which these compromises have 
been made can only be judged by operation of the receiver over a period of time under 
normal operating conditions in the field. 

Perhaps the most contentious part of a design centres around the frequency response, 
and final approval can only be given after prolonged listening, so that the widest 
possible variety of programme material and listening conditions is included. In a 
receiver in which distortion is kept to a minimum an extension of the a-f response 
progressively improves such items as a live-artist programme, but also makes pro­
gressively more annoying any poor quality recordings. Whether the best fidelity 
position of the tone control is one which can be consistently used or not is a question 
which must be decided over a period of time in a home. It may happen too that an 
extended a-f response sounds pleasant for one item but, probably because of distortion, 
becomes irritating if left playing for some hours, even on items of good fidelity. A 
careful check for listener irritation or fatigue after long periods of listening should 
be made. 

Hum may change its apparent volume or character under quiet conditions, and a 
different level of background noise can also affect the volume control setting at which 
maximum frequency compensation is needed. 

Controls should of course all operate smoothly and it frequently happens that 
noisy dial drives are heard for the first time in a home, or it may be that non-technical 
users find a receiver difficult to tune on short waves owing to insufficient drive re­
duction ratio between tuning and gang spindles. 

The number of small points which may be discovered under field testing con­
ditions could be extended indefinitely, but the main point is that no design is com­
plete until it has been used critically and for a period of time in a home and has been 
found satisfactory. 

SECTION 4 : FREQUENCY RANGES 

(i) Medium frequency receivers (ii) Dual wave receivers (iii) Multiband receivers 
(iv) Bandspread receivers. 

(i) Medium frequency receivers 
A large percentage of commercial A-M receivers have two wave ranges, medium 

frequency (say 540 to 1600 Kc/s) and short wave (say 5.9 to 18.4 Mc/s). The short 
wave band is largely ignored in actual use and in most cases a more useful receiver 
could be made to sell more cheaply if the short wave range were omitted. 

The obvious advantage would be that the cost of the extra components (wave change 
switch, two coils, s.w. padder and knob, as a minimum) could be used to provide, for 
instance, improved fidelity which .would be available to the user at all times. 

Another factor is that, particularly in cheaper receivers, the inclusion of a short­
wave band restricts the design, to the detriment of the broadcast band performance. 
For example, microphonic trouble is far more prevalent on the short wave band and the 
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bass response of a dual wave receiver is frequently reduced for the sole purpose of 
avoiding short wave microphony; a.v<.c. application to the various stages may be a 
compromise between the broadcast band and short-wave band requirements; and in 
order to save money on switching, the final circuit may lead to increased overloading 
or reduced signal-to-noise ratio on the broadcast band ; to reduce costs it is also 
customary to operate the s.w. and broadcast aerial primary coils in series, thus avoid­
ing switching, but somewhat reducing the broadcast aerial coil performance ; · if switch­
ing is used, the capacitance• between the leads to the switch may on the other hand 
reduce the broadcast band image ratio. 

When a receiver is designed only for the broadcast band it is possible to use less 
i-f amplification owing to the increased aerial coil gain on medium frequencies (average 
perhaps 8 times) as against that on the short wave band (average not greater than 2 
times). This may result in a more pleasant tuning characteristic as a single i-f stage 
giving maximum gain usually verges on regeneration. 

In an extreme case, say in a 3 valve plus rectifier receiver, the inclusion of a short 
wave hand may even make the difference between a reflex and a straight receiver to 
obtain the required i-f sensitivity for the short wave band. This introduces the 
problems of a remote cut-off valve used as an a-f amplifier, rectification in the i-f 
amplifier, and high play-through as discussed in Chapter 28 Sect. 2(i), for the sake 
of increased amplification which is cancelled by turning down the volume control. 

(ii) Dual wave receivers 
In Australia many country ateas are outside the daylight service range of medium 

frequency broadcasting stations and dual wave receivers are used in such districts 
to receive daylight programmes from short wave stations provided especially for this 
purpose. 

The international allocations for the world wide broadcasting bands are given in 
Chapter 38 Sect. 4(ii), and it will be noticed that a tuning range of 4.2 : l would be 
needed to provide coverage for all short-wave bands on one wave range. Such a 
tuning range is impossible with standard components and the usual compromise 
is to omit the two highest frequency bands and to design receivers which tune from 
about 5.9 to 18.4 Mc/s. The 13 and 11 metre bands give very variable performance, 
depending upon ionospheric conditions, and although they can provide some of the 
best short wave entertainment--owing to the absence of static-when conditions are 
good they are so often unusable that their omission from a dual-wave receiver is not 
counted a serious disadvantage. 

The signal strengths obtainable from international short wave broadcasting stations 
are of course less than those from a local medium wave station, and more sensitivity 
is consequently required from the receiver. A minimum sensitivity for 50 mW out­
put for international short-wave listening might be taken as 25 µ.V from 18 to 10 Mc/s, 
falling off to 50 µ. V at 6 Mc/s where static drowns the weaker stations. Local con­
ditions and the aerial used will of course conside.ably affect the required sensitivity. 

Selective fading, i.e. fading accompanied by distortion of the signal, is far more 
prevalent on short waves than on medium frequencies, and has an effect on the pre­
ferred type of a.v.c. curve. A curve which is too flat results in the signal being held 
at the same output level throughout each individual fading cycle, so that the un­
pleasant effect of the distortion is greatly emphasized. Even in the absence of dis­
tortion a flat curve in a sensitive receiver results in the " troughs " of each fading 
cycle being filled in with noise (receiver or external) which is much less desirable than 
the silent space in the programme resulting from an a.v.c. curve sloping steeply at 
low inputs. 

To provide the required difference between the broadcast and short wave a.v.c. 
curves it is often desirable to use a.v.c. on the converter on the broadcast band and 
not on the higher frequent:ies. This has the added advantage of improving the os• 
cillator stability on the short wave band. 

The frequency of each fading cycle varies from some seconds for each cycle to many 
cycles a second on the high frequency bands, and in a good recei".£r . a special tone 
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control Position is sometimes fitted to improve short wave intelligibility. Such a 
control limits the treble respanse of the a-f section and also reduces considerably 
the bass respanse, which removes the " fluttering " effect of rapid fading cycles and 
some of the more objectionable features of bursts of static and ignition interference 
from passing cars. 

Microphony is an ever-present problem in the design of dual wave receivers, and 
Sect. 3(iv) of this chapter is devoted to the subject. 

A problem peculiar to receivers with more than one wave band is the resonance of 
unused coils within an operating wave range. It is usually a low frequency coil which, 
resonated by its own distributed capacitance,interferes with a higher frequency band, 
and when broadcast and short wave coils are wound on the same former the effect 
is aggravated. Even in the absence of inductive coupling however, wave change 
switch wiring often provides enough coupling to give trouble. 

A resonance affecting the oscillator coil is easily detected by measuring oscillator 
grid cw·rent. A sharp dip in the grid current (whether to zero or not) is an indication 
of an unwanted resonance. With an aerial or r-f coil more care is necessary as the 
resonance will be indicated only by a reduction in sensitivity over a very narrow band. 
To check for such an effect the receiver must be tuned in step with the signal generator 
over the whole tuning range using very small increments of frequency. 

Whether the resonance is affecting the oscillator, r-f or aerial coil it can be traced 
by leaving the receiver tuned to the dip (in grid current or sensitivity) and touching 
with a conductor the " hot " terminals of the disconnected coils. When the resonating 
coil is touched the grid current (or sensitivity) will return to normal. 

The normal cure for such resonances is to use a wave change switch which earths, 
when necessary, any low frequency coils as the receiver is switched to a higher fre­
quency band. 

One type of resonance which is not cured by earthing occurs when a broadcast band 
coil is wound with two or more pies. Each pie can be self resonant in some other 
frequency range and as one end, at most, of each pie is available, short circuiting is 
not possible, It may be possible with a certain value of capacitance to tune such a 
resonance to some harmless frequency, or it may be necessary to redistribute the turns 
on the pies, or to remove the coupling between the self resonant coil and the coil in use. 

Since the broadcast range of a typical receiver covers 1100 Kc/s and the short 
wave range 12.5 Mc/s, a movement of the tuning knob sufficient to tune the receiver 
through 10 Kc/son the broadcast band will tune more than 100 Kc/s on the short 
wave band. The difference between the two tuning rates is so great that it is difficult 
to provide a tuning ratio sufficiently large for the short wave band which does not 
make the tuning of broadcast stations undesirably slow. One solution is the use of a 
large ratio and a weighted "flywheel " tuning spindle which will spin when flicked, 
allowing rapid broadcast tuning. 

The requirement for satisfactory tuning seems to be a certain linear movement of 
the outside of the tuning control for a given frequency change rather than a particular 
ratio of rotation between tuning spindle and gang spindle. Thus a possible broad­
cast drive is a very large knob (at least three inches in diameter) mounted directly 
on to the gang spindle, although this gives quite critical tuning. 

For normal knobs of perhaps one inch diameter a twelve to one ratio between tuning 
and gang spindles is sufficient for the broadcast hand but the short wave ratio should 
be at least eighteen to one for non-technical users of the receiver. 

Probably the best mechanical solution is to use a dual ratio tuning control either 
with concentric knobs or with one knob and the slow speed tuning available for only 
one revolution of the tuning knob. 

(iii) Multi-band receivers 
Little expenditure is involved in the provision of additional sho~-wave bands 

in a normal dual-wave receiver, and considerable advantages are pass1ble. 
Receivers manufactured for export to some tropical countries need to receive fre­

quencies as low as 2.3 Mc/s as well as the normal broadcasting bands and with two 
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short wave ranges and one broadcast range it is possible to provide continuous cover­
age from 22 Mc/s to 540 Kc/s with standard components. 

However the more usual type of multi-range receiver is one in which the coverage 
of individual ranges is restricted by reducing the effective change in tuning capacitance. 
From the view point of ease of tuning it is best in such receivers to give each range 
an equal coverage in megacycles rather than an equal tuning ratio, as the highest 
frequency band may otherwise still be quite difficult to tune. 

Improved oscillator performance is possible because higher (if necessary) and more 
constant values of oscillator grid current can be obtained, while r-f and aerial coil 
performance can be improved because higher values of inductance can be used. 

Microphony is reduced because part of the oscillator tuned circuit capacitance is 
a fixed capacitor. Further advantages of using a number of short wave tuning ranges 
are brought out in the next subsection. 

(iv) Band-spread receivers 
Although the short wave tuning range of a dual-wave receiver is usually greater 

than 12 Mc/s, with consequent ·difficulties in tuning, the majority of short-wave pro­
grammes are to be found within the 16, 19, 25, 31 and 49 metre international broad­
casting bands, which have a combined coverage of only 1.65 Mc/s. If the b.i.nds 
could be arranged consecutively on one tuning scale the tuning speed would be quite 
acceptable. However their separation in the spectrum makes this. impossible, and 
many ingenious methods have been used to spread the . short-wave broadcasting 
bands without spreading equally the whole short-wave spectrum. 

When the actual tuning-in of a short wave station has been made easy by mechanical 
or electrical means, other possible refinements to short wave tuning become obvious. 
As adjacent short-wave stations are, with band-spreading, separated by a greater 
mechanical movement of the tuning control it may be possible to give short wave 
calibrations sufficiently accurate for the identification and rdocation of short-wave 
stations. This is most desirable. 

On the other hand any frequency drift which occurs during warming up is made 
very obvious by the much greater tuning control travel required to correct it, and 
unless the drift is only of the order of 10 Kc/s, useful calibrations are not possible. 

The various general types of bandspreading are shown dearly in Fig. 35.8 (Ref. 14). 
The mechanical types mentioned are not commonly used in mass production because 
the accuracy needed to provide the necessary mechanical amplification without undue 
blacklash is not readily achieved. Nevertheless the National H.R.O. dial is one well 
known example of the precision drive and scale. 

A broad distinction is made on the electrical side of the " family tree " shown in 
Fig. 35.8 between switched inductance and switched capacitance types of band spread­
ing. However it is quite possible for the· two types to be used in one receiver, a 
capacitor being switched in parallel with a coil to tune it to a lower frequency and an 
inductor to tune it to a higher frequency band. When fixed capacitors are switched 
for band selection the frequency stability can be at least as good as when inductors 
are switched, although for draughting convenience this is not indicated in the figure, 

Some of the more unusual band-spread'ing. methods include the use of tuning con­
densers with specially shaped plates to' glve· very rapid tuning between bands, and 
adequate spreading on the short wave broadcasting bands. Another ingenious system 
has a normal tuning condenser coupled to an iron core moving continually into and 
out of the inductor. This increases and decreases the inductance, and the mechanical 
coupling is arranged so that on the international bands the inductance variation op­
poses the capacitance variation, giving very slow tuning, while between the bands the 
two variations are additive, giving very rapid tuning. 

The double frequency changing method mentioned on the chart has the advantages 
of giving the same tuning range on each spread band and of separating the band­
spreading and local oscillator circuits. However it is a comparatively expensive system 
and its use is limited because of this. 
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Fig. ?5.8. Possible types of bandspreading (from Ref. 14). 

Bandspreading by means of moving iron cores has been used in many models, but 
although this is an electrical type it introduces mechanical problems of core location 
if the band-spread ranges are calibrated. 

The small parallel variable capacitor used for spreading is well known to amateurs 
but gives a very variable amount of band-spreading, depending upon the capacitance 
of the main tuning condenser, with which it is in parallel, at different parts of the tuning 
range. Moreover unless the band-spreading condenser has as many sections as the 
main tuning condenser the signal frequency circuits become detuned when band· 
spreading is used. This restricts the proper use of the spreading condenser to the 
passband of the signal frequency circuits between values of about 6 db loss, and when 
a r-f stage is used this contains very few broadcasting channels. 

A simple method of spreading which avoids the use of an additional tuning con­
denser is the tapped coil system. When the tuning condenser is tapped down the 
coil, its effective capacitance is reduced approximately by the square of the tapping 
ratio. If distributed capacitance across the whole coil is neglected, the coverage at 
each tapping point will be a constant proportion of the frequency. Distributed 
capacitance reduces the coverage at the higher frequencies, giving a more nearly equal 
coverage measured in Kc/s. To restrict the coverage at each tapping point, a capaci­
tor can be connected in parallel (Ref. 20) or in series with the main tuning condenser. 
Such capacitors can conveniently be brought into circuit by the band-spread switch. 

The series capacitor method of bandspreading (Refs. 15, 16) has been widely used. 
It has the advantage of providing, if desired, continuous coverage of the normal 
short-wave band (6 to 18 Mc/s) together with tuning on the international broad­
casting bands which is comparable with that of the medium wave band. In 
addition it requires few additional components, all of which are standard types. 

Fig. 35.9 shows the essentials of such a band-spreading circuit as applied to an 
aerial stage. Only two wavebands are shown, but as many as can conveniently be 
switched can be used. A typical value for the capacitor in series with the gang is 
50 µ.µ.F and at the high frequencv end of the band, with gang capacitances of the order 
of 15 µ.µ.F it has only a small effect on the resonant frequency of the tuned circuit. 
With the gang approaching its maximum setting of 400 1,µ.F or more, however, C 
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1 is the main frequency determining component, as the total capacitance approaches 
50 µ,µ,F asymptotically. 

The value of C can be chosen to give continuous s!1ort-wave coverage with one 
international band at the low frequency end of each rangti, where the maximum band­
spreading is obtained. In this case C will have a capacitance of about 57 µ,µ,F for 
a typical tuning condenser. Alternatively the requirement might be a tuning rate 
at least as slow as that at the low frequency end of the broadcast band, in which case 
C will be 30 µ,µ,F, Padding for the oscillator circuit is obtained by using a smaller 
series condenser for the oscillator section of the gang, assuming that the oscillator 
operates at a higher frequency than the signal circuits. 

B + 
~IG, 35.10 

Fig. 35.9. Series-capaci- Fig. 35.10. Bandspread circuit to 
tor method of band.spreading. give linear scale. 

The system has the advantage of providing a high L/C ratio, owing to the small 
maximum tuning capacity, thus giving high gain, and microphony due to the tuning 
condenser is reduced or eliminated on the spread ranges because capacitance varia­
tions in the gang itself are minimized by the series condenser. The main disad­
vantages are the large number of inductors required-even when full advantage is 
made of tapped coils-if all short wave bands are to be covered, the unequal spread­
ing within the bands if a large amount of spreading is used, and the small parallel 
capacitances in the oscillator circuit even on the low frequency ranges, which makes 
difficult the stabilizing of the oscillator frequency as the valve warms up. 

The system just described gives its maximum spreading at the low frequency end 
of the band. An alternative circuit could be imagined in which no series capacitor 
was used, but a capacitor in parallel with the gang (say 100 ,.,,,.,.F) gave spreading at 
the high frequency end of the band. A combination of the two circuits (Fig 35.10) 
gives an almost linear spread over the whole tuning range when suitable components 
are used. 

For a case in which one short wave band is to be spread over the whole tuning 
range, typical values for the components in Fig. 35.10 are 

Tuning condenser 12 to 420 ,.,,,.,.F 
~ 00µ,~ 
C, 100 µ,µ.F 
~ 00µ,~ 
T 2 to 25 ,.,,,.,.F trimmer. 

These values give a tuning range slightly greater than 400 Kc/son the 31 metre band. 
Although different values of C, will obviously affect the tuning range, different bands 
can be tuned by altering its capacitance and if the oscillator is operated for example 
on the low frequency side of the 17 Mc/ s band, and on the high frequency side of 
the adjacent 15 Mc/s band, the difference in coverage is not serious. Higher fre­
quency bands can be tuned by substituting a smaller inductor, or by connecting 
another inductor in parallel with the tuned circuit. 

The unlimited spreading capabilities of the circuit of Fig. 35.10 allow a short-wave 
band of 200 Kc/s to be tuned over the whole dial scale. This is not advisable how­
ever, as the tuning becomes too slow, and a suitable minimum tuning range is about 
500 Kc/s. A good reason for restricting the tuning range is that a fixed tuned aerial 
circuit can be used without any serious loss in gain. The gain of an aerial circuit 
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with an effective Q of 50, tuned to the middle of a band 500 Kc/s wide and including 
the 15 Mc/s band, falls about 6 db between the centre point and the extremes of the 
band. 

With such a system spreading only the international bands, it may be advisable 
to provide one short wave band giving continuous coverage from 6 to 18 Mc/s, as 
many stations of interest are heard outside the bands. This is not a great disad­
vantage as the components used for continuous coverage can also be used for at least 
some of the spread ranges. 

Apart from the possibility of providing linear spreading up to any reasonable 
limit (and the consequent need for bandspreading for the oscillator circuit alone in a 
receiver without a r-f amplifier) the circuit has the advantage of preserving suitable 
LI C ratios while maintaining at all times a capacitance in parallel with the oscillator 
input large enough to minimize frequency dtift as the valve warms up. Capacitor 
C3 can be a temperature compensating condenser to improve the frequency stability. 

Microphony from the gang is completely eliminated because, with normal com­
ponent values, the tuning capacitance is only altered 10% as the gang is turned from 
maximum to minimum. 

An interesting image rejection circuit is given in Ref. 14(1) Its use is confined to 
bandspread receivers with a r-f stage and covering one short-wave band only on each 
band spread range, but image ratios from 35 to 50 db are claimed. Few additional 
components are required. 

SECTION 5 : A.C. OPERA TED RECEIVERS 

(i) Four valve receivers (ii) Five valve receivers (iii) Larger receivers (iv) Com­
munication receivers. 

(i) Four valve receivers* 
(A) T-R-F receivers 

Because it has no local oscillator coil or i-f transformer, the t-r-f receiver is the 
cheapest to build, but has a performance equivalent to its cost. Using modern valves 
a sensitivity of a few hundted microvolts can be obtained, or even better if some form 
of fixed regeneration is used and can be made effective over the whole tuning range, 
but the selectivity is in general insufficient to separate local stations if they are of high 
power or situated close to the receiver. 

The main application of t-r-f sets is in absolute minimum cost receivers which 
operate with 3 stages and a rectifier, although using only three or even two actual 
valve types. In such a case there is a resulting loss in sensitivity, which might then 
be no better than one millivolt. 

Volume controlling is most conveniently carried out by varying the bias of the r-f 
amplifier, and to ensure low minimum volume on strong local stations the aerial is 
sometimes wired to the control as in Fig. 35.11 so that it is earthed in the minimum 
volume position. 
(B) Superheterodyne with a-f amplifier 

An improvement in selectivity can be obtained by using the superheterodyne prin­
ciple even when no i-f amplifier is used. Such a receiver would have a converter 
followed by an i-ftransformer, a second detector, an a-f amplifier and an output valve. 
Detection can be by diode (included in an a-f valve), anode bend, or,leaky grid de­
tector with possible regeneration in the last case. Since the input to the detector is 
fixed tuned, pre-set regeneration can provide a constant and appreciable improve­
ment to both sensitivity and selectivity over the whole tuning range without the care 
which is needed in a t-r-f receiver. 

