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and also a grid input resistance component for each valve not less
than ten times the effective resonant impedance of its associated
grid circuit. In designing the amplifier we shall assume that valves
Ve, Vs and V, are identical and have the following constants :
Jm = 2 mA/volt, Cy, = 0-02 uuF and a slope resistance R, much
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Fia. 15.8.—The Individual and Overall Frequency Responses of the 1.F. Amplifier
Stages of Fig. 15.7.

greater than the resonant impedance of any anode circuit. Maxi-
mum amplification in any stage is obtained by making the effective

dynamic impedance B = Quw,L = ol 2 large as possible, i.e.,
T

the tuning capacitance C should be as small as possible. A suitable
minimum value is 50 puF so that starting at the last 1.F. amplifier
with the overcoupled circuits, we have for f, = 4-5 Mc/s

Cis = Cgy = 50 yuF

Ly, = Ly; = 25 uH

Q. = 405

Qky =2 or ky = 0:0494

M, = kL, = 1-235 uH.
The resonant impedance of either tuned circuit when not coupled
to the other is

Q. 40-5 x 1012

*Rpy == = = 28,700 Q
Dt 6.0 628 X 45 x 10° X 50

* Ry is the resonant impedance of either primary or secondary alone of
the transformer 7',, i.e., the numeral suffix 4 denotes the transformer number
in Fig. 15.7. Similarly, Rp; and Rpg apply to transformers 7, and 7',.
The numeral suffix of @ also denotes the transformer number.
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and maximum amplification at the peaks (f,4-100 kec/s) of the
frequency response of curve 1 in Fig. 15.8 is (see the expression
derived from 7.3f, Part I)
*4, = g—m—i—h = 287.

The damping resistances E;; and R, for an initial coil @, of 150 are
given by
2 _ ©Li@Qs _ 706 X 150 x 405

200 — Qs 150 — 40-5
and R, has the same value if the succeeding limiter stage does not
damp the circuit. In the next section a typical limiter stage is
shown to have appreciable damping on the L,,C,; circuit and R,
has to have a higher value than R,,.

The minimum input resistance component at the grid of V, is

from expression 15.4d

= 39,200 Q.

R o(min.)= 4 = 4x10t2 :
e g, 0C By 2X 103X 6:28 X 45 X 108 X 0-02 X 28,700
= 123,200 Q.

The resonant impedance of tuned circuit 7’5, consisting of L, and
C;,, must not therefore exceed 12,320 2 if the overall frequency
response is not to be seriously affected by feedback. But
Q, = 225

22-5 x 1012
O = ¥
T W Bp; 628 x 45 x 108 x 12,320
= 64-5 uuP.
L, = 194 uH.

If @, = 150 and (4, (500 uuF) has negligible reactance compared
with R, then

B — @ LoQu@s _ 549 X 150 x 22'5
® Qi — Qs 1275
= 14,550 Q.
Maximum amplification at f, = 4.5 Me/s is, for the single-tuned
circuit,
Ay =g, Rp; = 24-64.

* The numeral suffix to Amplification 4 and minimum grid input resistance
Ry(min.) defines the number of the valve in Fig. 15.7, with which it is
associated. Thus 4,4 is the amplification from the grid of ¥V, to its output
across the secondary of 7'y, and R ¢(min.) is the minimum grid input resistance
of valve V.
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The minimum grid input resistance

2
B (min) = ——— = 143,500 Q.
05( ) gmwogaRD3
The effective resonant impedance of transformer 7',, which is
identical with 7', is 5222 = 1—%’5- = 14,350 2, and this fulfils the

condition that it should be not greater than ;K. All the circuit
constants for 7', are identical with those of 7,, i.e.,

Cy = Cy3 = 50 uul

L, =Ls =25 ,uH

Q, = 40-5

M, = 1235 yH

A, = 287 at the peaks (f,4-100) ke/s

R, (min.) = 123,200 Q.

Transformer 7', must therefore have an effective resonant impedance
not exceeding 12,320 £, i.e., Ry, 3 24,640 2. The maximum value
of Ry, is, however, fixed because @, = 22-5 yuF and C,, is not less
than 50 puF.

Q 29-5 x 1012
SR ) = =
pi(Maz.) = G = 698 x 45 % 108 X 50
~ 15,900 0.

This value cannot be exceeded without reducing C,,, but as it is
less than the maximum permitted by feedback considerations it
simply means that feedback has even less effect. The constants
for T, are therefore
Cyz = Cy = 50 puF
L,=L;,=25uH
Q, = 225
Q.k, = 1ork, = 00445
M, = kL, = 111 uH.
Maximum amplification at the peak of response (f,) for the
frequency changer valve V, is
R
4, = g2
where g, = conversion conductance of the frequency changer valve
V..A probable value is 03 mA /volt.

15-9
Hence 4, = 0-3 % 5 = 2-385.

Feedback of 1.F. voltage into the grid circuit of ¥V, through the



328 RADIO RECEIVER DESIGN [cHAPTER 15

anode-grid capacitance can generally be neglected because the grid
circuit is tuned to a much higher frequency.
The values of RB,, and R,, are

Ry, = R, — 0, LQQ, 706 X 150 x 22-5
PR - 1275
= 18,700 2.

The overall amplification from the grid of ¥, to the output of
V., ie., to the limiter, is

2-385 x 28-7 X 24-64 X 287 X 0-63 = 30,500.

The factor 0-63 is included because of the 4-db. peak-to-trough loss
in V, and V,.

The total amplification from the grid of the r.¥. valve V, to the
output of Vg is 30,500 X 5-1 == 155,500, and assuming a signal-to-
noise ratio of 20 db., the minimum acceptable signal is 27-1 uV,
which produces an output voltage from V, of 27-1 x 0-156
= 4-22 volts. This is adequate for operating the limiter stage, the
minimum required input voltage for which is usually about 2 volts.

Suitable values for the numbered resistances and capacitances
in Fig. 15.7, which have not so far been specified, are tabulated
below :

Capacitances. Resistances.
Coyg = 0:001 uF Oy = 0-1 uF R, = 30,000 Q Ry = 1,000 Q
Cy = 01 uF Cgo = 0-00054F | Ry, = 20,0002 R, = 3002
C,s = 0-1 uF Cyo = 0001 4F | B,y = 01 MQ ge = 01 MQ
Oy = 01 uF Cyy = 01 uF R, = 1,000 2 30 = 30,000 2
Cyy = 0-01 