Selectivity is improved since there are three tuned circuits, two of which are fixed 
tuned and give constant selectivity over the band. 

*Le. three amplifying stages and rec.'tifier. 
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(C) Superheterodyne with i-f amplifier 
The majority of three valve and rectifier receivers are superheterodynes with an 

i-f amplifier, in which selectivity can be made as good as required. Sensitivity too, 
while presenting some problems, can usually be made adequate, i.e. less than one 
hundred microvolts and, in extreme cases, less than fifteen microvolts on the medium 
wave band. 

Three types of second detectors have been used, power grid, anode bend (each 
carried out by the output valve) and diode, although diodes are now used universally. 
The power grid detector had the disadvantage of high plate dissipation when no signal 
was being received, and the anode bend had somewhat higher distortion and needed a 
very high impedance plate load. The maximum power output when the output 
valve is detecting is of course seriously reduced. The diodes can be combined with 
the i-f amplifier or with the output valve, and one receiver has been marketed in which 
the suppressor grid of the i-f amplifier was used as a diode. 

rn;. Js. ,2 

FIG, 35,11 

~ -:- -:-

-:-

Fig. 35.11. Volume- + e -

cantral circuit used with Fig. 35.12. A.V.C. circuit suitable far 3/4 valve 
t-r-f receivers. receiver. 

Volume controlling is carried out by manual control of converter and i-f bias or 
by a.v.c. and an a-fvolume control, The design of a.v.c. circuits for low gain receivers 
without an a-f amplifier presents some problems since they must be cheap, and must 
give full a-f output with the smallest possible input, which prohibits the use of full, 
simple a.v.c. as commonly used in cheap receivers with an a-f amplifier. On the 
other hand the low sensitivity means that the required range of a.v.c. control is less 
than normal and advantage is taken of this in the usual a.v.c. circuit which is shown 
in Fig. 35.12. 

This circuit needs only one more resistor (R1) than the simplest possible circuit, 
and R, and R 2 form a voltage divider so that only a fraction of the voltage developed 
across the diode load is applied to the grids of the controlled stages. The most 
suitable fraction depends on the initial sensitivity and the valves used, but values of 
one third to one fifth are common. Two details need care, the negative voltage 
applied to the diode must be kept to a minimum, to reduce distortion and to prevent 
the diode from being muted in the absence of a signal and the a.c. shunting on the 
diode load must be as small as possible. Large values for R 1 and R2 fulfil both 
requirements and minimum values can be taken as 1 megohm and 2 megohms respec­
tively. With the normal value of 0.5 megohm diode load the bias on the diode is 
less than i volt, and the shunting 1-educes the a.c./d.c. ratio to 0.8. Better values to 
give almost the same ratio would be 2 megohms and 5 megohms (0.2 volt bias on 
diode ; a.c./d.c. ratio = 0.9). 

The use of only part of the developed voltage allows the output to rise rapidly 
with increasing input, which is an advantage for small signals, but there is little flatten­
ing of the characteristic with larger inputs. 

For a slight increase in cost, delayed a.v.c. can be used and this will give the most 
rapid rise in output with increasing input, followed by a flat output-input characteris­
tic. A suitable circuit is the " sinking diode " type shown in Fig. 27.38B, and pro­
vided that an additional diode is available the increase in cost is slight. 
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With manual volume control the circuit of Fig. 35.1 I is usually employed. How­
ever if the B supply voltage is low, the signal handling capabilities of the i-f valve 
are reduced (owing to the reduced plate-cathode voltage) when a strong signal is 
tuned in, the volume control is turned back and the cathode voltage of the controlled 
valves thus increased. This objection can be overcome by using a negative voltage 
applied to the grids of the controlled stages. One method of obtaining the negative 
voltage is to connect the power supply filter in the negative lead and use the d.c. 
voltage generated across it. Some decoupling is necessary, but one stage is sufficient 
as high value resistors can be used. 

A secom:i method of obtaining a suitable negative voltage is to use the volume con­
trol resistor as, or in parallel with, the oscillator grid leak (with suitable decoupling). 
Oscillator grid current must be kept as constant as possible throughout the tuning 
range when this is done. 

Three valve and rectifier receivers with an i-f stage and using i-f transformers with 
a Q of about 115 and good aerial coils are capable of producing sensitivity figures of 
the order of 15 µ.Von the medium wave band when the most suitable commercial 
valve types are used. This sensitivity is ample for almost any listening conditions 
providing full volume is not required from very weak signals. In fact, successful 
dual-wave receivers giving short wave sensitivities not worse than 50 µ.V have been 
made with such a circuit. 

(D) Superheterodyne with reflexing 
Reflexing in a three valve and rectifier superheterodyne receiver provides enough 

a-f gain to allow full simple a.v.c. to be used, and to allow good short wave performance 
to be obtained. The additional problems involved are discussed in Chapter 28. 

A convenient a.v.c. circuit consists of full a.v.c. voltage applied to both converter 
and reflexed i-f amplifier, which can give a very flat a.v.c. characteristic. An a.v.c. 
circuit in which control is applied only to stages before the a.v.c. detector, can never 
give a completely flat output curve, because some rise is necessary to provide the 
additional bias needed to reduce the output as the input signal is increased. Such 
a circuit is a "backward acting" a.v.c. circuit. 

A "forward acting" a.v.c. circuit is one in which the developed a.v.c. voltage is 
applied to a stage after the detector, and with such a circuit the output voltage may 
even fall with increasing input. The reason is that although the detector output 
must rise as in the previous case, the gain after the detector will fall, and the net result 
may be an increase or a decrease or a flat characteristic depending on the constants 
used. 

In a reflex receiver the application of a.v.c. to the reflexed stage c·ntrols the mutual 
conductance of the valve and thus its gain at intermediate and at audio frequencies. 
As the a-f gain follows the detector the a.v.c. system is a forward acting one. 

Alternative a.v.c. designs in a reflex receiver may use full a.v.c. on the converter 
and a fraction or none on the reflexed stage. 

The increased a-f gain makes it possible to use inverse feedback, frequency com­
pensated or otherwise, in the a-f amplifier, and resistive feedback into the bottom of 
the volume control (see Sect. 3(iii) of this chapter) is useful in reducing minimum 
volume. 

The combination of audio a.v.c. and negative feedback (particularly when fre­
quency compensated) is not always advisable, either in reflex receivers or in larger 
types in which a.v.c. may be applied to a yalve acting only as an a-f amplifier. Since 
the purpose of the a.v.c. is to vary the gain of the stage, and one of the functions of 
negative feedback is to minimize any changes within the loop, the two effects oppose 
each other. This is not undesirable in itself, but the result is that on strong signals, 
such as local stations, the a-f gain is reduced and the feedback is consequently reduced 
so that the full effects of distortion reduction are not obtained. When the feedback 
incorporates frequency compensation the result is that weak stations receive maxi­
mum compensation and local stations a reduced amount, which is the reverse of the 
normal requirement. 
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Advantage has been taken of this effect in a receiver having one a-f stage with 
deliberately attenuated high and low frequency response. Audio a.v.c. was applied 
to this stage so that on strong stations no attenuation resulted----slight high and low 
frequency boosts were incorporated elsewhere in the a-f circuit~whereas on weak 
stations considerable treble and bass cutting was automatically introduced, giving 
a very effective automatic tone control. Suitable treble cutting for such a circuit 
could be by means of a small capacitor between plate and grid of the controlled stage, 
and bass cutting could be brought about by a small value of screen by-pass in a pen­
tode. 

In conjunction with a pick-up of good sensitivity a reflexed three valve receiver 
can reproduce gramophone records without added circuit complications. 

The most common type of reflexing has the a-f and i-f signals applied to the con­
trol grid, with the load for each in the plate circuit. Another type which has been 
used has the two signals applied to the control grid with the i-f load in the plate cir­
cuit and using the screen dropping resistor as the a-f load, with an i-f by-pass from 
screen to ground. The a-f path to the grid of the output valve is provided by means 
of a normal grid coupling capacitor. 

Since the a-f gain available from a reflex stage is comparatively small if the i-f 
operation is to be satisfactory, the reduced amplification between control grid and 
screen grid may be more than offset by the increased a-f load resistor which can be 
used and by the fact that proper i-f by-passing can be used on the cold side of the i-f 
transformer in the plate circuit. 

(ii) Five valve receivers* 
General comparison of types 

The three valve receiver using a converter, an i-f amplifier and an output valve can 
be considered to be the smallest conventional superheterodyne receiver, and a valve 
can be added to it in three ways, as an a-f amplifier, an i-f amplifie1 or a r-f amplifier. 
Three very ditterent types of receivers result, and the comparison serves to show the 
main ways in which the conventional 4 valve receiver with a-f amplifier can be im­
proved. 

The table below lists the order of preference for each type of receiver against a 
variety of headings. 

Additional stage 

Cost 
Sensitivity 
Selectivity 
A-F Response 
A.V.C. 
Stability 
Noise 
Spurious Responses 

A-F 

1 
2 
3 
1 
3 
2 
3 
2 

1-F 

2 
1 
1 
2 
1 
1 
2 
3 

R-F 

3 
3 
2 
2 
2 
2 
1 
l 

The names " a-f receiver," " i-f receiver " or " r-f receiver " are used to identify 
a receiver with such an additional stage. 

Although the performance of the a-f receiver can be improved upon in many ways, 
its characteristics can be satisfactory, as .evidenced by the fact that the g~eat majority 
of five valve receivers are built in this form. Since most receivers are tuned only 
to local stations, the advantages of the i-f and r-f types would rarely be displayed, 
and their additional cost might be more profitably used on a refinement on an a-f 
receiver such as a tuning indicator, bandspread ranges, or a better loudspeaker, 
cabinet or a-f system. 

•i.e. four amplifying stages and rectifier. 
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(ill) Larger receivers 
The conventional six valve receiver• has r-fi converteri i-f,detector, a·f and output 

stages, but although the stage usually added to the conventional four valve and 
rectifier receiver is a r-f one with advantages outlined in the previous section, the 
customer usually expects improvements in all features of the receiver's performance. 
To the average listener an improvement in fidelity is more noticeable than, for ex­
ample, a reduction in image response, and it seems probable that the public would in 
most cases be better served with a six valve receiver with push-pull output rather 
than by a single ended receiver with a r-f stage. 

Whether or not push-pull is used, some improvement in a-f response is required, 
for instance an increase in acoustical output, in conjunction with a suitable negative 
feedback circuit to give a reduction in distortion and a compensated frequency res­
ponse. 

A valve delivering more than four watts into an efficient output transformer and a 
sensitive loudspeaker can produce a considerable volume of noise but, even without 
push-pull, impressive reproduction can be obtained from the larger tetrodes and 
pentodes which draw between 70 and 80 rnA of plate current. 

The additional selectivity provided by a r-f amplifier with a high Q coil is appreci­
able and gives e,.:n more sideband cutting than is experienced with the usual 4 valve 
and rectifier receiver, particularly at the low frequency end of the broadcast band. 
As a result the high frequency response of the larger receiver may be inferior and, in 
fact, inadequate. The remedy of expanding the selectivity can be quite inexpensive, 
particularly if a " local broadcast " position is used on the wave change switch, or if 
one position on a tone control switch is used. Push-button receivers can have one 
button set aside for expanding the selectivity, which has the additional advantage 
of minimizing the result of frequency drift of the settings of the other push buttons. 

Expanding of the i-f selectivity can be carried out simply and cheaply as described 
in Chapter 11 Sect. 3(iii), and the wiring is not critical because all leads have a low 
impedance to ground. It is only necessary to expand the first i-f transformer in a 
conventional single i-f stage receiver with an untapped second i-f transformer because 
the heavy damping on the second i-f reduces its selectivity appreciably from that of 

• the less heavily damped first i-f transformer. 
After the i-f amplifier has been expanded to give say 6 db attenuation at 8 Kc/s 

detuning, it may be found that t.he overall selectivity for small attenuations is still 
excessive., and the remedy is to expand the r-f stage. The damping of the aerial on 
the aerial secondary makes it unnecessary to expand the aerial coil: A convenient 
method of decreasing the r-f coil selectivity is to switch a small resistor (25 ohm carbon) 
in series with the cold end of the secondary. Gain is not seriously reduced, and the 
leads involved are low impedance so that they can be taken to the appropriate switch 
section without giving trouble. 

After the high frequency response has been brought up to the required level, the 
small expense involved in fitting a high frequency diffuser is well repaid. With 
such a diffuser, the quality of reproduction becomes reasonably independent of the 
listener's position in front of the receiver, and the usual beam of accentuated high 
frequency response directly in front of the loudspeaker disappears. 

(iv) Communication receivers 
(A) Definition 

A communication receiver has been defined (Ref. 33) as one which is not designed 
for limited or specific purposes. In some respects a communication type may be 
inferior to another receiver (perhaps an interception receiver to operate on a fixed 
frequency) in a particular application, but in general it has high performance and 
flexibility. Control of many of the circuits is available to the operator, of whom some 
technical knowledge is required. 
(B) Frequency coverage and calibration 

Communication receivers have been designed to provide coverage between 15 Kc/s 
and 25 Mc/s and between 30 and 300 Meis, b'.lt many do not tune above 

*i.e. five amplifying stages and rectifier. 
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30 Mc/ s or below 540 Kc/ s. Provision for reception of F-M broadcasting on 88-, 11)8 
Mc/s is included in some models. 

Owing to the wide range of frequencies covered, the calibration of a communicafion 
rooeiver is imponant, and increasing emphasis is being placed on the inclusion of 
facilities for calibration checking and even on the possibility of the receiver being 
tuned to any given channel in its range without external aids. 

An inbuilt crystal oscillator is the usual method of checking calibrations, and when 
the oscillator operates at 0.5 or 1.0 Mc/s, convenient checking points occur throughout 
the tuning range. Movable cursors have been used with receivers of this kind to 
allow corrections to be made to the calibration when found necessary. Figure 35.13 
(British patent No. 8706/44) shows a simple circuit to increase the amplitude of the 
higher harmonics of the oscillator output up to the self-resonant frequency of the choke 
L. The choke is designed to keep the harmonic output as constant as possible 
throughout the tuning range of the receiver. Such an inbuilt calibrator can be very 
useful in the alignment of the receiver. A possible refinement is the modulation of 
the oscillator output by pulsing with a neon tube, or even by the mains frequency, for 
ease of identification. 

Fig. 35.13. Circuit for increasing am­
plitude of high-order oscillator har­

monics (from Ref. 33). 

FIG. 35, 13 

1-tormonic 
Output 

B+ 

For the second requirement of setting the receiver accurately to any desired fre­
quency, a crystal oscillator and its harmonics are used as a part of the mixer input, 
and tuning is provided by a comparatively low frequency oscillator which bridges the 
spaces between the harmonics of the crystal. The variable oscillator can be designed 
to operate at a low frequency and to have high stability, any residual fluctuations 
being a much smaller proportion of the total mixing frequency than of the variable 
oscillator frequency. 

To minimize the possibility of incorrect frequency settings, some receivers have 
sliding dial scales which expose only the calibration actually in use. Where high 
setting accuracy is required the frequency may be displayed as the sum of two readings, 
one in Mc/sand the other in Kc/s. 

(C) Bandchanging 
Methods of bandchanging can be divided into three main categories, mechanically 

operated moving coils with stationary contacts, plug-in coils and switched coils. 
The most common form of moving coil arrangement uses a rotating turret with the 
c:oils inside it, but moving platforms which travel along the chassis have also been 
used. Particularly when high frequencies are tuned, the contacts for the moving coils 
11resent a problem as the inductance of the contacts can form a large pan of the re­
quired inductance-with consequent loss of gain-and the inductance may vary each 
time a panicular band is brought into circuit or when the receiver is subjected to 
mechanical movement. 

Plug-in coils can be efficient as they do away with the need for a wavechange switch 
--each plug-in unit can even carry its own calibration-but the necessity for grouping 
the coils adjacent to an opening in the case restricts the layout somewhat. Storage 
must be provided for the unused coil units close to the receiver. 

Switched coils are most commonly used and the main associated problem is the dis­
posing of a number of coils adjacent to each switch. The switches need to be reliable, 
but modem types using rhodium plating properly applied are satisfactory. 
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(D) Stability 
Many stability problems are automatically eliminated by the use of suitable circuits, 

e.g. crystal controlled oscillators. Methods of improving electrical stability are out­
lined in Chapter 24 Sect. 5. However mechanical stability is a first requirement and 
the tuning units at least should be made as rigid as possible, some receivers even using 
a cast chassis with this end in view. 

(E) Sensitivity and noise 
Owing to the number of stages used, the sensitivity is always limited by the noise 

in the first stages of a receiver. This is taken into account in one method of measure­
ment by defining sensitivity as the lowest intensity of an input r-f carrier modulated 
at 400 cycles to a depth of30% such that the total r.m.s. output power (signal and noise) 
is halved when the modulation is removed from the input carrier. Such a definition 
of sensitivity gives a good indication of the minimum signal which can be used and 
figures of the order of one micro-volt and better can be obtained. 

Another method of defining the noise ratio is by comparing it with the signal-to­
noise ratio of an ideal receiver under the same conditions. The factor by which the 
noise ratio of an actual receiver is worse than that of an ideal receiver is known as its 
noise factor. Further details of this method of noise measurement are given in Chapter 
37 Sect. l(vi)G. 
(F) Selectivity 

The selectivity requirements of a communication receiver are severe and depend 
on the type of service for which the receiver is being used. For telephony the band­
width cannot be less than about 5 Kc/s at 10 db attenuation, whereas for telegraphy 
a bandwidth of a few hundred cycles per second is sufficient while greater bandwidths 
give increased noise interference. 

These requirements can only be met by variable selectivity under the control of 
the operator, and a good receiver will usually have at least six i-ftuned circuits to pro­
vide adequate " skirt " selectivity, with a crystal filter providing varying degrees of 
" nose " selectivity perhaps together with a variable rejection control for dealing with 
an interfering station on a nearby frequency. A representative crystal circuit 
will give an attenuation of 20 db when detuned 200 c/s in its sharpest position and 2000 
c/s in its broadest position. With a rejection or "phasing" control in use, an at­
tenuation in excess of 40 db can be obtained within 250 c/s of resonance. The as­
sociated i-f amplifier will give an attenuation of 60 db when detuned less than 15 Kc/s. 
Crystal bandpass filters are becoming increasingly popular and they provide a pass 
band of say 300 or 3000 c/s with severe symmetrical attenuation on each side. De­
tails on the design of variable selectivity crystal filters are given in Chapter 26 Sect. 6. 

An additional means of discriminating between a desired telegraphy signal and an 
undesired one separated by perhaps only a few hundred cycles per second, is the use 
of a-f selectivity. A typical selective circuit centred on 1000 c/s gives an attenuation 
of 15 to 20 db only 100 c/s from resonance and of course much greater reductions 
with greater separation. Apart from discrimination against undesired signals, such 
a circuit reduces random noise in the same ratio as it reduces the bandwidth, and the 
ringing which is experienced with crystals at maximum selectivity when subjected 
to bursts of noise is eliminated. 

Such selective a-f circuits are normally designed with iron-cored inductors because 
maximum Q is required, but it may be possible to produce equivalent or improved 
performance with a bridged T negative feedback circuit. 

(G) Volume control and a.v.c. 
Volume control presents some problems because the range of signal levels which 

the receiver is expected to use exceeds one million to one, and because different types 
of control are required for different functions of the receiver. For reception of 
telegraphy many operators prefer a manual control and some receivers provide separate 
controls for a-f gain and i-f gain ; even separate r-f gain is sometimes provided. 
A convenient compromise which obtains good results from the receiver and requires 
no care on the part of the operator is to gang the a-f and r-f controls and delay the 
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application of bias to the first stage by means of a diode as discussed in Chapter 27 
Sect. 3(iii). The r-f control is rendered ineffective when a.v.c. is switched on, and 
the a.v.c. voltages can be applied to the r-f control circuit. 

A.V.C. is frequently used for c.w. reception when a suitable time constant is pro­
vided. For telephony a normal time constant is 0.2 second but this needs to be 
increased to at least 1 second for c.w. 

Amplified a.v.c. is used in most large communication receivers to provide maximum 
control, and results such as a 2¼ db increase in output for a 100 db increase in input 
can be obtained (Ref. 34). Control should begin at the minimum signal level which 
can be used by the operator. 
(H) Beat frequency oscillator 

To produce an a-f output from a c.w. signal it is necessary to beat another signal 
with it. The beat frequency oscillator operates at, or close to, the intermediate fre­
quency and beats with any signal in the i-f channel. The oscillator frequency can 
usually be varied a small amount(± 2¼ Kc/s is typical) by a control on the front 
panel to allow adjustment of the beat frequency (perhaps to the peak of the a-f res­
ponse) without detuning the signal from the peak of the i-f circuits. 

The required amount and method of B.F.O. injection need some consideration. 
Sensitivity is lost if the B.F.O. amplitude at the second detector is too small, but when 
the coupling is increased a large input signal pulls the B.F.0. into zero beat from in­
creasing frequency separations. Pulling into zero beat from a difference frequency 
of the order of 1000 c/s is not uncommon in bad cases. Another effect of too much 
B.F.O. injection is that the B.F.O. provides a signal at the second detector large 
enough to generate appreciable a.v.c. voltages and so reduce the sensitivity of the re­
ceiver even without an external signal. 

Pulling can be minimized by electron coupling of the B.F.O. into the i-f channel, 
and with careful control of the amount of beat frequency voltage it is possible to 
obtain adequate injection without appreciable a.v.c. sensitivity reduction. 
(I) Signal strength meter (S meter) 

Many receivers use a calibrated meter to indicate the strength of signals tuned. 
The calibration is usually arbitrary (Sl to S9 for example) because the variation of 
receiver sensitivity across the various bands, and on different bands, makes an absolute 
calibration impossible. If this effect, and the varying efficiency of different aerials 
on different frequencies are borne in mind, the S meter can be a useful reference. 

Circuits have been devised (Ref. 34) in which the S meter operates in conjunction 
with the manual volume control to provide signal strength indications on all types of 
reception, with or without the beat oscillator 

The usefulness of the meter can be greatly increased by providing a switch which 
allows appropriate currents and voltages throughout the receiver to be measured. 
(J) Aerial input 

To allow maximum efficiency to be obtained from different aerial systems, pro­
vision is often made for different types of aerial inputs, such as a single wire with 
separate earth connection, a balanced two wire feeder or a low impedance concentric 
cable. 

An aerial trimmer on the front panel is very desirable when a variety of aerial inputs 
is provided. Even with a single wire aerial the changes of impedance throughout 
the short wave ranges allow considerable improvements in sensitivity and signal-to­
noise ratio to be obtained by the use of an aerial trimmer, and aerial coil design is not 
restricted so greatly by the possibilities of mistracking. 

An analysis of the effects on signal-to-noise ratio of the ratio of feeder impedance 
to receiver input impedance with various detuning ratios is given in Ref. 33. 
(K) Noise (crash) limiters 

These are commonly fitted to communication receivers. Details of the many 
varieties will be found in Chapter 16 Sect. 7 and Chapter 27 Sect. 5. 
(L) Diversity reception 

Provision for diversity reception is sometimes incorporated in communication 
receivers by providing facilities for combining the a.v.c. voltages and outputs of the 
individual receivers. 
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Another requirement for diversity receivers is that oscillator reradiation should 
be kept to a minimum. This can be done by using the lowest possible oscillator 
grid current, by earthing the whole oscillator circuit at one point and treating other 
amplifier circuits between oscillator and aerial in the same way, by reducing to a 
minimum capadtance couplings between primaries and secondaries of signal frequency 
coils (this includes using high impedance externally wound primaries wherever pos­
sible) and by minimizing all couplings other than the coils between the signal fre­
quency and oscillator stages. The tuning condenser rotor shaft is the worst of such 
couplings and a rotor shaft insulated between sections is very desirable. If this is 
not possible, low impedance earthing should be provided for the rotor shaft and gang 
framework between each section. 

(M) Cross-modulation 
Communication receivers are frequently used close to a transmitter and may be 

required to receive another station while the transmitter is in operation. Under 
such conditions the cross-modulation characteristics of a receiver may be of more 
importance than its signal-to-noise ratio or sensitivity (Ref. 33). 

A system known as counter-modulation has been used to allow receivers to operate 
more satisfactorily in the presence of very strong signals. The cathode resistor of 
the first valve in the receiver is by-passed to radio, but not to audio, frequencies, so 
that a-f components due to cross-modulation appear across it. The value of the re­
sistor is adjusted so that the a-f voltages developed are sufficient to remodulate the 
wanted carrier. with signals approximately equal and opposite in phase to the original 
cross-modulation. Correct bias for the valve is obtained by applying a suitable voltage 
to its grid. 

Funher improvement can be obtained by operating the first valve solely to give 
minimum cross-modulation and substantial improvements can be obtained for slight 
reductions in signal-to-noise ratio. 

The possibility of cross-modulation occurring in non-linear conductors close to the 
receiver should not be overlooked (Ref. 3). 

SECTION 6 : A.C./D.C. RECEIVERS 

(i) Series-resistor operation (ii) Barretter operation (iii) Dial lamps (it>) Mis­
cellaneous features. 

(i) Series-resistor operation 
A receiver for use with d.c. supply cannot use a power transformer with low and 

high voltage windings, and some of the main problems in designing such a receiver 
are concerned with providing power for the comparatively low voltage valve he11ters. 

The problems are partly due to the non-linear relationship betw~en voltage and 
current in a valve heater (owing to the increased resistance of the wire as the heater 
warms up) and Fig. 35.14 shows this relationship for a normal 6.3 'V 0.3 A heater 
and for a 21 ohm resistor which draws the same current with 6,3 volts applied to it. 
It will be seen that with the normal heater a 10% variation in applied voltage gives 
approximately 6% increase in current. 

In a.c./d.c. receivers, power is supplied to the heaters by connecting them in series 
across the mains, with or without an additional series impedance. When the sum of 
the required heater voltages is equal to the mains voltage the method is as satisfactory 
as when a power transformer is used, but when a series resistor is used, a variation 
of the mains voltage results in a larger percentage variation of the voltage across the 
heaters. 

This effect is illustrated in Fig. 35.15 Curve ABC represents the current voltage 
characteristic of a string of heaters used in a radio receiver. The rated operating 
voltage is 108 for a nominal current of 150 mA, and a series resistor of 880 ohms is 
used to give the required voltage drop with a 240 volt mains supply. The inter­
section of the line with a slope of 880 ohms, and the current~voltage characteristic of 
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the heaters, is point B, the operating point under normal conditions. Now if the 
mains voltage is increased 10% to 264 volts the slope of the resistive line is un­
changed and it intercepts the curve at point C. A vertical from C cuts the base line 
at Y, representing a voltage of 123, and an increase of 15 volts, i.e. 14% in the voltage 
applied to the heaters. Similarly a decrease of 10% in the mains voltage gives more 
than 10% decrease in the voltage applied to the heaters. 

Because of this fact, it is necessary to provide more tappings on a series dropping 
resistor for various primary voltages than would otherwise be the case. Variations 
in supply voltages around the nominal value must be taken into account, in conjunc­
tion with the manufacturer's tolerance on the valve heaters. For American types 
this tolerance is usually taken as ± 10% of the rated voltage, but other tolerances are 
also used, and some types have a tolerance on the permissible current variation. 

When the dropping resistor is designed for one primary voltage only, it often takes 
the form of resistance in the power lead. This has the advantage of dissipating the 
heat outside of the oi!.inet. However if a receiver was originally designed for 115 
volt operation and is converted for 230 volt operation by means of a series resistor, 
the B + voltage is liable to be reduced by this method (Ref. 36). The reason is that 
the value of the series resistor must be adjusted to give the correct average heater 
voltage (or current) but the rectifier draws its current in pulses and these pulses 
flowing through the series resistance decrease the applied voltage during the time the 
rectifier is drawing current. This gives a decrease in the d.c. output of the rectifier, 
which in a severe case might amount to 30 volts in 110. Methods of providing 
separate voltage dropping impedances for the heaters and rectifier which are suitable 
for use on both a.c. and d.c. are given in Ref. 36. Whete voltage dropping of this 
type is required on a.c. only, a series condenser of the correct impedance can be used 
in series with the power lead (Ref. 42) provided that an adequate voltage rating is 
specified. 

(ii) Barretter operation 
A barretter is a device which passes a substantially constant current as the applied 

voltage varies within the operating range-see Chapter 33 Sect. l(i) and Fig. 33.l. 
The heat dissipation of a barretter is appreciable, and as most of the heat should be 

carried away by convection, ample ventilation is needed. This is necessary both 
for the barretter and for the whole receiver, if it is a small one, to prevent the cabinet 
from becoming unduly hot, The same problem exists, of course, if a series resistor 
is used. 

Apart from eliminating the effects of mains voltage fluctuations on filament current, 
a barretter does away with the need for changing tappings with different supply 
voltages over a range covered by the operatin~ characteristics of the barretter. When 
a receiver is switched on, the initial current surge is limited by the barretter, which 
has the effect of noticeably increasing the time taken for the receiver to begin playing. 
The limitation of the surge is of no particular value to the valves themselves but may 
reduce dial light overloading in some circuits. 

Since the barretter contains an iron wire carrying an alternating current it is sus­
ceptible to magnetic fields, which cause the filament to vibrate. The vibration leads 
to mechanical fatigue and breakage and if the barretter cannot be located at some 
distance from the loudspeaker, a magnetic shield must be used- preferably one which 
interferes with ventilation as little as possible. 

(iii) Dial lamps 
The protection of dial lamps from surges when the receiver is first switched on is 

one of the problems of a.c./d.c. receivers. If a 0.15 A dial lamp were connected in 
series with an appropriate number of 0.15 A valve heaters across the mains, the high 
c-urrent (several times greater than 0.15 A) drawn by the heaters for some seconds 
each time the receiver was switched on would drastically reduce the life of the dial 
lamp. If a series resistor were used the surge would be reduced, but not sufficiently, 
and even if a barretter replaced the resistor the dial lamp would be overloaded before 
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the barretter filament reached its operating temperature. The use of a dial lamp 
of higher current rating than the valve heaters is a possible method of operation. 
Some manufacturers have produced special lamps for series running. Nevertheless 
in each of these cases the failure of the dial lamp would remove the voltage from the 
valve heaters and stop the receiver. 

One method of avoiding this trouble is to use a negative coefficient resistor (Thermis­
tor) in series with the valve heaters-see page 190 (n). 

A system in which both heater current and high tension supply current are used is 
given in Fig. 35.17. Special rectifier valves (e.g. 3525-GT) have been produced 
for use in such circuits, and the initial surge is offset by the fact that unt.il the rectifier 
heater reaches its operating temperature the high tension component of the dial lamp 
current does not flow. No. 40 or No. 47 dial lamps (0.15 amp) should be used, and 
when the rectified current exceeds 60 mA a shunting resistor (R, in Fig. 35.17) is 
required, its value being 300, 150 and 100 ohms for rectified currents of 70, 80 and 
90 mA respectively. 

A,C. 
LINE 

t 
o.c. 

OUT~UT 

FKl, 35,17 

Fig. 35.17. Circuit using 35Z5-GT and 
dial lamp. The drop across R and all 
heaters (uith panel lamp) should equal 117 
volts at 0.15 ampere. Rs = shunting 
resistor required when d.c. output current 

exceeds 60 mA. 

Other rectifiers making similar provision for a pilot lamp are the miniature 35W4 
and the 4525-GT. 

The trend in small ~.c./d.c. receivers is to use a simple dial without a lamp, and 
thus entirely avoid the use of the troublesome light source. 

(iv) Miscellaneous features 
(A) Rectifier 

Since there is no centre-tapped source of high voltage a.c. in an a.c./d.c. receiver 
it is not possible to use a normal full wave rectifier. Bridge rectifiers or voltage 
doublers are possible but half wave rectifiers are most commonly used. They intro­
duce some filtering problems since the frequency of the ripple in the output is one 
half of that from a full wave rectifier. To give the same electrical attenuation, filter 
capacitors and inductors would need to be increased in size, but speaker inefficiency 
and the poorer response of the ear at the lower frequency help in minimizing the 
effects of higher hum level. 

When the receiver is operating on d.c., the rectifier acts only as a series impedance 
but serves a useful purpose in protecting the electrolytic filter condensers from damage 
if the mains connection is reversed in polarity, although the receiver will not operate 
under these conditions. 

The high tension voltage is likely to be different with a.c. or d.c. mains of the same 
rated voltage. The reason is that on a.c. the peak voltage applied to the rectifier is 
;/2 times the rated r.m.s. voltage and with small to medium loads and a large input 
condenser for the rectifier the d.c. output voltage will exceed the r.m.s. value of the 
a.c. input. 

Modulation hum is frequently experienced in a.c./d.c. receivers operating on a.c. 
due to the presence of r-f signals in the mains, and to the direct connection of the 
rectifier to the mains. A suitable filter in the mains lead will stop the modulation 
hum, and any interference coming from tire mains., but a satisfactory cure for the 
hum alone is a small (1000 µ.µ.F) mica condenser connected between plate and cathode 
of the rectifier. 
(B) Valve order 

When the valve heaters are wired in series and connected across the mains the 
potential between heater and cathode of a,ny valve will be dependent on its position 
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in the string. Each valve must be placed so that the maximum heater-cathode poten­
tial specified by the valve manufacturers is not exceeded, and also so that the potential 
is not great enough to introduce hum into the receiver output. 

The position of a valve in the circuit determines its susceptibility to hum pick-up, 
and an a-f amplifier is generally the most critical The usual wiring order, starting 
from the grounded end is second detector and first a-f amplifier, converter, r-f am­
plifier, i-f amplifier, output valve, rectifier. The converter is kept as close to ground 
as possible to avoid modulation hum. It will be found that allowable maximum 
heater-cathode potentials (90 V max. design centre for American amplifying valves) 
always allow this order, which is the best for modulation hum, to be used. 

( C) Earth connection 
Two main types of a.c./d.c. receivers are produced, one with one side of the mains 

directly connected to the chassis, and the other with mains wiring connected to an 
earth bus which is by-passed to the chassis proper with a suitable capacitor, perhaps 
shunted by a high value resistor. 

The first type of receiver has fewer design difficulties .but does not comply with 
the safety requirements in some countries, e.g. the Radio Code of the Standards 
Association of Australia (AS.S. No. C.69-1937) states: V.7 (f) (ii) "Power units 
and sets of the transformerless type shall have the live parts of the inner structure 
isolated from the case or frame by an isolating condenser or other approved means, 
which shall not be capable of passing a current exceeding 5 milliamperes to case or 
frame when the full rated voltage is applied in the normal manner of operation." 

The main trouble encountered with the other type of a.c./d.c. receiver is instability 
due to impedance between the earthed bus and the chassis proper, the impedance 
being made up of the reactance of the by-pass capacitor and the inductance of its 
leads. This impedance can be reduced to a low value by making up a unit consisting 
of an inductor wound on the body of the capacitor, the two being connected in series 
and resonated at the intermediate frequency, at which most amplification occurs. 

Many cases of instability need individual treatment and it often becomes necessary 
to return particular circuits (e.g. the cathode by-pass of the i-f amplifier) to the chassis 
through a series tuned circuit instead of to the negative bus. 

To avoid modulation and other types of hum it may be helpful to use back-bias 
for amplifying valves so that the cathodes can be directly grounded. This avoids 
the possibility of hum voltages appearing between cathode and ground. 

Where there is any possibility of interconnection of two or more a.c./d.c. units, 
such as for instance a radio tuner and a separate public address amplifier, it is essential 
that the mains be isolated from the chassis. 

SECTION 7 : BATTERY OPERA TED RECEIVERS 
(i) General features (ii) Vibrator-operated receivers (iii) Characteris'tics of dry 

batteries. 

(i) General features 
Most battery operated receivers are used in locations where signal strengths are 

low, and the main requirements are therefore high sensitivity and low noise. The 
cost of power obtained from batteries is high and every effort is made in the design 
of battery receivers to keep the current drain to a minimum. This is done by reducing 
the a-f power output considerably from that available in an a.c. receiv'lr and by using 
high Q aerial and i-f coils so that high gain can be obtained without operating the 
valves at their maximum ratings. Many receivers have an economy switch which 
reduces battery drain by decreasing the screen voltage on the i-f and output valves 
or by other means. The reduced power output and sensitivity are still adequate 
for most uses. 

The mutual conductance of battery valves is lower than that of corresponding a.c. 
types to such an extent that although the smallest a.c. receivers in general use have 
three valves and a rectifier, the smallest battery sets need four amplifying valves to 
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obtain similar sensitivities. The four types arr a converter, an i-f amplifier, an a-f 
amplifier and an output valve. The i-f output is severely limited by the low plate 
voltage on the last i-f valve-about 84 volts with fresh batteries in a typical modem 
receiver--and an a-f amplifier is needed to obtain sufficient a-f voltage to drive the 
output valve. 

The more general type of battery receiver has five valves and uses the additional 
valve as a r-f or second i-f amplifier. On the broadcast band sensitivities of the order 
of I µ, V are readily available in each case, and if a high gain aerial coil is used there 
is not a great deal of difference in signal-to-noise ratio. On the short-wave band the 
r-f stage receiver is noticeably quieter but the average sensitivity at 6 Mc/s may be 
of the order of 25 µ.V, against perhaps 10 µ,V for the receiver with an additional i-f 
stage. 

Because of the low i-f plate voltage the signal handling capacity of battery operated 
receivers is limited, and taken in conjunction with the requirement for high initial 
sensitivity, this means that a normal battery receiver overloads with a comparatively 
small r-f signal applied. Nevertheless the conditions of use are such that large inputs 
are not usual, and a receiver which will not distort seriously with an input of 0.1 volt 
·wm give satisfactory service in almost all locations. 

There is usually only one diode available in a battery receiver, and this severely 
restricts the a.v.c. design as it makes delayed a.v.c. impossible. The most satis­
factory compromise is probably to apply a fraction (say one third) of the developed 
a.v .c. voltage to the first and last controlled stages (unless the first valve is a r-f am­
plifier which may take full a.v.c. without increased signal-to-noise ratio) and full 
a.v.c. to the intermediate one. The small amount of a.v.c. on the input stage mini­
mizes the increased noise from the first valve as a.v.c. is applied and on the last i-f 
stage it allows larger signals to be handled without overload. The middle stage has 
no effect on the· noise, handles only small signals, and consequently can do most of 
the gain controlling. 

A.V.C. design affects high tension current consumption and if too small a fraction 
of the developed a.v.c. voltage is used, current will be wasted when a local station is 
tuned. 

Bias for the output valve is usually obtained from a back-bias resistor in dry battery 
operated receivers. Receivers have been made in which the voltage developed across 
the oscillator grid leak has been used for this purpose (with suitable decoupling) but 
if the A battery voltage falls more quickly than that of the B battery, the output valve 
is operated in an underl:,iased condition and draws excessive B current. 

Separate C batteries have also been used, but the difficulty of discharging the C 
battery at the proper rate has led to the popularity of back biasing, in which the voltage 
remains approximately optimum throughout the B battery life. 

When a back-bias resistor is used it should be effectively by-passed to audio fre­
quencies, otherwise a-f voltages developed across the resistor are applied to the plate 
circuits of the i-f and perhaps oscillator valves. This may cause instability as a re­
ceiver is being tuned to a station. 

Another advantage of back biasing is that if B + is short circuited to the valve fila­
ments, the bias resistor restricts the current to an amount which will not damage the 
valves. With a 500 ohm resistor and a 90 volt supply the current is 180 mA, whereas 
even a four valve receiver normally draws 250 mA from its filament battery. 

When a battery receiver is turned off, the B supply voltage does not disappear as 
in the case of an a.c. operated receiver. The filament voltage being turned off stops 
the valves from passing current but small leakage currents (for instance, through con­
densers) have merely to flow through another series leakage-that of the B supply 
switch. Particularly in humid conditions, the resistance between switch contacts 
may be only of the order of tens of megohms and the uninterrupted current which 
flows can lead to electrolysis of fine wires and consequent open circuits. 

Unless precautions are taken, the fine wire of the output transformer primary is 
particularly susceptible to this trouble, leakage occurring between the primary (con-
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nected to B-'-) and the core ( connected to chassis), and interwound coils with one 
wire earthed and the other connected to the B supply also give trouble. 

Output transformer electrolysis can be prevented by connecting the primary wind­
ing to the core and isolating the assembly from the chassis, for instance in a pitch 
filled container. 

Interwound coils have a satisfactory life if they are baked to remove moisture and 
then impregnated and flash-dipped in a moisture resisting wax or varnish. 

In designing battery receivers it is important to check power output, sensitivity 
and oscillator grid current with reduced voltages and with many valves. A large 
number of valves is required because no tests are made by valve manufacturers at 
voltages as low as those commonly employed by receiver designers as the " end of 
life " point. 

For battery converter problems see Sect. 3(vi). 

(ii) Vibrator-operated receivers 
Chapter 32 deals with the design of vibrator operated power supplies. Receivers 

to operate with such supplies have some associated problems, mostly concerned with 
the elimination of r-f and a-f interference from the vibrator unit. 

Separation of all vibrator circuits from the receiver is essential if hash is to be satis­
factorily eliminated. If for instance various parts of the vibrator circuit are earthed 
at different places in a receiver chassis, interference can occur which no amount of 
filtering will remove. The correct method is to earth all vibrator by-passes and 
earth returns at one point and connect the lead from the battery to the same point. 

The same principles apply to a-f interference. It is assumed that adequate filter­
ing is used in the B supply so that interference from that source is negligible. Even 
under these conditions, vibrator noise can be troublesome and the first source is the 
battery itself. Alrpough the internal impedance of a battery is very low it is not 
negligible, and the pulses of current drawn by the vibrator set up voltages across it 
which are applied to the filament of the a-f amplifier and result in noise from the loud­
speaker. 

Fig. 35.18. Filament circuit of 
vibrator-operated receiver. 

Any output valve with 100 mA 
filament current could be used in 
place of the I S4 (e.g. 3Q4, 3S4 
or 3 V 4 ·with parallel filament 

connections). 

FIG.35,18 

.,. 
'l \.____-:c1,,,·-----' 

- + 

A cure is an iron-cored choke between the positive battery terminal and the fila­
ments of the valves, which are normally connected in series-parallel. A large (500 ,.,F) 
condenser is usually required in addition to the choke, and receivers with high a-f 
gain may need two condensers. A typical circuit is shown in Fig. 35.18. With the 
reduced filament drain of 1 .4 volt valves it is possible in some cases to do away with 
the iron-cored choke and use a resistor. When used with a 6.0 volt battery the :fila­
ment voltage for each valve should be 1.3 volts so that a dropping resistor of 21 ohms 
would be required in place of the iron cored choke shown in Fig. 35.18. Where two 
large condensers must be used in any case the resistor usually has sufficient impedance. 

Even when the filtering (due to the electrolytic condensers and choke or resistor) 
is adequate, serious buzz can still occur. In Fig. 35.18 two leads are taken from each 
battery terminal, and the vibrator and filament circuits are entirely separate. How­
ever it sometimes happens that two switches cannot be used and a common switch 
section and negative battery lead must be used. This will introduce some buzz 
although the degree will depend on the a-f sensitivity and the value of the mutual 
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impedance. An undesirable feature is that the interference may vary each time the 
switch is operated and may become progressively worse with age as the contact re­
sistance of the switch increases. 

If the a-f gain is high, even the common impedance of a fuse may cause trouble 
and in some cases only the vibrator circuit is fused for this reason. 

The electrolytic condensers are also useful in preventing coupling between the 
filament circuits of the various valves. However high gain receivers usually need 
additional r-f by-passes on the filament string to prevent regeneration at the inter­
mediate frequency or to keep i-f voltages from the a-fend of the receiver. 

One undesirable feature of the circuit of Fig. 35.18 is that if any one of the 1R5, 
1S5 or 1T4 valves is removed from its socket, or if one filament becomes open cir­
cuited, two other valves will have excessive filament voltage applied. The additional 
voltage is normally not enough to open circuit the other filaments but if the receiver 
is left unattended in this condition the valves will deteriorate rapidly. 

The resistors R., R 2 and R 3 equalize the filament voltages on the different valves. 
Since the filament string requires 100 mA and the cathode current of the 3S4 alone 
is 8.8 mA under typical operating conditions, some adjustment to the voltage across 
the filaments (in which the cathode currents flow) is necessary. However calculation 
of the values required for the various valves is not straightforward since the cathode 
cilrrent of each valve has alternative paths of different impedance. For instance in 
Fig. 35.18 the 1R5 cathode current will flow partly in the negative filament lead and 
partly in the positive, this latter current splitting into one component which flows 
through the 1S5 and another which flows through the 3S4. As a result the resistor 
values are most readily determined experimentally, and with average valves in a 
receiver and decade boxes connected where shunting resistors are needed, a few 
minutes' manipulation of the decade boxes will det~rmine the correct values. A.V.C. 
application will affect plate currents and hence filament voltages, and the resistor 
values should be decided with an average input signal. By making slight compromises 
it is often possible to do without one or more resistors, but if this is done conditions 
should be checked with freshly charged and discharged batteries as well as at the rated 
battery voltage. 

A.V.C. design is complicated in vibrator receivers with series-parallel filament 
circuits, but satisfactory solutions can usually be obtained by means of a.v.c. voltage 
dividers returned to different potentials. For instance in Fig. 35.18, which might 
be the filament circuit of a receiver with two i-f amplifiers, the diode load would be 
returned to the IS5 negative filament, i.e. to ground, and a.v.c. would be taken 
directly to the grid of the IT4 acting as the first i-f amplifier. This is possible be­
cause the filaments are at the same potential. However the IR5 and second i-f 
1T4 have their filaments more positive and would be biased 1.3 volts negative if 
connected directly to the diode load. A solution would be to connect a two megohm 
resistor from the top of the diode load to the IR5 and 1T4 grids, and another two 
megohm resistor from the grids to the positive side of the 1R5 filament. This would 
remove the bias from the 1R5 and 1 T4 and reduce the amount of a.v.c. to these valves 
which would be desirable-see subsection (i) of this section. 

The elimination of hash from a vibrator operated receiver usually involves work 
on the power unit (Chapter 32) but some precautions in the receiver may be necessary. 
A frequent source of interference which is difficult to trace is hash picked up by the 
converter valve. A very small amount of interference in the B supply may modulate 
the oscillator and be fed into the i-f amplifier with the local oscillator injection, or 
interference on the converter filament may be troublesome. In each case the inter­
ference receives the total receiver amplification. A separate r-f choke is often used 
for the converter fil3Jllent to eliminate this trouble. 

When tracing hash, a convenient method is to connect a shielded wire, with one 
end bared, to the receiver's aerial terminal through a capacitor. The bared end of 
the wire is used as a probe and when in contact with various points in the receiver 
circuit indicates whether interference is present. The first points to check, of course, 
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are the incoming leads from the vibrator unit to the receiver and in general these 
should be filtered until they are quite " cold ". 

To be sure of trouble-free production runs it is advisable to work on hash elimina­
tion until, with an aerial wrapped around the battery leads and battery, no inter­
ference can be heard at any frequency with the receiver operated at maximum gain 
in a screened room. 

Mechanical noise and vibration from the vibrator also present a problem. The 
high frequency noise components can readily be minimized by felt or other sound­
absorbing material, and even the metal shielding box in which vibrators are often 
used may be sufficient. However noise at the fundamental frequency of the vibrator 
is more difficult to cure and much trouble can be avoided by using a very flexibly 
mounted vibrator socket. Each new receiver usually presents different problems 
in this respect. 

(iii) Characteristics of dry batteries* 
A knowledge of dry battery characteristics is essential in designing receivers which 

are to use the batteries to the best advantage. It is also helpful in obtaining maximum 
battery life with a particular receiver. 

The decrease in battery life caused by a receiver design which gives unsatisfactory 
performance-'()r none-when the battery voltage falls below certain levels is best 
illustrated in Fig. 35.19. If the average B current of a receiver is taken as 15 mA 
it will be seen that the useful life of the battery is increased from 1.16 to 1.49 ampere 
hours, an increase of 28%, by designing the receiver so that it will operate satis­
factorily when the output of the 90 volt B battery has fallen to 60 volts, instead of 
becoming unusable when the output is 68 volts. 

It will be noticed that as the current drain in Fig. 35.19 is reduced, the output rises 
to a maximum and then falls. This is due to the fact that the batteries were dis­
charged for 2 hours each day so that with a 10 mA drain for instance the test lasted 
for 175 days. Tests with smaller drains take longer and the effects of shelf life be­
come more important than the decreased drain. 

Fig. 35.19. 
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Ampere-hour output versus discharge current for various end-point voltages 
(Ref. 25). 

*Information taken from Ref. 25. 
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Fig. 35.20 shows the importance of reducing battery drain to a minimum or alter­
natively of specifying batteries of as great a capacity as possible. As the drain is 
reduced a progressively greater amount of the battery output is made available at a 
high voltage, and as an extreme example, a 2.9 mA drain on the cell will give 83% 
of the battery's output (assuming that the cell can be used until discharged to 0.8 
volt) at a voltage greater than 1.3, whereas a 187 mA drain gives only 16% of the bat­
tery's output at 1.3 volts or more. The curves of Fig. 35.20 were taken on continu­
ous discharge, and with operation of say 4 hours a day the effects of shelf life would 
modify the figures obtained. 

1·6..---.---------------.--------. 
No 6 SIZE CELL. 

11.:::---r---+-.....-,f--+---+-.....-,- CONTINUOUS OISCHAIIGE 

THROUGH 

t•O 

PERCENT OF OUTPUT TO 0-11 VOLT FIG. lS •20 

Fig. 35.20. Working voltage of No. 6 size cells during discharge through various re­
sistances (Ref. 25). 

The main interest of Fig. 35.21 is to the user of the receiver, as it shows the effects 
of heavy battery usage in decreasing battery output. For a B drain of 15 mA and 
8 hours of use each day, each cell will give 1.13 ampere-hours output, but with 2 
hours daily usage the output rises to 1.48 ampere-hours. Thus the batteries will last 
for about 50 days with 2 hours of use, but less than 10 days with 8 hours of use. The 
effects of shelf life in Fig. 35.21 are dearly indicated at low current drain and with 
decreasing hours of discharge per day. 

An aspect of dry battery performance which is of particular importance to receiver 
designers is the increase of internal resistance of each cell as it becomes discharged. 
The resistance of a new cell can be ignored for radio purposes, as it varies from about 
one third of an ohm for small B battery cells, to one fiftieth of an ohm for large A 
battery cells. However as the battery ages, an impedance of the order of 20 ohms 
per cell may develop and for a 90 volt battery this represents a series impedance of 
1200 ohms. 

Such impedances cause coupling between circuits, and in the case of an A battery 
may cause instability due to coupling between different i-f stages or between i-f and 
a-f stages. The remedy is an adequate by-pass (0.5 p,F may be necessary) across the 
filament circuit, and the necessity for this should be tested with a discharged battery 
during design. Impedance in the B supply circuit can cause trouble between almost 
any pair of stages (including the oscillator) in the receiver. An electrolytic condenser 
in parallel with a r-f by-pass (0.1 µF) is commonly used to avoid this trouble. 

The only completely satisfactory method of testing a receiver for performance with 
discharged batteries is to use a set of batteries which has been used normally until 
the voltage has fallen to the required level. Accelerated rates of discharge do not 
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Fig. 35.21. Ampere-hours output versus discharge current for various operating cycles 
(Ref. 25). 

produce such a high internal resistance. Noise will sometimes be encountered with 
a discharged battery unless a large by-pass is connected in parallel with it. 

The effect of temperature on dry cells is very marked. At high temperatures the 
deterioration of unused cells is rapid and tests have shown that batteries stored for 
one year at 104°F. have deteriorated more than similar batteries stored for five years 
at 48°F. Small cells have a shoner shelf life than large ones stored under the same 
conditions. 

The reasons for the increased rate of deterioration at high temperatures are in­
creased moisture loss from the electrolyte, and increased chemical activity in the 
battery. This latter effect is beneficial when the battery is actually in use and a 
battery discharged in a comparatively short time at l00°F. has been found to give 
140% of the output of a similar battery at 70°F. At 40°F. the output fell to 48% 
of the output at 70°F. 

When testing batteries it is imponant to realise that there is no relationship be­
tween the current delivered by a dry cell on a short circuit amperage test and the 
service capacity of the cell. On the other hand the working voltage of a dry cell does 
decline progressively as the cell becomes exhausted, so that a voltage test under normal 
load is a good indication of a battery's condition. The voltmeter used should have a 
resistance of not less than 100 ohms per volt for single cells or 1000 ohms per volt for 
B batteries. The current drawn by lower sensitivity meters may lead to a lower 
voltage indication than actually occurs in use. 

In some types of portable receivers which can be used with dry batteries or an a.c. 
power supply the dry batteries can be charged during a.c. operation or while the re­
ceiver is not in use. This is claimed to increase the service obtainable from the dry 
batteries although the degree of improvement depends on the conditions of use. It 
is important that the charging current should not be excessive. Further information 
is available in Refs. 56, 57, 69, 70, 71. 
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SECTION 8 : CAR RADIO 
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(i) Interference suppresrion (ii) Circuit considerations (iii) Valve operating con­
ditions. 

(i) Interference suppression 
The main problem in car-radio design is the suppression of interference from the 

car and from 'the power supply of the receiver. Ignition interference is the more 
troublesome, and while there are methods of suppression which apply in all cases any 
particular installation is liable to present problems of its own. 

One theory as to the mechanism by which interference is produced is that each 
spark causes oscillatory currents in the ignition leads covering a wide band of fre­
quencies. The spectrum is propagated from the ignition lead which acts as an aerial, 
and the receiver amplifies those frequencies to which it is tuned. See Ref. 10 for a 
comprehensive survey of reports on the nature, measurements and suppression of 
ignition interference. 

Another possible mechanism has been described in Ref. 1, although objections to 
it are brought forward in Ref. lOC. This conception of interference generation is 
that the radiated field is an impulse which is short compared with the period of the 
carrier frequency up to frequencies of hundreds of megacycles. Each burst of inter­
ference heard is thus the impulse response of the receiver and its aerial, so that the 
interference is more dependent on the bandwidth of a receiver than on the frequency 
to which it is tuned, although of course the signal received will vary in amplitude with 
large variations in frequency. 

In addition to ignition noise, interference is caused by the brushes on the generator 
but this is readily removed by by-passing. Special suppression capacitors are avail­
able of 0,5 µ.F capacitance, 200 volt working, encased in a metal can to which one 
side of the capacitor is connected. 

Methods of dealing with the majority of straightforward interference suppression 
problems are given below (Ref. 60). 

(a) Cut the high tension lead connecting the ignition coil to the centre of the dis­
tributor head as close as possible to the distributor head and screw the two ends of 
the leads into a resistor suppressor. Suitable suppressors consisting of a carbon 
resistor of 15 000 ohms with facilities for attaching the two leads are available com­
mercially. 

(b) Connect a suppression capacitor to the point where the receiver low tension 
cable is connected to the car's low tension system, with the metal case clamped to the 
chassis. 

(c) Clamp the metal case of another suppression capacitor to the generator housing 
and connect the lead to the generator armature-terminal. The capacitor must not 
be connected to the generator field-terminal. In American cars the correct terminal 
is usually the larger one. 

In most English cars the armature terminal is not accessible on the generator and 
the suppression capacitor should be connected in such cases to the " D " terminal 
on the voltage distribution channel. 

If trouble is still experienced the following points should be investigated. 
(d) See that the distributor contacts and spark plug points are clean, in good con­

dition and correctly adjusted. Replacements may be needed. 
(e) If the engine is rubber mounted a bond may be necessary between the engine 

block and the chassis. This bond should be a piece of flexible copper braid not less 
than i in. wide and as short as possible, although allowing for engine movement. 

(f) See that the low tension leads do not come close to any of the high tension wiring. 
In some cars it may be necessary to remove the low tension wires from channels pro­
vided for the spark plug leads. 

(g) Make sure that there is a good connection between the ignition coil can and the 
engine block. 

(h) Bond ail oil pipes, bowden cables, etc., to the bulkhead as they pass through to 
the driving compartment. 
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(i) Try the effect of bonding various parts of the bodywork to the bulkhead or 
engine block with i in. copper braid, It sometimes happens that a large section of 
meta:., for example a mudguard, is insulated by rubber or fabric beading, or even by 
paint, from the rest of the body. Bonding of such sections may eliminate inter­
ference. 

(j) By-pass separately the various electrical components of the car, such as the horn, 
ignition switch, windscreen wiper motor, petrol pump, head lights, dome light, park­
ing lights, petrol gauge, electric clock, etc. 

In fitting the various units of the radio itself it is necessary to remove some paint 
from the metal to make sure that the unit is electrically earthed. 

Occasionally trouble is experienced from wheel and tyre static. Graphite grease 
in the wheel bearings, may be sufficient to effect a cure, but in some cases spring 
contacts bearing on the wheel hub have been used. 

(ii) Circuit considerations 
The main requirements for a car radio are high sensitivity, high signal-to-noise 

ratio, good a.v.c., high a-f output, compactness, the ability to withstand vibration, 
and mechanical flexibility for installation purposes. 

The first four items have almost standardized the design into the form of a receiver 
with r-f, convener, i-f, a-f and output stages. Such a combination allows the re­
ceiver sensitivity to be limited only by the noise in the first stage-which is desirable. 

The high over-all sensitivity (1 µV input for 0.5 watt output is not uncommon) 
causes high a.v.c. voltages to be developed with comparatively small inputs so that 
strong a.v.c. action is available even when signals fade to very low levels. The a.v.c. 
diode load is often returned to a source of bias for the r-f and i-f amplifiers so that 
a delay of two or three volts is obtained and this flattens the a.v.c. characteristic even 
more, after the delay has been overcome. The a-f sensitivity is adequate to allow 
full output. 

When full a.v.c. is applied to the r-f stage a check should be made from Scroggie's 
curves~·-Sect. 3(i) of this chapter--to see that the noise from the first valve does not 
become comparable in size with that from the input circuit and so affect the signal­
to-noise ratio. 

Fig. 35.22. Car-radio 
aerial input circuit. 

The design of the aerial input circuit is very important in a car radio, because of 
the small effective height and physical size of the aerial itself. Different aerials may 
be used with the receiver, but telescopic types with a capacitance of about 50 µµ,F 
are commonly assumed. One of the most popular circuits is shown in Fig. 35.22. 
L 1 is a choke consisting of a few spaced turns of thick wire, resonant at about 40 Mc/ s. 
It is used to minimize incoming ignition interference without seriously :µfecting the 
desired signals. L 2 is the aerial coil primary, which is arranged to resonate with the 
aerial and the rest of the circuit outside the low frequency end of the required band. 
However the resonance is kept as close to the band as possible without introducing 
too much mistracking between the aerial and r-f circuits, in order to obtain the maxi­
mum possible gain at the low frequency end of the band. 

The capacitor C1 is from 50 to 100 µµFin a typical case, and provides capacitance 
coupling to improve the gain at the high frequency end of the band. Li is tapped at 
from one quarter to one third of the total number of turns from the cold end. C'.oup-
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ling between L 2 and L 3 usually approaches 20%. The Q of L 3 must be as high as 
possible and iron cores are commonly used. Q values in air as high as 250 at the maxi­
mum point in the band have been used, and a gain of from 8 to IO is obtainable over 
the band with such a coil mounted in the chassis. Gain is measured with the output 
of the signal generator connected through a 50 µµF capacitor to the aerial end of the 
shielded input cable. Noise figures obtainable are of the order of equal noise and 
power output when the input signal is from 0.3 to 1.0 µV, 30% modulated. 

A series trimming condenser (say 50-350 µµF) is sometimes used between rhe 
spark coil and the aerial primary so that the aerial coil can still be tracked with the 
r-f coil even when a high capacitance aerial is connected to the receiver. 

Power supplies for car radios are vibrator operated, using either synchronous or 
non-synchronous types. The non-synchronous system has the advantage of 
keeping a constant output polarity when the input polarity is reversed, so that the 
lack of unlformity between car manufacturers as to positive or negative .grounding 
of the battery becomes unimportant. Non-synchronous systems also have fewer 
troubles from vibrator hash in the receiver and are generally assumed to be more 
reliable in operation but of course they are more expensive, since a rectifier must be 
provided, and consume more current if a hot cathode type of rectifier is used. 

In the elimination of interference either from the vibrator or from ignition noise 
in a car radio, " spark plates " are often used. These are by-pass capacitors using the 
chassis as one plate, a thin sheet of insulating material, preferably mica, as the di­
electric and tin-plate or brass as the other plate, the assembly being eyeletted together 
with suitable insulating washers. Because components are soldered directly to the 
top plate and the bottom plate is the chassis, the series inductan·ce of such a capacitor 
is very small. It has been recommended that incoming leads should be soldered to 
one end of a spark plate and outgoing leads to the other end. Capacitances between 
10 and 200 µµFare commonly made up in this way. · 

Because of the intense ignition interference field it is often necessary to filter all 
leads coming into the receiver. Tone control leads and even loud speaker leads may 
need by-passes or series chokes to eliminate interference. 

The effects of vibration must be considered·in car radio design. Reliable air 
dielectric trimmers are more stable than compression mica types, but need to be 
sealed after alignment. Large paper capacitors need to be held by means other than 
their own leads, and smaller components must be mounted so that they cannot 
vibrate on their leads. Older types of valves, such as G types and others of similar 
size can give trouble through falling out of their sockets under the influence of vibra­
tion, particularly when mounted horizontally. For this reason and for the extreme 
compactness which they allow, miniature valves are well suited for car radio designs. 

(iii) Valve operating conditions 
Valves in car radios are subjected to heater voltages outside both the top and bottom 

limits specified by valve manufacturers. Extremes of perhaps 8.0 and 4.5 volts may 
be encountered with the battery on charge and fully charged, and off charge and dis­
charged. 

Excessively high heater voltages reduce valve life by evaporating the coating from 
the cathode, and care should be taken to see that plate or screen dissipations do not 
exceed valve manufacturers' ratings under any anticipated working condition, par­
ticularly as the ambient temperature inside the car radio is likely to be very high at 
times. 

When heaters are operated at excessively high voltages it is possible for 
control grids to rise to a temperature at which grid emission takes place. To reduce 
the effects of this grid emission current, it is advisable to use the lowest convenient 
values for output valve grid leaks and a.v.c. series resistors in car radios. 

When the supply voltage is very low, the receiver loses sensitivity and power output 
but remains usable so long as the oscillator operates. To guard against oscillator 
stoppage a new design of receiver should be checked with a large number of valves 
including some with low oscillator grid current under normal operating condicions. 
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Since valves are only tested by manufacturers to the recommended voltage limits, 
there is no guarantee of uniformity of operation between valves at voltages outside 
those limits 

SECTION 9 : MISCELLANEOUS FEATURES 

(i) Spurious responses (ii) Reduction of interference (iii) Contact potential biasing 
(iv) Fuses (v) Tropic proofing (vi) Parasitic oscillations (vii) Printed circuits 
( viii) Other miscellaneous features. 

(i) Spurious responses 
With a superheterodyne receiver, several types of signal can be received which 

do not originate in stations broadcasting on the frequency to which the receiver is 
tuned. The signals are not necessarily objectionable of themselves, but owing to 
the congested condition of the broadcasting band, almost any spurious signal will 
interfere with a true signal. These spurious responses are due to several causes which 
are listed below. 

(a) Harmonics of a station operating at a lower frequency. 
(b) Two stations broadcasting on frequencies separated by the intermediate 

frequency of the receiver. 
(c) A station broadcasting on the image frequency of a desired station. 
(d) A combination of local oscillator harmonics with other signals or harmonics. 
(e) Feedback of intermediate frequency harmonics. 
(f) A station broadcasting on the intermediate frequency· of the receiver. 

Interference of type (a) will be received by any receiver of sufficient sensitivity 
and cannot be minimized in the design of a receiver. 

When type (b) interference is experienced, the two stations will be heard together 
over two bands of frequencies centred on the frequencies of each of the stations. 
The interference continues even when the local oscillator is stopped. Since it is 
necessary for the two signals to be present at the grid of the frequency changer for 
the interference to be troublesome, selectivity before this point is required to eliminate 
it. Alternatively the intermediate frequency of the receiver can be altered to a fre­
quency at least IO Kc/s removed from the difference frequency. 

Type (c) interference can be cured by adequate signal frequency selectivity, and 
is the main reason for this selectivity. Particularly in the short-wave range of dual 
wave receivers is trouble experienced (although not always recognised) from this 
source, and it is so prevalent that the signal frequency selectivity of a receiver is always 
expressed as its image ratio. 

Methods of calculating image ratio are given in Chapter 23 Sect. 4(ii) for coils 
without capacitance coupling. To obtain the full calculated rejection, particularly 
at the high frequency end of a band, it is necessary to reduce to a minimum all coup­
lings other than that by mutual inductance. Separation of circuits and earthing at 
one point for each circuit will be found beneficial when high gain is used. Capacitance 
coupling must be particularly avoided. Ref. 21 (pp. 225-237) gives circuits which 
increase image rejection. 

There are many possibilities of type (d) interference but it is not a major problem 
in most receiver installations. Nevenheless it is advisable to restrict oscillator grid 
current to a minimum, consistent with other requirements, to minimize this source 
of interference. 

Feedback of intermediate frequency harmonics can occur through B supply, a.v.c. 
or other wiring, or by means of voltages induced into the convener input circuit 
from the second detector, or any part of the a-f amplifier. The feedback may be 
sufficient to cause actual instability or merely an annoying heterodyne on stations 
adjacent in frequency to the harmonics of the i-f. Shielding and perhaps decoupling 
or an r-f by-pass in the a-f circuit readily remove the trouble. 
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Interference from a signal on or near the intermediate frequency continues when 
the local oscillator is stopped and becomes progressively worse as the receiver tuning 
approaches the intermediate frequency. It is seldom encountered in superheterodynes 
with a tuned r-f amplifier, but receivers with an untuned r-f amplifier or with none 
usually have very poor i-f rejection at frequencies lower than 600 Kc/s. 

A method of plotting interference signals is given in Ref. 21, Part 1, page 201. 
An example of the estimation of the interference to be expected in a given set of con­
ditions will be found in Ref. 53. 

(ii) Reduction of interference 
There are two main methods of minimizing the effects of external noise on radio 

reception. The first is by the use of noise limiters in the receiver (Chapter 16 Sect. 7 
and Chapter 27 Sect. 5) and this method is equally applicable whether the noise is of 
man-made or natural origin. The second method consists of using filters and noise­
reducing aerials and is only applicable to noise from man-made sources. 

Most mains operated receivers receive appreciable r-f inputs from the supply lines, 
and when noise is troublesome the ratio of signal to noise is often much lower in the 
mains than in an aerial. This occurs when the source of interference is connected to 
the power supply and induces interference into the mains wiring. In such a case 
filtering of the mains leads can give a substantial improvement in signal-to-noise ratio. 

An electrostatic shield between primary and secondary windings of the power 
transformer is the most common method of treatment. Methods of incorporating 
such a shield in the power transformer are described in Chapter 5 page 233. The 
alternative method (b) of winding the earthed low voltage filament between primary 
and secondary, due to its inductance, is probably less effective than the normal 
shield (a). 

;-• 

Fig. 35.23. Interference from power- ;f-
supp(v induces noise into input circuit -+" 

of receiver. 

By-passing of the incoming mains leads to the chassis, with or without series in­
ductors, is often used to reduce interference. Fig. 35.23 shows that this method is of 
limited use, depending on the impedance between the receiver chassis and ground. 
Noise currents represented by arrows flow from mains to chassis and from chassis 
to ground, thus setting up a noise voltage on the chassis relative to ground. This 
voltage causes another noise current to flow through the primary of the aerial coil 
and the capacitance of the aerial to ground, and thus a noise voltage is induced in the 
aerial coil secondary and applied to the first valve of the receiver. 

The fact that interference stops when the aerial is removed from the receiver is 
not proof that the noise is picked up by the aerial. If the aerial were removed in 
Fig. 35.23 the interference would stop because the path to ground through the aerial 
primary would be removed, but the noise source is the supply mains. 

Figure 35.23 indicates how improvements in noise reduction can be made. Firstly, 
if the earth lead for the mains by-passes is separated from the receiver earth, the noise 
potential between chassis and ground is eliminated. The separation needs to be more 
than electrical, as if two wires were close to each other the noise currents in the filter 
earth would induce noise currents in the receiver earth. 

Secondly the incoming noise currents can be considerably reduced by using a r-f 
choke in series with the mains leads before the first by-pass to increase the impedance 
of the path. This will reduce the noise voltage between chassis and ground, but 
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increase the noise voltage between mains leads and ground, and the capacitance be­
tween mains and aerial leads may lead to increased noise from this source. 

A third possibility is the use of a balanced aerial coil primary connected to the ends 
of a symmetrical lead-in from the aerial. When the two ends of the primary are 
balanced with respect to capacitance to chassis (a small trimmer can be used on either 
side of the primary if found necessary to give the greatest noise reduction) then noise 
currents flowing from receiver chassis to ground through the aerial capacitance do 
not give rise to noise voltages in the aerial coil secondary or the remainder of the re­
ceiver. An electrostatic shield can be used between primary and secondary as an 
added• precaution against electrostatic asymmetry between primary and secondary 
windings. 

The symmetrical lead-in can be terminated at the aerial end in another transformer 
coupling it to the aerial, in a dipole, or aerial and counterpoise or the lead-in may be 
merely a two wire feeder with one end extended to form the aerial. In any of these 
cases additional noise reduction can be expected from the fact that the aerial proper 
can be placed at some distance from the power supply mains or any other known 
source of interference, e.g., it can be removed as far as possible from, and placed at 
right angles to, tram lines. 

Before proceeding with elaborate noise reduction methods it is advisable of course 
to make sure that the receiver itself is not picking up noise directly. In strong fields 

• large voltages are induced into grid leads and under-chassis wiring, and complete 
shielding of the receiver proper may reduce interference without other assistance, 
or it may be essential if the full benefit of more elaborate methods is to be obtained. 

J,n-J:>uilt aerials on mains operated receivers usually work on the principle of pro­
viding an earth return for signals coming from the mains, in some cases as shown 
in Fig. 35.23, and in other cases with a capacitance between mains and aerial terminal, 
and the receiver chassis providing, through capacitance or direct connection, the 
return to ground. In the first case the requirement for the " aerial " is merely the 
largest possible capacitance to ground, and a ground connection to the chassis should 
reduce the signal input. In the second case an earth connection should improve 
signal strength as the current through the coil will be increased. 

Even when a mains-operated receiver is equipped with an in-built loop aerial, 
some of the signal input is due to the capacitance effect of the loop as a whole. A 
mains filter may improve the signal-to-noise ratio in such a case, but with the other 
two types of in-built aerial a mains filter will reduce the signal and noise by the 
same amount leaving the ratio unchanged. 

(iii) Contact potential biasing 
Electrochemical activity between the elecuodes of a valve produces potential 

differences without the application of external e.m.f's. The effect is most noticeable 
on grids and diode plates since their " contact potential " may be of the same order 
as potentials applied from other sources. The effective bias depends on the surfaces 
of the two electrodes and the impedance connected between the respective valve pins. 
The control grid contact potential will vary with different types of valves, with 
different valves of the same type and with age in a particular valve. 

In practice, control grid and diode contact potentials are found in indirectly­
heated valves to vary between-0.l and-1.1 volts with different types of valves, and 
the contact potential of a particular valve may vary as much as 0.4 volt during life. 
Because of this, the contact potential of valves has a restricted application as a source 
of bias, but it can be satisfactory if its limitations are borne in mind. 

The two types of contact potential bias are " grid leak bias " of a-f amplifiers and 
" diode bias" of j .. f and other amplifiers. Some valve types which are likely to 
be used with grid leak bias e.g. Radiotron types, 6B6-G, 6SQ7-GT, and 6AV6, 
are given a 100% production test for grid leak bias by Amalgamated Wireless Valve 
Co., under conditions sufficiently severe to ensure that any change of characteristics 
during valve life will not affect their performance. These types can be recommended 
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for this type of service provided that the plate current is restricted to a maximum of 
I mA, the grid leak is 5 megohms or larger (2 megohms can be used with a small signal 
input but distortion should be checked) and the output required is not greater than 
25 V r.m.s. Under these conditions less distortion can be expected from grid leak 
bias than from cathode bias (Ref. 43). 

Pentode valves have more critical bias requirements when used as.low distortion 
resistance coupled a-f amplifiers and because of this are not so suitable for grid leak 
biasing. However when used with a series screen resistor of high value and com­
paratively small a-f inputs they can be satisfactory, and remove some of the hum 
problems from fairly low-level a-f amplifiers since there is no bias supply to be 
filtered, and the cathode is at ground potential so that heater-cathode conductance 
is not troublesome. 

Diode biasing finds its main application in minimum cost 5 valve (4 valve plus 
rectifier) receivers. A.V.C. is applied to the i-f and converter valves directly from 
the diode plate of the second detector, the diode load and the cathode of the i-f am­
plifier being returned to ground. Under these conditions the contact potential of 
the diode is the only bias applied ~o the i-f amplifier, and its screen voltage is adjusted 
to keep plate and screen dissipations within tolerances. The converter may need 
additional bias, obtained from a cathode resistor and by-pass, depending on the type 
used. 

A trouble which occasionally occurs with this circuit is that the diode bias is too 
small, the i-f valve draws grid current, and its reduced input impedance damps the 
i-f transformer sufficiently to cause a serious drop in sensitivity with small inputs. 
As the input is increased, the additional i-f bias from the a.v.c. line restores the sensi­
tivity to normal so that over a small range of input signals the receiver output in­
creases much more rapidly than the input. A receiver with this defect may show 
poor sensitivity for 50 mW output, but normal sensitivity for the larger signal re, 
quired to give 0.5 watt output as recommended by the I.R.E. "Standards on Radio 
Receivers, 1948." 

Additional methods of using contact potential for bias are given in Ref. 44. 

(iv) Fuses 
Commercial A-M receivers rarely incorporate a fuse owing to the difficulties in­

volved in providing a satisfactory one. The peak current in the primary of the power 
transformer when a receiver is switched on may be twenty times the average current 
for a time not exceeding 0.01 sec. This occurs during normal operation, but on the 
other hand a fault resulting in twice the normal primary current over a period of time 
may lead to transformer breakdown. 

Since a normal cartridge fuse will blow within 0.01 sec. with five to ten times its 
rated current applied, a fuse of four times the rated current of a receiver would be the 
smallest value which could be used. Such a fuse would probably not fail immediately, 
even with a complete short circuit on the whole high tension winding of a receiver, 
and would be almost useless. 

Two types of fuse which can be used satisfactorily under such conditions have been 
described (Ref. 30). The first consists of the normal glass cartridge and ends, con­
taining in series a small spring soldered under tension to a fine manganin resistance 
wire by means of a blob of low temperature solder (e.g. Wood's metal). A prolonged 
overload produces enough heat in the resistance wire to melt the solder and allow 
the fuse to clear, but the thermal inertia of the mass of solder protects the fuse against 
short duration surges. With a severe overload the resistance wire clears almost 
instantaneously. An advantage of this type of fuse is the low temperature required 
for operation-of the order of I00°C compared with perhaps 900°C for a normal 
type of fuse. 

Another fuse has been made consisting of a high melting point nickel wire with 
blobs of magnesium powder in a binding varnish supported on it. Once again the 
thermal inertia of the blob allows short duration surges to occur without damage, but 
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a prolonged overload raises the magnesium powder to ignition point (about 500°C) 
and the fuse clears. 

A different type of protection bas been used in other types of receivers. This 
consists of an insulated strip of metal with high heat conductivity which is included 
in the power transformer during winding. One end of the strip projects outside the 
winding and to this a small stirrup is soldered with very low melting point solder. 
A spring engages in the stirrup under tension and the primary current to the whole 
receiver passes through the assembly. Any overheating of the power transformer 
melts the solder and the spring disconnects one side of the mains from the receiver. 
Such a device might not protect a low impedance rectifier from damage if the input 
condenser were to break down, but it could save the power transformer and would 
certainly prevent a fire. 

A heat-operated overload cut-out is described in Ref. 65. 
See also Chapter 38 Sect. 12 for general information on fuses, and Table 55. 

(v) Tropic proofing 
Tropic proofing has been the subject of a large amount of investigation (Ref. 40). 

However many treatments described are not applicable to commercial A-M receivers 
-even if only because of expense-and in any case are not required for equipment 
which, although in the tropics, is to operate inside a home. 

For " commercial tropic proofing " the following points might be taken as a mini­
mum requirement :-

(a) Good quality resistors, derated to dissipate no more than two thirds of the 
manufacturer's rating. 

(b) Good quality paper capacitors, preferably sealed in glass, but at least moulded 
in some non-hygroscopic composition, with particular care (non-cracking wax or 
varnish sealing for instance) against ingress of moisture along leads. Voltage rating 
to be at least twice that experienced under working conditions. Mica capacitors 
to be used in positions critical to leakage e.g. a-i coupling capacitors, or a.v.c. by-pass 
capacitors. 

(c) Mica capacitors in tuned circuits to be of silvered mica type, flash-dipped in 
non-hygroscopic wax or varnish. 

(d) Trimmers to have air dielectric. 
(e) Power transformer to be moisture proofed, preferably by baking and vacuum 

impregnation with bitumen, or with a varnish· which can be made to set satisfactorily 
right through the winding (this must be checked). Failing vacuum impregnation, 
pitch sealing can be used providing good penetration is obtained. Penetration is 
assisted by baking the transformers, standing them on edge with the top of the wind­
ing just above the surface of the pitch immediately after baking for perhaps half an 
hour, and then lowering the whole transformer below the surface in the same position 
and leaving for another quarter hour. The transformers can then be drained. 

(f) A-F transformers and chokes to be vacuum impregnated and to have the core 
connected to the winding, the whole assembly being isolated from the chassis. 

(g) Coils to be wound on moulded or ceramic formers and baked, impregnated 
(preferably under vacuum) and flash dipped in non-hygroscopic wax. 

(h) Very fine wire to be avoided; 36A.W.G. is a suitable minimum size. 
(i) Hook-up wire to be covered only with good quality rubber of low sulphur con­

tent, or P.V.C. 
(j) All corrodible metals to be suitably treated, e.g. steel to be well and heavily 

plated (and lacquered where possible), aluminium to be anodised if possible or chro­
mate dipped in such places as gang plates, brass to be plated. Die castings and readily 
corrodible metals, such as zinc, to be avoided. 

(k) Plywood to be urea-bonded. 
(1) Good quality micarta to be used for lug strips, wavechange switch wafers, etc. 

Micarta to be baked and vacuum impregnated in non-hygroscopic compound where 
possible. 

(m) All fungus-supporting media such as cloth and other organic materials to be 
avoided as far as possible and fungus and moisture proofed if used. 
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(n) Wiring to be arranged as far as possible to minimize the effects of leakage e.g. 
B+ and a.v,c, not to be wired to adjacent lugs on a lug strip, etc. 

(o) All-glass valve types to be used to avoid losses in moulded insulating material, 
together with high quality valve sockets. 

(p) Ceramic insulation to be used in the tuning gang if possible. Micana-if used 
-must be baked, vacuum impregnated in varnish and rebaked. 

Additional improvements which can be incorporated include the use of ceramic 
instead of micarta for such items as lug strips, wavechange switch, and valve sockets, 
hermetic sealing for individual components (particularly transformers), hermetic 
sealing for the complete equipment with silica gel used for dehydration, and the avoid­
ing of contact potentials in excess of a small fraction of a volt between contacting 
metals. Platings of appropriate metals can be used to minimize potential differences 
between adjacent metal surfaces. 

See also Chapter 11 Sect. 7 for tropic proofing of coils. 

( vi) Parasitic oscillations 
The high slope of modem valves makes them particularly liable to generate parasitic 

oscillations unless suitable precautions are taken. In a radio receiver, a power output 
stage employing a high slope valve is the most prohable cause of trouble, which may 
show up as a continuous " frying " noise, as an irritating " buzz " perhaps only on 
loud passages, or merely as reduced output with distortion. 

Parasitic oscillations often occur at frequencies of the orde, of 100 Mc/s with leads 
from valve sockets forming resonant circuits and with a feedback path provided by a 
few micromicrofarads of capacitance between plate and grid circuits. In such a 
case a suitable remedy is a non-inductive resistor (say 50 000 ohms, ½ watt, carbon) 
wired directly to the grid pin. This increases the losses in the high frequency circuit 
to such an extent that oscillation is not possible. 

Because the placing of wires is liable to vary between receivers, oscillation may· 
occur only in some receivers of a production run, but it is normal practice to provide 
a grid stopper in each set to avoid rejects. In extreme cases it may also be necessary 
to use stoppers in screen grid or plate circuits, but the values must be much smaller 
to avoid excessive d.c. voltage drop. 

Valves other than high slope output valves cim be troublesome, and in one instance 
some of a production run of receivers having i-f amplifiers with bare tinned-copper 
leads a few inches in length connecting the grid and plate pins to the i-f transformers 
were found to be oscillating at a frequency in excess of 200 Mc/s. The trouWe 
showed up as poor i-f sensitivity with high noise level, and was cured by wiring the hot 
side of the i-f trimmer directly to the valve socket, thereby including the inductance 
of the lead to the transformer in the i-f tuned circuit. 

The best test for parasitic oscillation in an a-f amplifier is to examine with an os­
cilloscope the output waveform with the amplifier driven from zero input to overload 
at various frequencies. Oscillation may be shown as a thickening of the trace over 
part or all of the cycle or by a higher frequency superimposed on the correct trace. 
In the absence of an oscilloscope, unusual or varying plate current in an output valve 
may be taken as an indication of oscillation particularly if the plate current can be 
varied by moving the hand near the valve. 

Additional details on parasitic oscillations are given in Ref. 52. 

(vii) Printed circuits* 
Printed electronic circuits are no longer in the experimental stage. Introduced 

into mass production early in 1945 in the tiny radio proximity fuze for mortar shells 
developed by the National Bureau of Standards, printed circuits are now the subject 
of intense interest on the part of manufacturers and research laboratories in this 
country and abroad. 

Circuits are defined as being " printed " when they are produced on an insulated 
surface by any process. The methods of printing circuits fall into six main classi­
fications. (1) Painting. Conductor and resistor paints are applied separately by means 
of a brush or a stencil bearing the electronic pattern. After drying, tiny capacitors 

*Reprinted by permission of The Institute of Radio Engineers from Ref. 38. 
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Fig. 35.24. Positive feedback circuits for eliminating cathode bypass capacitors 
(Ref. 51). 

and subminiature tubes are added to complete the unit. (2) Spraying. Molten 
metal or paint is sprayed on to form the circuit conductors. Resistance paints may 
also be sprayed. Included in this classification are an abrasive spraying process and 
a die-casting method. (3) Chemical deposition. Chemical solutions are poured 
onto a surface originally covered with a stencil A thin metallic film is precipitated 
on the surface on the form of the desired electronic circuit. For conductors the film 
is electroplated to increase ·its conductance. (4) Vacuum processes. Metallic con­
ductors and resistors are distilled onto the surface through a suitable stencil. (5) 
Die-stamping. Conductors are punched out of metal foil by either hot or cold dies 
and attached to an insulated panel. Resistors may also be stamped out of a specially 
coated plastic film. (6) Dusting. Conducting powders are dusted onto a surface 
through a stencil and fired. Powders are held on either with a binder or by an electrQ­
static method. 

Methods employed have been painting, spraying, and die-stamping. Principal 
advantages of printed circuits are uniformity of production, and the reduction of size, 
assembly and inspection time and cost, line rejects, and purchasing and stocking 
problems. 

See Ref. 3'J for a description of the production of complete radio receivers by print­
ing techniques. See also Refs. 38, 39, 46, 47, 61, 62, 63, 64. 

There are components which it is not practicable to produce by printing, e.g., 
electrolytic and other high value capacitors. In Ref. 51 details are given of circuit 
techniques to eliminate such components without seriously affecting performance. 

Fig. 35.24A · shows a conventional two-stage triode amplifier and Fig. 35.24B a 
circuit with similar gain which does not use electrolytic capacitors. In Fig. 35.24B 
the removal of the cathode by-passes decreases gain and results in an a-f voltage 
appearing across each of the two cathode resistors. These voltages are in opposite 
phase and by adjusting the positive feedback through RF from the cathode circuit 
of the second valve to the cathode circuit of the first valve the gain of the amplifier 
can be restored to the original level. 

Fig. 35.24C shows a practical amplifiet with a voltage gain of 80 and a bandwidth 
(3 db down) of 250 Kc/s. Fig. '15.24D gives a single valve amplifier with a gain of 
1000 and a bandwidth of 100 Kc/s. Two such valves can be used in a four stage 
amplifier with a gain of one million and a volume of six cubic inches. 
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Fig. 35.25A shows a method of eliminating screen by-passes by using positive 
feedback from the plate of a following valve, while Fig. 35.25B demonstrates a screen 
regeneration circuit similar to the cathode regeneration circuit of Fig. 35.24B. 

Circuits for high frequency compensation by means of positive feedback used in 
place of compensating inductors are also given in Ref. 51. 

An analysis of a-f circuits with " cathode neutralization " will be found in Ref. 54 

Fig. 35.25. Positive feedback circuits for eliminating screen bypass capac11ors 
(Ref. 51). 

( viii) Other miscellaneous features 
Synthetic bass is described in Chapter 14 Sect. 3(viii) and its application in re­

ceivers in Chapter 15 Sect. 12(ii). 
Tone control is covered in Chapter 16. 
Whistle filters are covered in Chapter 16 Sect. l 1. 

SECTION 10 : REFERENCES 
REFERENCES DEALING WITH INTERFERENCE AND NOISE 
rt) Eagles field, C. C, "Motor-car ignition interference" W.E. 23.277 (Oct. 1946) 265. 
(2) Blok, L." Rad:o interference" Philips Tee. Rev. 3.8 (Aug. 1938) 235. 
(3) Ebel, A. J. "A note on the sources of spurious radiations in the field of two strong signals " Proc. 

I.R.E. 30.2 (Feb. 1942) 81. 
(4) Hall, G. G. "Design problems in automobile radio receivers" A.W.A. Tee. Rev. 4.3 (Nov. 1939) 

105. 
(5) Moore, J. B. "A.G.C.-noise considerations in receiver design" Elect. 18.5 (May 1945) 116. 
(6) Herold, E. W. "An analysis of the signal-to-noise ratio of ultra-high-frequency receivers" R.C.A. 

Rev. 6.3 (Jan. 1942) 302. 
(7) North, D. 0. "The absolute sensitivity of radio receivers" R.C.A. Re\• 6.3 (Jan. 1942) 332. 
(8) Friis, H. T. "Soise figures of radio receivers" Proc. I.R.E. 32.7 (July 1944) 419; correction 32.12 

(Dec. 1944) 729 ; discussion 33.2 (Feb. 1945) 125. 
(9) Ledward, 't. A." Transformer screening, suggestions for improvement" W.W. 50.1 (Jan. 19·14) 15. 

(10) (A) Nethercot, W. "Ignition interference" W.W. 53.10 (Oct. 1947) 352 
(B) Nethercot, W. "Ignition interference" W.W. 53.12 (Dec. 1947) 463. 
(C) Nethercot, W. "Car-ignition interference" W.W. 26.311 (Aug. 1949) 251. 

(11) Fabini, E. G., and D. C. Johnson "Signal to noise ratio in A-M receivers" Proc. I.R.E. 36.12 
/Dec. 1948) 1461. 

(12) Middleton, D. "Rectification of a sinusoidally modulated carrier in the presence of noise" Proc. 
I.R.E. 36.12 (Dec. 1948) 1%7. 

(13) (A) Hamburger, G. L. " Interference measurement, effect of receiver bandwidth" W.E. 25.293 
(Feb. 1948) 44. 

(B) Hamburger. G. L. "Interference measurement, effect of receiver bandwidth" W.E. 25.294 
(Mar. 1948) 89. 

REFERENCES RELATING TO BANDSPREADING 
(14) Moxon, L.A. "Making the Most o Short Waves" (1 W.W. 47.6 (June 1941) 148; (2) W.W. 

47.7 (July 1941) 180. 
(15) "A simple bandspread system for commercial receivers" A.R.T.S. and P. No. 112 (Aug. 1941) I. 
(16) "An economical bandspread system for communication receivers" A.R.T.S. and P. No. I 15 

(Oct. 1941) I. 
(17) "The padded signal circuit" A.R.T.S. and P. (I) No. 128 (Mar. 1943) J ; (2) No. 129 (May 1943) l. 
(18) Miller, J. M. "Thermal drift in superheterodyne receivers" Elect, 10.11 (Nov. 1937) 24. 
(19) Foster, D. E., and G. Mountjoy, "Short-wave spread bands in automobile and home receivers" 

Proc. I.R.E. 30.5 (May 1942) 222. 
(20) Woodbridge, F. H. "Bandspreading, its effect on the tuning rate" W.E. 42.204 (Sept. 1940) 394. 

Additional references will be found in the Supplement commencing on page 1475. 



www.pmillett.com

1286 REFERENCES 35.10 

GENERAL REFERENCES 
(21) Sturley, K. R. "Radio Receiver Design" Parts I and 2 (Chapman and Hall, London, Part l, 1943; 

Part 2, 1945). 
('.22} Zepler, E. E. "The Technique of Radio Design" (Chapman and Hall, London, 1943, John Wiley 

and Sons, New York, 1943). 
(23) Haller, C. E. "Filament and heater characteristic•" Elect. 17.7 (July 1944) 126. 
(24) Blatterman, A. S. "Sensitivity limlts in radio manufacturing" Elect. 18.11 (Nov. 1945) 141. 
(25) Potter, N. M. "Dry battery characteristics and applications" Proc. I.R.E. (Aust.) 7.1 (Jan. 1946) 3. 
(26) "Power Sensitivity of A•F Amplifier in Radio Receivers" R.C.A. Application Note No. 89 (March 

16, 1938) 2. 
(27) "Problems of Series Filament Operation, 1.4 Volt Valves" Rad'otronics No. 106 (Sept. 1940) l. 
(28) " Operation of Fifty Milliampere Tubes by the ll 7N7GT," R.C.A. Application Note No. 109 

(Nov. 13, 1940) l. 
(29) "Radio receiver design" Radiotronic., (1) No. 117 (Jan. 1946) 13; (2) No. 118 (Mar. 1946) 30. 
(30) Strafford, F. R. W. "Mains transformer protection" W.W. 53.2 (Feb. 1947) 51; correction 53.3 

(Mar. 1947) 94. 
{31) "An Inverse-Feedback Circuit for Resistance Coupled Amplifiers" R.C.A. Application Note 

No. 93 (June 8, 1938). 
(32) Toth, E. " High fidelicy reproduction of music" Elect. 20.6 /June 1947) 108. 
(33) Grisdale, G. L., and R. B. Armstrong, "Tendencies in the design of the communications type of 

receiver" Jour. I.E.E. 93 (Pt. 3) 25 (Sept, 1946) 365. 
(34) Green, A. L., and J. B Rudd, "A general purpose communication receiver" A.W.A. Tech. Rev. 

4.4 {Feb. l 940) 18 I. 
(35) Diallist, "The warning winker" W.W. 55.2 (Feb. 1949) 43. 
(36} "A.C./D.C. voltage dropping" W.W. 52.7 (July 1946) 236. 
(37) Sargrovc, J. A. "New methods of radio production" J. Brit. I.R.E. 7.1 (Jan. 1947) 2. 
(38) Brunetti, C., and R. W. Curtis "Printed circuit techniques" Proc. I.R.E. 36.l (Jan. 1948) 121. 
(39) Brunetti, C. "New Advances in Printed Circuits" (National Bureau of Standards, U.S. Dept. of 

Commerce, Miscellaneous Publication 192, Washington, 1948). 
(40) Proskauer, R. and H. E, Smith "Fungus an4 moisture protection" Elect. 18.5 (May 1945) 119. 
(41) "A.C./D.C. heater circuits" Philips Tee. Comm. No. 35, p. l. 
(42) Stanley, A. W. "Series capacitor heater circuits" W.W. 54.9 {SepL 1948) 332; correspondence 

54. 10 (Oct. 1948) 385. 
(4}) "Grid leak bias operation of high mu triode valves" Radiotronics 94 (Jan. 1939) 3. 
(44) Sterling, H. T. "Diode contact potential for negative bias" Elect. 20.10 (Oct. 1947) 164. 
( 45) Mc Proud, C. G. " Elements of residence radio systems " Audio Eng. (i) 32, 9 (Sept. 1948) 22 ; {ii) 

32.10 (Oct. 1948) 21; (iii) 32.11 (Nov. 1948) 20; (iv) 32.12 (Dec. 1948) 22. 
(46) Murray, A. F. "Present status of printed circuit techniques" Tele-Tech, 6.12 (Dec. 1947) 29. 
(47) Murray, A. F. "Evolution of printed circuits for miniature tubes" Tele-Tech, 6.6 (June 1947) 58. 
(48) McLaughlin, J. L.A." Heterodyne eliminator" Elect. 22.3 (March 1949). 
(49) Jaffe, D. L. "Intermediate frequency amplifier stability factors" Radio 30.4 (April 1946) 26. 
(50) Scroggie, M. G. "The a.v.c. characteristic" W.W. 44.18 (May 4, 1949) 427. 
(51) Sulzer, P. G. "Circuit techniques for miniaturization" Elect. 22.8 (Aug, 1949) 98. 
(52) "Cathode Ray" "Parasitic oscillations" W.W. 55.6 (June 1949) 206 
(53) Russell, G. H. " Intermediate frequency and the Copenhagen plan: new and serious interference 

problem " W.W. 55, 9 (Sept, 1949) 322. 
(54) Miller, J. M. "Cathode neutralization of video amplifiers" P.I.R.E. 37.9 (Sept. 1949) 1070. 
(55) " You Should Know About Batteries" Vesta Batter;- Company Limited. 
(56) "Self-charging battery/a.c. portable" Radio Electrical Weekly 28.26 (April 29, 1949). 
(57) "Australian self-charging battery/a.c portable" Radio Electrical Weekly 29.6 (June 10, 1949) 13. 
(58) Terlecki, R., and J. W. Whitehead" 28 volts h.t. and l.t." Electronic Eng. 19.231 {May 1947) 157. 
(59) Adams, P. H. " Developments in dry batteries and associated electronic equipment" Proc. I.R.E. 

Aust. 12.6 (June 1951) 167. 
(60) Information supplied by Mr. T. M. Chambers of Amalgamated Wireless Australasia Ltd. 
(61) Peters, R. G. "Printed circuit production and assembly techniques" TV Eng. 1.11 (Nov. 

1950) 20. 
{62) Tewell, W. A. "Printed drcuit design metho:ls and assem:,ly techniques" TV Eng. 3.2 

(Feb. 1952) 10 ; 3.3 (March 1952) 19. 

Additional references will be found in rhe Supplement commencing on page 1475. 



www.pmillett.com

CHAPTER 36 

DESIGN OF F-M RECEIVERS 

By E. WATKINSON, A.S.T.C., A.M.I.E.(Aust.), S.M.I.R.E.(Aust.) 

Section 
1. F-M receivers 
2. F-M/ A-M receivers 
3. References 

SECTION 1: F-M RECEIVERS 

Page 
1287 
1294 
1296 

(i) Comparison with A-M (ii) Aerial and r-f design (iii) Local oscillator design 
(iv) 1-F amplifier (v) F-M detection and A-M rejection. 

(i) Comparison with A-M 
Many of the problems encountered in F-M receiver design are new, but the majority 

are similar to those in A-M receivers and yield to similar treatment to that described 
in Chapter 35. 

The advantages conferred by F-M are not so great that an. obviously improved 
service will necessarily be available to the F-M listener unless suitable programme 
material is broadcast, and unless the receiver design makes full use of the increased 
dynamic range,frequency response and noise reduction which are possible with F-M. 

To obtain the advantages of the noise reducing properties of frequency modulation 
it is necessary to design the F-M receiver with considerable care. If this is not done 
the receiver can destroy much of the improvement obtainable. In many applications 
F-M does offer undeniable advantages over A-M but this is not true in every case. 
It should not be assumed that F-M offers a cure-all for every type of noise problem, 
and for some communication systems A-M may be superior to F-M (see Refs. 9 
and 24). 

The main differences between A-M and F-M receivers are due to the higher fre­
quencies used for the signal, local oscillator and intermediate frequencies, the need 
for greater i-f bandwidth, the different type of detection required and the necessity 
for some form of amplitude rejection. New techniques required for the higher 
F-M signal frequency would be equally necessary for an A-M system operating on 
the same frequency. 

(ii) Aerial and r-f design 
See also Chapter 22 (Aerials) and Chapter 23 (R-F Amplifiers). 
(A) The inductance of a straight non-magnetic wire with a length much greater 

than its diameter can be obtained (Ref. 1) from the approximate formula 
L 0.005 1[2.3 log1o (4 l/d 0.75)) (1) 

where L = inductance in microhencys, 
l length of wire in inches, 

and d = diameter of wire in inches. 
The inductance of one inch of 22 A.W.G. wire is thus 0.025 µH, and its reactance 

at 100 Mc/s is 16 ohms, so that when laying out circuits for use at v-h-f every lead 
used must be considered as an inductance. This factor, and the reduced input ad­
mittance of valves at v-h-f, are responsible for most of the problems in F-M receiver 
front-end design. 

1287 
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(B) Since at 100 Mc/s one quaner wavelength is only about 30 inches, it is quite 
possible to provide a tuned aerial system with F-M receivers. A type commonly 
used with console receivers is made from 300 ohm ribbon type transmission line. 
The usual arrangement is approximately half a wavelength long with the two wires 
connected together at the ends and one side cut to take the feeder. The aerial is 
tacked around the cabinet, on the back or inside, or it may be placed under floor 
coverings. 

Such aerials operate quite satisfactorily at distances up to fifteen or twenty miles 
from a transmitter in favourable circumstances, but they are too big for mantel models. 
However a "mains aerial" (or "line antenna") consisting of a small capacitor 
between one side of the mains and the hot end of an unbalanced aerial primary can 
be used with comparable results. 

For improved results in difficult locations an outside aerial should be erected 
as a matter of course, and in all cases it is advisable to investigate the effect of slight 
changes in position or orientation of the aerial since they may make a large difference 
to the signal strength. This is due to the fact that the dimensions of the waves are 
comparable with those of houses, rooms and even people, so that reflections occur, 
and standing waves exist which vary in amplitude with small changes in location. 
When a receiver is operated with an inbuilt aerial on low-level signals this is strikingly 
illustrated by signal strength variations being caused by reflection from people moving 
in the vicinity of the receiver. 

(C) Aerial coil design is greatly influenced by the input conductance of the first 
valve, but in all cases it is necessary for the layout of the stage to be such as to include 
as much as possible of the required tuned circuit inductance in the coil. This pro­
hibits the use of switching within the tuned circuit, and since a typical aerial coil 
secondary inductance might be 0.06 µH (less than the inductance of two inches of 
22 A.W.G. wire) a good system is to mount the secondary coil across the tuning con­
denser (if one is used) when no a.v.c. is applied to the input stage. If a.v.c. is used an 
assembly can be made of the tuning condenser, tuning coil and a.v.c. by-pass. In the 
usual case in which a 300 ohm transmission line is used, the main function of the aerial 
coil is impedance matching and no appreciable voltage gain is obtained. In some 
cases there may even be a slight loss. See Ref. 14 for calculation of aerial coil con­
stants, although in the example a 75 ohm transmission line is used. 

(D) The valve used in the first stage has a considerable effect upon the signal­
to-noise ratio of a receiver. Although the impedance* between the grid of the input 
valve and ground might be as low as say 800 ohms in a typical case, reference to 
Chapter 23 Sect. 6 shows that the equivalent noise resistance of the valve (probably 
of the order of some few thousands of ohms) is effectively in series with the input 
circuit and can thus be the most importance source of noise in the first stage. 

Also the input impedance of the first valve controls the Q (and thus the gain and 
selectivity) of the aerial coil. It is possible to increase this input impedance--or 
even make it negative--by using an unbypassed cathode resistor in the r-f stage, but 
inductance in the cathode circuit and inter-electrode and electrode-to-ground capacit­
ances, which are not accurately known, make it difficult to calculate the value of re­
sistor required. A convenient experimental procedure is to couple a signal generator 
to the aerial primary and to measure the voltage on the grid of the r-f valve with the 
heater open-circuited. When power is applied to the heater, the voltage on the grid 
of the valve will fall owing to its reduced (hot-cathode) input impedance. A suit­
able value of unbypassed cathode resistor will reduce this drop to negligible pro­
portions. 

The effect of the resistor on changes in input capacitance with changing a.v.c. 
voltage (see Chapter 26 Sect. 7(ii) also Figs. 23.15 and 23.16) should be checked before 
the value of the resistor is finalized. 

(E) The main problem with r-f stages is instability, and apart from the causes 
experienced at lower frequencies, impedances common to the input and output of the 

•see Chapter 2 Sect. 8 for valve admittances. 
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stage become particularly important. These impedances are usually inductances 
and at 100 Mc/s the inductance of the rotor shaft of the gang condenser becomes 
sufficiently important in some cases to determine the maximum gain that can be ob­
tained from a r-f stage. This is one reason for the use of permeability-tuned signal 
frequency circuits, or of loaded resonant lines with a movable short-circuiting bar 
(Ref. 2). Other couplings can be avoided to a large extent by returning all leads from 
the input circuit to one point and leads from the output circuit to a different point. 
If two cathode leads are available in the r-f valve they should be used for this purpose. 

Coupling from output to input of the r-f amplifier can be caused by inadequate 
internal shielding due to an impedance between the screen grid and the cathode. 
This is usually due to the induetance of the leads in the screen by-pass capacitor, but 
this inductance can be put to good effect by series tuning it to the operating frequency. 
By using a small (100-500 µµF) mica capacitor with leads as short as possible, perhaps 
½ in .. in all, much better by-passing is obtained than with larger capacitors. The 
actual frequency of series resonance is not particularly critical. In the case of penta­
grid converters of the 6BE6 type satisfactory by-passing is particularly important to 
prevent undesired impedances from appearing in the oscillator circuit. 

Owing to the impedance at signal frequencies of the B+ and filament leads it may 
happen that more than one B+ by-pass is necessary. Hot spots may occur in the 
tuning range, and self-resonant by-passes (100-500 µµF mica) should be tried at 
various points in B+, a.v.c. and heater wiring. 

A stage gain of JO can usually be obtained from a r-f stage without undue trouble, 
and higher gain (at least up to 15) is possible, particularly when there is no coupling 
between grid and plate circuits in the rotor shaft of a gang condenser. 

(iii) Local oscillator design 
See also Chapter 24. 
Local oscillator stability is important in a F-M receiver because much of the noise­

reducing ability of the receiver depends on the centring of the signal on the dis­
criminator characteristic. Detuning in excess of about 25 Kc/scan noticeably affect 
noise reduction and audio distortion (Ref. 11). On the other hand even a technical 
user of a F-M receiver can make tuning errors of this order. It is necessary therefore 
for the local oscillator stability to be of the order of 25 Kc/s in 100 Mc/s, i.e. 2½ parts 
in 10 000, if the receiver performance is to be unaffected. 

This requirement is not easy to meet and an average figure for an uncompensated 
oscillator is more like 8 parts in IO 000. By keeping heat sources away from the 
oscillator circuit and introducing compensation after all possible precautions have 
been taken, a Jong and short term stability of 2 parts in 10 000 is possible. 

Additional oscillator stability can be obtained by using automatic frequency control 
if the local oscillator is a separate valve, and if suitable control voltages can be ob­
tained from the detector circuit (Refs. 10 and 21). Improvements in oscillator stabil­
ity of five to ten times are possible, but care must be taken to see that the a.f.c. will 
allow the receiver to tune from a strong local station to a weak one in an adjacent 
channel. 

Some designs have used permeability-tuned-oscillator circuits to eliminate the 
temperature instability of a tuning condenser (Ref. 11). Harmonic operation has 
also been used and 5ives a reduction in frequency shift due to capacitance variations 
when a larger tuning capacitor is used to tune to the lower oscillator frequency. 

Harmonic operation has the added advantage of greatly increasing the separation 
between the oscillator and signal frequencies and it thus improves oscillator frequency 
stability in cases where pulling is experienced between oscillator and signal frequency 
circuits. 

For other methods of frequency stabilization see Chapter 24 Sect. 5. 
Grid-tuned and plate-tuned oscillators are not commonly used in the F-M band 

because the feedback winding becomes comparable in size with the tuned winding. 



www.pmillett.com

1290 (iii) LOCAL OSCILLATOR DESIGN 36.1 

This leads to tracking troubles and the possibility of an oscillator changing from grid 
tuning to plate tuning or vice versa in a particular band. 

Both Colpitts and Hartley circuits are used, the Hartley (Fig. 24.4B) probably be­
cause it is widely used on the broadcast band with 6SA7 type converters. However 
unless the receiver has only one waveband, switching of the cathode lead is necessary 
which introduces undesirable impedance between the cathode and the tap on the coil 
and may lead to parasitic oscillation. Added to this the Hartley circuit is in any case 
more prone to parasitic oscillation than the Colpitts, and is also liable to change over 
to a Colpitts type using valve interelectrode capacitances to give a tapping point in 
the oscillator circuit. 

Because of this, the Colpitts oscillator is 
e,, popular in F-M receivers, and a convenient 

.-.-----,.-,NW'-- arrangement for a two band receiver is shown 
in Fig. 36.1 (from Ref. 16). The inductance 
of the choke L1 is small enough to be negli­
gible on the broadcast band so that it is only 
necessary to switch one connection to the 
oscillator circuit to change from the F-M to 
the broadcast band. The ratio of internal 
capacitances between screen grid and cathode 
and between oscillator grid and cathode de-

F1G. 36., 7 termines the amount of feedback, and, if 
Fig. 36.1. Simplified switching desired, external capacitances can be added to 
from Colpitts high frequency os- modify the feedback and increase the grid 
cillator to Hartley medium wave current, as shown (C1 and C2) dotted on the 

oscillator. circuit. However, these capacitors also have 
an effect on the signal frequency circuit and sensitivity and signal-to-noise ratio should 
be checked at the same time as the oscillator grid current. It may be necessary to 
compromise between maximum sensitivity, maximum signal-to-noise ratio and maxi­
mum oscillator grid current. 

The chokes L 2 and L 3 comprise the two remaining sections of a trifilar choke made 
by twisting together three lengths of enamelled 28 A.W.G. copper wire and then 
winding 15 t).lms, closely-spaced, on a 9/32 in. former, t in. long. The sections 
L 2 and L 3 introduce impedance between the heater of the oscillator valve and ground 
so that variations in heater-cathode capacitance do not appear across a part of the tuned 
circuit. This is a recommended precaution against microphony and may improve 
frequency stability during the heating period (about five minutes) of the mixer. 

Care is needed in the local oscillator design to avoid microphony and modulation 
hum since any a-f variation in oscillator frequency results in an equivalent output 
from the frequency discriminator. A check on modulation hum produced by the 
local oscillator can be obtained by comparing the hum in the receiver output when 
intermediate frequency and signal frequency inputs are fed into the converter grid. 

(iv) 1-F amplifier 
See also Chapter 26. 
When the maximum Q allowable by bandwidth considerations is used in a F-M 

transformer the gain obtained with the types of valves currently used approaches 
the maximum gain possible without an undesirable amount of regeneration. Usually 
there are three valves amplifying at the intermediate frequency and the over-all gain 
is greater than 10 000 times, so that regeneration problems are common. 

A convenient method of tracing regeneration is described in Ref. l. It consists 
of feeding the i-f signal to the hot side of the plate circuit of the second last i-f ampli­
fier by means of a very small capacitor (3 µ,µ,F or less), retrimming the circuit, and 
converting the detector to an A-M type by open-circuiting one diode and replacing 
it with an appropriate capacitor to keep the circuit aligned. When A-M signals are 
fed into the amplifier the output will be due to the generator and to any regenerative 
effects from earlier stages which may be present. If the receiver output is decreased 
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by short-circuiting the input of the second last i-f amplifier regeneration exists and 
various parts of the receiver can be short-circuited to trace it. 

The method has the advantage of making it possible to deal with regenerative 
signals alone in the first stage instead of regenerative plus desired signals as when 
tracing regeneration by more conventional means. In addition the A-M signal genera­
tor can be set to various frequencies in the passband of the i-f amplifier to trace re­
generation which may be more severe at some frequency other than the centre of the 
pass-band. 

When regeneration occurs due to plate-to-grid capacitance in a single valve the 
circuit of Fig. 36.2A (Ref. 5) provides economical neutralization as illustrated in 
Fig. 35.2B. Phase shifts and stray inductances complicate the circuit sufficiently 
to make the calculation of Cn difficult but an average value is about 3000 µ,µ,F and 
correct neutralizing is obtained when, using the tracing method just outlined, no 
change in output occurs as the input transformer is tuned through resonance by C2 • 

0 
c0,Ac .. @( )@ 
c,yc• 

FIG. 36,2 
8 

Fig. 36.2. Circuit for i-f amplifier neutralization (A) Actual circuit (B) Capacitance 
rearranged to show bridge (Ref. 5). 

Series resonance can be obtained in i-f by-passes by allowing half-inch leads 
with typical 0.01 µ,F paper capacitors. Larger values may give less by-passing and 
once the self-resonant frequency is passed the effective series impedance increases 
more rapidly than the frequency at which the by-pass is used. 

The i-f amplifier design can be responsible for poor noise rejection on the part of 
the receiver unless adequate stability is provided against the effects of time, tempera­
ture, moisture and varying signal strength. The detuning of one or more i-f tuned 
circuits from the centre point of the discriminator characteristic will result in de­
creased noise rejection whether or not a limiter is used (Ref. 3). 

Stability versus time characteristics are usually satisfactory when good trim­
mers are used, but compression type mica trimmers may give trouble, particularly 
when the effects of vibration in transit between factory and the user's home are con­
sidered. 

The effects of temperature and humidity can be offset by suitable impregna­
tion methods for coils and the use of low temperature coefficient condensers to tune 
the transformers. Silvered-mica types are satisfactory as are most air-dielectric 
trimmers, 

Frequency instability with varying signal inputs applies to individual circuits 
rather than to the i-f amplifier as a whole and can be caused by a decrease in regenera­
tion as gain is reduced by a.v .c. application or by valve input capacitance changes due 
to a.v.c. applied to i-f amplifiers or to sudden changes in the amplitude of the applied 
signal in the case of limiters. One method of overcoming the latter trouble is to use 
resistance coupling between the last i-f amplifier and the limiter (Ref. 21), although 
this can only be done at the expense of gain and selectivity. 

When impulse noise is present the detuning with each pulse may result in phase 
distortion of the signal which will no longer be centred on a symmetrical pass-band. 
The noise itself will also be heard and under extreme conditions the effect of a limiter 
can be to increase noise, as the increase due to mistuning more than offsets any other 
effect of the limiter (Ref. 3). 

In the absence of noise, detuning due to a.v.c. application decreases the amplitude 
rejection of the receiver and may increase phase distortion. 
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On the other hand, some detuning due to a.v.c. might be preferable to the amount of 
detuning caused by overloading in the grid circuits on strong signals. Resistance­
capacitance networks having suitable time constants are often used to provide ad­
ditional self bias when the signal strength is high. This system is usually preferred 
to normal a.v.c. application. 

To minimize detuning effects the i-f amplifier must be non-regenerative and the 
capacitors on the secondary--at least--of limiter input i-f transformers should be 
increased as much as the consequent reduction in gain will ailow. If the primary can 
conveniently be wound with a different number of turns from the secondary the prim­
ary inductance may be increased when the secondary inductance is reduced and gain 
will be unchanged if V L ,L,Q ,Q, remains constant. This should not be carried to 
the point where detuning of the primary circuit becomes noticeable either when valves 
are changed or due to differences in wiring capacitances between different chassis. 

In addition, an undue increase in L,,, can cause the grid-to-plate gain to become 
excessive, resulting in instability. 

The same precautions can be taken with the input circuits of stages to which a.v.c. 
is applied and in addition an unbypassed cathode resistor can be used to reduce input 
capacitance changes. Figures 23.15 and 23.16 show the effect of varying values of 
unbypassed cathode resistors on the change in input capacitance of type 6AC7 and 
6AB7 valves. For type 6BA6 a common value of resistor is 68 ohms. 

(v) F-M detection and A-M rejection 
There are three main methods of performing the functions of F-M detection a.id 

A-M rejection in commercial F-M receivers, the limiter-discriminator combination, 
the ratio detector and the locked oscillator. See Chapter 27 Sect. 2 for design details 
and Ref. 8 (from which some of the following information is taken) for a consideration 
of the capabilities of each. The effect of the type of detector used on over-all re­
ceiver performance can be summarized as follows. 

(a) Assuming reasonably high a-f sensitivity, the use of a ratio detector can save 
one valve from the number required for a receiver using a limiter and discriminator 
or a locked oscillator. 

(b) The downward A-M handling capability of the ratio detector is less than that 
of the other two types. For the ratio detector an average figure is about 60% for 
medium and large inputs whereas the other types rapidly approach 100% once their 
threshold input is passed. Serious distortion occurs in a ratio detector if the down­
ward amplitude modulation is excessive since this stops the diodes from conducting 
(see Chapter 27 Sect. 2). 

(c) The ratio detector gives some A-M rejection at very small inputs whereas the 
limiter discriminator combination has a threshold (the beginning of limiting) below 
which there is no A-M rejection. The locked oscillator also has a threshold--the 
input required to lock the oscillator. As a result, interstation noise levels on a re­
ceiver using a ratio detector are noticeably low for a given sensitivity. 

For medium and high inputs all three types reduce amplitude modulation to a small 
percentage of the original, with the proviso in the case of the ratio detector that the 
downward amplitude modulation must not exceed about 60%. 

An amolitude modulated signal tuned to the mid-point of a balanced discriminator 
will not give any a-f output, and in such a case the A-M rejection of the discriminator 
alone is 100%. However, if the signal is not centred on the discriminator character­
istic there will be some a-f output. 

Even 100% A-M rejection will not remove noise from a F-M carrier. If the carrier 
is considered as a rotating vector and at a particular instant a noise carrier of twice 
the amplirnde and with a 180° phase difference is added to it, the resulting carrier 
will be unchanged in amplitude but rotated through 180° by ~he noise. Thus, phase 
modulation (and so equivalent frequency modulation) of the desired carrier has oc­
curred and noise must appear in the output of the detector. Since the amplitude is 
unchanged there will be no limiting. In practice, both amplitude and frequency 
modulation of a desired carrier occur, and although the receiver may have 100% A-M 
rejection the effect of the frequency modulation cannot be eliminated. 
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( d) The output of a ratio detector is proportional to the average amplitude of its 
input so that some form of a.v.c. is desirable. With the other two rypes output is 
almost independent of input above the threshold level, although some form of a.v.c. 
is often used to prevent overloading of i-f stages and the consequent detuning. 

(e) With each type there is a side tuning response when the signal is tuned to the 
skirt of the i-f selectivity curve. However in the case of the ratio detector this is at 
a much lower level than the main response and tuning is not a great deal more difficult 
than with an A-M receiver. 

The limiter discriminator circuit gives distorted side responses at a level at 
least equal to the correct tuning position and tuning is not easy for non-technical 
users, unless a suitable tuning indicator is incorporated in the receiver. 

The locked oscillator circuit. may produce severe distortion as the signal crosses 
the locking threshold in the side tuning positions, or stations may tune with a definite 
" plop " as the oscillatqr locks. 

If a.f.c. is used it is possible to arrange for the receiver to be pulled rapidly through 
the side responses by the a.f.c.,. thus minimizing their effect. 

In general, the saving of a valve and the desirable tuning characteristic of the ratio 
detector make it attractive. However more care is needed in design to obtain correct 
balance between the two diode circuits for maximum noise rejection, and the limited 
downward modulation handling capability means that the selectivity of the i-f am­
plifier must be closely controlled in production. If this is not done, excessive selec­
tivity due to decreased coupling may introduce more amplitude modulation than can 
be handled by the ratio detector (even without the possible addition of noise) result­
ing in severe distortion. 

The standard de-emphasis characteristic required has a falling characteristic 
with increasing frequency and is equivalent to that provided by a simple circuit having 
a time constant of 75 microseconds. The components used to filter i-f voltages 
from the detector circuit are given suitable values to provide this de-emphasis. Fig. 
15.1 gives the standard curve. 

Valves designed especially for limiting and F-M detection are available, namely 
the gated beam discriminator type 6BN6 and the Philips " </,-detector" type EQBO. 

In the 6BN6 two grids are operated in a quadrature phase relationship at centre 
frequency and the phase of one grid voltage is caused to vary with respect to the other 
about the quadrature point as the frequency is varied. The quadrature voltage is 
developed by space charge coupling to a special grid to which a parallel tuned circuit 
is connected. Limiting is obtained by controlling the current of an electron beam by 
an apertured slot located in the beam in a region of high current density. 

Typical performance of the 6BN6 (Refs. 25, 26) is that with a F-M intermediate 
frequency of 10.7 Mc/s the output voltage for 75 Kc/s deviation is about 4.5 volts 
r.m.s. Maximum A-M rejection with 30% A-M and 30% F-M modulation applied 
simultaneously is about 35 db. The A-M rejection with respect to signal input varies 
but at least 20 db of A-M rejection is obtained with 1 volt input and from 15 to 30 db 
at signals above 1.25 volt r.m.s. An a-f output of 3.7 volts with less than 1 % distor­
tion can be obtained using iiccelerator and plate supply voltages of 60 and 80 volts. 
Higher voltages and correspondingly higher plate loads will give an a-f output up 
to 15 volts r.m.s. for 75 Kc/s deviation which is sufficient to drive the output valve 
directly. 

The EQ80 (Ref. 27, from which the following information is taken) contains seven 
grids of which the second, fourth and sixth grids are screen grids and the seventh is 
a suppressor grid. To each of the control grids a voltage of at least 8 V r .m.s. is applied 
from an i-f transformer. The mean value of the anode current is a function of the 
phase shift between the two control voltages whilst the phase shift is a function of 
the frequency deviation. Both functions are approximately linear when the phase 
shift has a sweep between 60° and 120°. 

The amplitude of the anode current is not dependent upon the magnitude of the 
control voltages (provided they are greater than 8 V) so that the valve also acts as a 
limiter. The </,-detector gives an a-f output of about 20 to 25 volts. The first grid 
can be arranged to cut off the 91thode current if the control voltages are not large 
enough, so that interstation noise is suppressed. 
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SECTION 2 .: F-M/ A-M RECEIVERS 

(i) R-F section (ii) 1-F amplifier (iii) General considerations. 

(i) R-F section 
The valve complement and other major features of a combination F-M/ A-M re­

ceiver are determined by the F-M requirements almost exclusively, and the A-M 
receiver operates with a suitable selection of the parts already in use. 

There are of course some additions, and the A-M tuning device is one. The two 
tuning systems may use separate gang condensers or separate permeability tuning 
arrangements or a combination of the two. There are two well-known systems of 
tuning the two bands with one control, one using a tuning condenser with A-M and 
F-M sections on the same rotor shaft, and the other with a cam on the rotor shaft of 
a normal A-M type gang, the cam operating slugs in the F-M coils. 

On the F-M band, tuning should be accurate within about 20 Kc/s in a band of 
20 Mc/s--one part in one thousand--which is comparable with a required A-M setting 
accuracy of about l Kc/sin a band of about 1000 Kc/s. Thus a tuning rate which is 
satisfactory for the A-M broadcast band should be suitable for the F-M band. 

Much of the ingenuity in combined F-M/A-M design is directed towards the 
elimination of switching, particularly in hot circuits. This is not so much to save the 
cost of the switching but to avoid the losses in leads to switch contacts and in the 
additional stray capacitances which are introduced. 

One example of this can be seen in Fig. 36.1 where one switch section is saved by 
converting the oscillator from a Hartley on F-M 01POLE 

A-M to a Colpitts on the F-M band. 
Fig. 36.3 (taken from Ref. 10) shows a 
system of combining short wave A-M input 
with F-M band input without switching 
and without undue loading of one circuit 
by the other. 

Untuned r-f amplification also saves 
switching, and choke coupling can conveni­
ently be used or a mixture of choke feed for 
the r-f amplifier on the F-M band and re­
sistance feed on the A-M band. In this 
case there is of course a considerable loss in 
image rejection compared with that obtain­
able with tuned r-f amplification. 

FIG. n.J 

n , £1E--~ 
~SW.INPUT 

+ 
Fig . . 36.3. Combined F-M band 
and A-M short wave band input 

circuit (Ref. 10). 

Other systems which have been used include a circuit in which the r-f stage is used 
only on the F-M band with an A-M loop switched to the converter grid for A-M 
reception, and a more complicated one (Ref. 4) in which the F-M signal is converted 
by a 12BE6 to the 10.7 Mc/s intermediate frequency and is then amplified by a second 
12BE6 operating as an i-f amplifier. On A-M the second 12BE6 becomes the con­
verter by comparatively simple switching, and an A-M loop is connected to its grid 
while the F-M second i-f amplifier becomes the single A-M i-f amplifier. The first 
12BE6 is not used in A-M reception. · 

(ii) 1-F amplifier 
As in the r-f section of the receiver, it is important to avoid switching hot circuits 

in the i-f amplifier, and the fixed tuning and large frequency difference between 
10.7 Mc/sand 455 Kc/s fortunately makes a simple series connection of the two i-f's 
quite satisfactory (see Chapter 26 Sect. 3). 

One trouble experienced with this system is that when operating on A-M, spurious 
responses (e.g. oscillator harmonics) can set up large signals across the 10.7 Mc/s 
tuned circuits and may overload later i-f amplifiers, interfere with a.v.c. arrangements 
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I-f' Amplihcr Roi.0;...0ftcc:ro, Or1¥cr Ratto -Octcctor 

.,. 
Combined F-M A-M i-f channel using one A-M i-f amplifi.rr and two F-M 

i-f amplifiers. 

or cause other trouble depending on the circuit of the subsequent sections of the re­
ceiver. To minimize this trouble it is common practice to switch the converter output 
to the appropriate (10.7 Mc/s or 455 Kc/s) winding. In such a case the secondary 
and all other i-f windings (except the output windings) would be series connected. 
Separate converters, each connected only to its own i-f, have also been used. This 
eliminates the spurious response trouble, allows very simple switching between bands 
(only the converter B supply need be switched) .and allows more flexibility in the F-M 
oscillator design. 

Wh .. n using a ratio detector, two i-f amplifiers are needed, and with a limiter­
discriminator combination an extra valve is required. As against this the i-f amplifier 
for an A-M receiver needs only one valve, particularly if of the high slope type com­
monly used as F-M i-f amplifiers. 

One method of obtaining an extra F-M i-f amplifier was mentioned in sub-section (i) 
the case in which the A-M converter was switched to carry out this function. How­
ever, the more usual arrangement is shown in Fig. 36.4 for the case of ratio detector 
F-M receiver. A combined detector of the triple-diode-triode type could be used to 
save one valve, but the main point is that the last A-M i-f is not connected in series 
with the F-M winding, to avoid the necessity for switching a high level i-f circuit. 

F-M detection can be carried out by tuning the F-M signal to the skirt of the i-f 
response and applying the resultant amplitude and frequency modulated wave to a 
diode. The amount of A-M introduced can be high (see Fig. 26.6) so that a few times 
greater detection sensitivity is available than from a conventional discriminator. 
This is obtained at the expense of distortion, the degree of which is dependent on the 
degree of non-linearity of the i-f skirt characteristic, and the circuit also gives two 
tuning points. Tuning must be for minimum distortion which is not necessarily 
obtained at the same tuning point as maximum volume or maximum signal-to-noise 
ratio. An additional disadvantage is that the circuit has no inherent amplitude re­
jection properties, as has a discriminator, although a limiter could be used. 

(iii) General considerations 
The problem of providing comparable a-f output on F-M and A-M has different 

aspects depending· on the type of detection used in each case 
With a ratio detector the a-f output is approximately proportional to the r-f input 

so that some form of a.v.c. is needed, •as with an A-M diode detector. The direct 
voltage generated by the detector provides an excessive amount of control when 
applied to the grid of the i-f amplifier unless high a-f gain is provided or unless delay 
is used. The circuit of Fig. 27.38B can be used for delay if a diode is available. 
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However " partial limiting " as discussed in Chapter 27 Sect. 2(iv)C provides a 
satisfactory a.v.c. characteristic and at the same time removes the need for any other 
means of A-M detection since if suitable constants are used this is carried out satis­
factorily in the control grid circuit of the driver of the ratio detector. The direct 
voltage available from this circuit can also be used as an a.v.c. voltage for previous 
stages (on A-M or F-M). 

If about one third of the a-f voltage developed in the " partial limiter " grid circuit 
is used on A-M, and the full ratio detector output on F-M, similar a-f output will be 
obtained from the receiver over a range of input signals with each system. 

A small discriminator bandwidth (some commercial designs have a width of only 
200 Kc/s) will increase the a-f output, which would allow a larger fraction of the 
A-M output to be used, and increase the output available from small signals with 
each system. 

In the case of a limiter-discriminator combination having A-M taken from the 
input to the limiter stage, the a-f output is high and almost constant on F-M but 
is much less with small inputs on A-M. A poor A-M a.v.c. characteristic which 
allows the a-f output to increase rapidly can provide approximately equal F-M 
and A-M output when reasonably large A-M signals are received. 

SECTION 3 : REFERENCES 

(1) Freeland, E. C. "F.M. receiver design problems" Elect. 22.l (Jan. 1949) 104. 
(2) Berhley, F. E. "Tuning without condensers" F.M. & T. 7.8 (Aug. 1947) 35. 
(3) Landon, V. D. " Impulse noise in F-M reception" Elect. 14.2 (Feb. 1941) 26. 
(4) Frankhart, W. F. "Low cost FM-AM receiver design" Tele-Tech 7.4 (April 1948) 40. 
(5) Gustafson, G. E., and J. L. Rennick," Low cost FM-AM receiver circuit" Tele-Tech 7.10 (Oct. 

1948) 36. 
(6) Beard, E. G. " Intermediate frequency transformers for A.M.-F.M. receivers" Philips Tee. Com. 

6 (Nov. 1946) 12. 
(7) "Fremodyne F•M receivers" Elect. 21.l (Jan. 1948) 83. 
(8) Loughlin, B. D. "Performance characteristics of FM detector systems " Tele-Tech 7.1 (Jan. 

1948) 30. 
(9) Nicholson, M. G. " Comparison of amplitude and frequency modulation" W.E. 24. 286 (July 

1947) 197. 
(10) Aram, N. W., L. M. Hershey and M. Hobbs "F-M reception problems and their solution" Elect. 

20.9 (Sept. 1947) 108. 
(11) Benin, z., "Modem home re<:eiver design" Elect. 19.8 (Aug. 1946) 94. 
(12) " FM standards of good engineering practice as released by the Federal Communications Com­

mission on September 20, 1945" FM & T. 5.10 (Oct. 1945) 28. 
(13) Bradley, W. E. "Single-stage F-M detector" Elect. 19.10 (Oct. 1946) 88, 
(14) Sandel, B. "An F-M receiver for the 88-108 Mc/s band" (i) Radiotronics 125, (May 1947) 39 ; 

!ii) 127, (Sept. 1947) 79. 
(15) "A new approach to F-M/A.-M receiver design" Elect. 20.7 (July 1947) 80. 
(16) Harris, W. A., and R. F. Dunn," An a.c.-d.c. receiver for AM and FM" Radio and TV News, 

40.5 (Nov. 1948) 62. 
(17) Crocker, A. G. "Is discriminator alignment so difficult" W.W. 54.9 (Sept. 1948) 312. Corres­

oondence, 54. l O ( Oct. 1948) 386. 
(18) '' Balanced phase shift discriminators" R.C.A. Lab. Report LB-666. Reprinted Radiotronics 

120 (July 1946) 83. 
(19) "The ratio detector" R.C.A. Lab. Report LB-645. Reprinted Radiotronics 120 (July 1946) 79. 
(20) " Use of the 6BA6 and 6BE6 miniature tubes in FM receivers" R.C.A. Application Note AN-121. 

Reprinted Radiotronics 129 (Jan. 1948) 15. 
(21) Hershey, L. M. "Design of tuners for A-M and F-M" Tele-Tech 6.8 (Aug. 1947) 58. 
(22) Plusc, I. " Investigation of frequency modulation signal interference" Proc. I.R.E. 35.10 (Oct. 

1947) 1054. • 
(23) Miner, C. R. "FM receiver front-end des,gn" Tele-Tech 6.5 (May 1947) 34. 
(24) Tatt C, E. " The application of super-regeneration to frequency-modulation receiver design, 

Proc'. I.R.E. (Aust.) 8.4 (April 1947) 4. 
(25) Hasse, A. P. "New one-tube limiter-discriminator for F-M" Tele-Tech (l( 9.1 (Jan. 1950) 21 ; 

(2) 9.2 (Feb. 1950) 32. 
(26) Adler, R. " A gated beam discriminator " Elect. 23.2 (Feb. 1950) 82. 
(27) Jonker, J. L. H., and A. J. W. M. van Overbeek "The '1>-detector, a detector valve for frequency 

modulation" Philips Tee Rev. 2.1 (July 1949) !. 



www.pmillett.com

CHAPTER 37 

RECEIVER AND AMPLIFIER TESTS AND MEASUREMENTS 

By E. WATKINSON, A.S.T.C., A.~.I.E.(Aust.), S.M.I.R.E.(Aust.). 

Section 
L A-M receivers 
2. F-M receivers 
3. Audio frequency amplifiers 
4. Measurements on coils 
5. References 

SECTION 1 : A-M RECEIVERS 

Page 
1297 
1314 
1321 
1325 
1327 

(i) Introduction (ii) Definitions (iii) Equipment required (iv) Measurements 
and operating conditions (v) Me1purements (vi) Performance tests. 

(i) Introduction 
Few of the results of measurements made on radio receivers can be expressed as the 

difference between an ideal receiver and the receiver under test. For this reason it 
is desirable to adopt standard methods of measuring the performance characteristics 
of receivers and of presenting the results ·of those measurements. When this is done 
direct comparisons between receivers are possible, whereas if for instance one manu­
facturer expresses noise as the percentage of output voltage remaining when the 400 
c/s 30% modulation is removed from the modulated carrier required to give standard 
output, and another follows the English R.M.A.* recommendation and expresses it 
as the unmodulated r-f input carrier for which the output is equal to the output given 
by a 10% modulation of that carrier at 1500 c/s, then it is not easy to form any opinion 
of the relative merits of receivers measured under the two systems. 

Unfonunately there is no standard international method of measuring receiver 
performance and the two series of tests due to the American I.R.E. (Ref. 1) and the 
English R.M.A.* (Ref. 2) differ in important details. The main requirements of the 
two testing specifications are given in this chapter. 

(ii) Definitions 
(A) Standard input voltages (I.R.E.) " Four standard input voltages are speci­

fied for the purpose of certain tests, as follows : 
(1) A "distant-signal voltage" is taken as 86 decibels below one volt, or 50 micro­

volts. 
(2) A " mean-signal voltage " is taken as 46 decibels below one volt, or 5000 micro­

volts. 
(3) A "local-signal voltage" is taken as 20 decibels below one volt, or 100 000 

microvolts. 
( 4) A " strong-signal voltage " is taken as one volt. 

(B) Antenna sensitivity-test input (I.R.E.) " The sensitivity input is the least 
signal-input voltage of a specified carrier frequency, modulated 30 per cent at 400 
cycles and applied to the receiver through a standard dummy antenna, which results 

•This standard is now obsolete and it is understood that a new R.I.C. standard is in course of pre• 
paration. References to the old standard have been included where it appears that they convey useful 
information or follow current practice. 

1297 
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in normal test output when all controls are adjusted for greatest sensitivity. It is' 
expressed in decibels below 1 volt, or in microvolts." 

(C) Normal test output (I.R.E.) "For receivers capable of delivering at least 
1 watt maximum undistorted output, the normal test output is an audio-frequency 
power of 0.5 watt delivered to a standard dummy load. 

For receivers capable of delivering 0.1 but less than 1 watt maximum undistorted 
output, the normal test output is 0.05 watt audio-frequency power delivered to a 
standard dummy load. When this value is used, it should be so specified. Other­
wise, the 0.5-watt value is assumed. 

For receivers capable of delivering less than 0.1 watt maximum undistorted output, 
the normal test output is 0.005 watt audio-frequency power delivered to a standard 
dummy load. When this value is used, it should be so specified. 

For automobile receivers, normal test output is 1.0 watt audio-frequency power 
delivered to a standard dwnmy load." 

The English R.M.A. recommends a standard output of 50 milliwatts measured 
across a non-inductive resistance connected in place of the speaker voice-coil and with 
an impedance equal to the modulus of the voice-coil impedance at 400 c/s. 

A level of 1 mW has been suggested (Ref. 3) for communication receivers intended 
for phone operation or for connection to a land line. An alternative of 0.1 mW is 
suggested in Ref. 4 for special conditions. 

The use of 500 mW for large receivers has the advantage of decreasing the effects 
of hum and noise on the standard output, but when simple a.v .c. is used the sensi­
tivity may be affected by the a.v.c. before the standard output is reached, so that 
sensitivity and the a.v .c. characteristic both affect the results obtained. 

(D) Maximum undistorted output (I.R.E.) " The so-called maximum undis­
torted output is arbitrarily taken as the least power output which contains, under 
given operating conditions, a total power at harmonic frequencies equal to 1 per cent 
of the apparent power at the fundamental frequency. This corresponds to a root­
sum-square total voltage at harmonic frequencies equal to 10 per cent of the root• 
sum-square voltage at the fundamental frequency, if measured across a pure resist­
ance. (The root-sum-square voltage of a complex wave is the square root of the sum 
of the squares of the component voltages.)" 

(E) Bandwidth (I.R.E.) " As applied to the selectivity of a radio receiver, the band­
width is the width of a selectivity graph at a specified level on the scale of ordinates." 

(F) Standard antenna (I.R.E.) " A standard antenna is taken as an open single­
wire antenna (including the lead-in wire) having an effective height of 4 meters." 

(iii) Equipment required 
(A) Standard signal generator (English R.M.A.) " Signal generators shall 

give readings of microvolts to ± 10% up to 10 megacycles per sec. and to ± 25% 
above 10 megacycles. Their frequency calibration shall be within 1 % or within 
10 kc. whichever is the greater and incremental frequencies shall be within 0.5 kc; 
the modulation shall be accurate to within 1/10 of the nominal percentage." 

I.R.E. recommendations include the following three points:-
(1) At broadcast frequencies an output voltage indication accuracy within 10% 

is usually adequate. At higher frequencies an accuracy of indication within 25% is 
satisfactory. 

(2) A frequency indication accuracy of 1 % is generally sufficient, but for selectivity 
or interfering-signal tests the radio frequency should be adjustable in small incre­
ments about the desired frequencies and adjustment and indication to within 0.1 
per cent of the carrier frequency are desirable. 

(3) Frequency modulation should be kept as low as possible. The maximum 
permissible frequency modulation in cycles is given by (50 f, + l00)m, in which/. 
is the carrier frequency expressed in megacycles and m is the modulation factor. 

Built-in 400 c/s modulation facilities are usually provided, at least for 30% modu­
lation and sometimes for varying depths. The 400 c/s source should have low dis­
tortion (not greater than 1 %). It is desirable for modulation deptbs between 0 and 
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90% to be avaiblble and modulation distortion should be small. There should be 
provision for the connection of an external a-f generator so that the modulation fre­
quency can be varied between the limits of 30 and 10 000 c/s. 

The r-f output should be variable at least between· one microvolt and one volt, 
but a maximum output of two volts is useful. 

A smooth, backlash-free drive is necessary, with a movement slow enough and 
scale large enough for small increments of frequency to be accurately recorded when 
selectivity curves are being taken. 

Fig. 37.l. Standard 
dummy antenna and method 
of connection (from Ref. I). 

STANOAIIO 
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Ground 

FIG_-37,1 

(B) Standard dummy antenna (I.R.E.)" The elements of the standard dummy 
antenna are capacitors (C, and C2) of 200 and 400 micromicrofarads, respectively, 
an inductor L of 20 microhenrys, and a resistor R of 400 ohms, connected as shown 
in Fig. 37.1. The effective values of R, L, and C should be within 10% of the nominal 
values. The stray capacitance between any two points must be so small as to be 
negligible at operating frequencies, and the dummy antenna must be so devised as 
to avoid coupling to other equipment. If the output impedance of the attenuator of 
the signal generator is not negligible with respect to that of the dummy antenna, 
this impedance should be deducted from the respective constants thereof. 

The leads used in connecting the standard-signal generator through the dummy 
antenna to the receiver should be so short as to introduce negligible voltage drop. 
They should be shielded to reduce external fields." 

(C) Output-power-measuring device (I.R.E.) "The standard dummy load 
is a pure resistance which should be of sufficient power capacity to carry the maximum 
power output of the receiv11r without change in its resistance. If provided with taps, 
these should be sufficiently numerous to allow adjustment to within 10% of the proper 
value. The precbe value of the resistance of each step should be known. 

Dry-rectifier-type voltmeters, vacuum-tube voltmeters, or thermocouple-type 
ammeters are suitable for measuring the power delivered to the standard dummy 
load. They may read root-sum-square values and be calibrated in current, voltage, 
power, or directly in decibels; the former units being more commonly used. While 
dry-rectifier-type voltmeters are subject to temperature and frequency errors these 
are usually not of sufficient magnitude to affect the measurements seriously, so long 
as distortion is not high." 

(D) Audio-frequency generator The output of the a-f generator should be 
sufficient to modulate the r-f signal generator to 100% from 30 to 10 000 c/s, and to 
drive the output valve of the receiver to full output when connected to its grid circuit. 
The maximum harmonic distortion should not exceed 1 %. 

(E) Audio-frequency attenuator An attenuator is desirable which gives known 
a-f output voltages continuously variable between I V and I mV when supplied with 
a 1 V (or larger) input. Commercial type~ are available with an output range of I V 
to I µ,V. The calibration should be accurate (or the correction known) over the 
range of frequencies to be used. 

(F) Wave analyser A wave analyser is required to measure the relative magni­
tudes of harmonics and inter-modulation products. The I.R.E. requirements for 
such an instrument are " the accuracy of measurement of each frequency should be 
within 5% of the indicated harmonic amplitude, and sufficient selectivity should be 
available to prevent adjacent harmonics at any measured frequency from influencing 
the results. In this type of analysis it is, of course, necessary that the signal-generator 
harmonics be small in comparison with the harmonic distortion being measured." 
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A distortion-factor ~ter can be used to measure total distortion* i.e. the re­
ceiver output at all frequencies except the fundamental of the signal source. It is 
worth noting that the English R.M.A. definition of " distortion factor " is 

where n represents the order of an individual harmonic. This expressiont loads the 
higher harmonics in proportion to their order. 

An I.R.E. recommendation is " If an instrument is used which makes a lumped 
measurement of all distortion, by elimination of the fundamental, a high-pass filter 
should be used, in order to eliminate hum and similar low-frequency noise from the 
result." 

(G) Meters. Meters are required to cover the range of voltages and currents to 
be measu.ced. Valve voltmeters are useful for measuring small a.c. voltages and 
currents and for making measurements in which a minimum of circuit loading is 
necessary (e.g. a.v.c. bias voltages). 

(H) Equipment for acoustical tests A number of I.R.E. and English R.M.A. 
tests are of an acoustical nature. For information on the equipment required and the 
testing conditions, Refs. I and 2 should be consulted. 

(iv) Measurements and operating conditions 
(A) Output measurements The I.R.E. requirement is that output measure­

ments are to be made in terms of the power delivered to a standard dummy load, which 
is a pure resistance of a value equal to the 400 c/s impedance of the loudspeaker 
to be used with the receiver. Where an output transformer is connected between 
the radio receiver and the loudspeaker, the output transformer is to be treated as part 
of the radio receiver. 

There are special requirements when power output is to be measured in the presence 
of background noise. If the background noise power is smaller than the output 
power being measured, the incremental reading of output power may be used. With 
a thermocouple output meter the incremental output power is equal to the observed 
total power minus the observed noise power. If another type of output meter is used, 
a calibration should be made in terms of incremental power. 

If the background noise is greater than the output power being measured, it is 
desirable to use a band-pass filter tuned to the test audio frequency to remove the 
background noise wholly or partially from the output meter. This filter should be 
connected between the load and the output meter. 

Alternatively an electrodynamometer with its field synchronously excited from the 
original source of modulation can be used. 

(B) Summary of additional I.R.E. requirements " The operating voltage 
applied to a radio receiver should be held constant at the specified value during 
measurements of receiver characteristics. Certain receiver characteristics may be 
desired at other than normal test voltage, or over a range of operating voltages, in 
which case a statement of the voltages used should be included in the test data. In 
any case, tests should be made to check whether the receiver operates satisfactorily 
over the full range of operating voltage that is liable to be encountered in practice. 

A.C., A.C./D.C., or D.C. receivers should be tested with 117 volts r.m.s. A.C. or 
117 volts D.C. applied, unless some other operating voltage is stated. 

Automobile receivers should be tested with 6.6 volts at the receiver-battery terminals. 
The voltage should be obtained from a battery being charged at the required rate 
and not by the use of a dropping resistor. 32-volt farm-lighting-plant receivers are 
tested with 36 volts. 

•Total harmonic distort10n, see Chapter 14 Sect. 2 (iv) p. 609. 
tThis is the same as the Weighted Distortion Factor described in Chapter 14 Sect. 2(v) p. 610. 
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1498 SUPPLEMENT Chapters 37-38 

CHAPTER 37 

RECEIVER AND AMPLIFIER TESTS AND MEASUREMENTS 
ADDITIONAL REFERENCES 
43. Terman, F. E., and J, M. Pettitt "Electronic Measurements" McGraw-Hill, 2nd ed. 1952. 
44. Scroggie, M. G. "Radio Laboratory Handbook" Iliffe, London. 
45. Maurice, D., and G. F. Newell and J. G. Spencer "Proposed test procedure for F-M broadcast 

receivers" Electronic Eng. 24,289 (March 1952) 106; reprinted Radiotronics 18.3 (March 1953) 
39. Also gives results obtained on three actual receivers:. 

46. " British Standard Glossary of Terms for the Electrical Characteristics of Radio Receivers " /BS 
2065: 1954). Comments, W.W. 604. (April 1954) 188. 

47. "Recommended methods of measurement on receivers for amplitude-modulation broadcast trans­
missions" (1st ed. 1954), Central office of the International Electrotechnkal. Commission," Pub­
lication 69. Comments W.W. 60.6 (June 1954) 271. 

CHAPTER 38 
TABLES, CHARTS AND SUNDRY DATA 

Sect. 3 (xi) (F) British Radio Industry Council (page 1360) add after F5 :­
FSa.RIC/ 131 /B. Capacitors, fixed, paper dielectric, foil, in rectangular meta.leases. 

Additional definition 
Maximum output (in receivers). The greatest average output power into the 

rated load regardless of distortion. 

Abbreviations of titles of periodicals, pages 1367-1369, add 

Acustica 
Comm. Eng. 

High Fidelity 
Jour. A.E.S. 

Proc. I.E.E. 

Trans. I.R.E.-PGA 

S. Hirzel Verlag, Zurich. 
Communication Engineering, The Publishing House, 
Great Barrington, Mass. U.S.A. Previously known as 
FM-TV and FM-TV Radio Communication. 
Audiocom Inc., Great Barrington, Mass. U.S.A. 
Journal of the Audio Engineering Society, Box 12 
Old Chelsea Station, New YorJr ll, N.Y. 
Proceedings of the Institution of Electrical Engineers 
(Savoy Place, Victoria Embankment, London, W.C.2, 
England). 
Transactions Institute of Radio Engineers, U.S.A. Pro­
fessional Group Audio. 

Additional references to standard symbols and abbreviations page 1369) 
6. British Standard BS530 : 1948 "Graphical symbols for tele-communications," supplements 1, 2, 

3, 4 (in preparation). See comments, Bainbridf,e-Bell, L. H. " The standardization of symbols and 
the arrangement of electronic circuit diagrams ' Jour. Brit. I.R.E. 13.7 (July 1953) 339. 

7. "I.R.E. Graphical symbols for electrical diagrams" Proc. I.R.E. 42.6 (June 1954) 967. These 
are the same as the American Graphical Symbols for Electrical Diagrams, Y32.2-1954, American 
Standards Association, 

ADDITIONAL ITEMS 
Neutralizing circuits (reference to page 1065) 

These circuits in Figs. 26.19 and 26.21 are strictly not neutralizing circuits, but 
the effect achieved by using C N is similar to that achieved by true neutralization as 
it allows the effect of feedback due to grid-to-plate capacitance to be reduced to 
negligible proportions, although it does not completely eliminate it. 
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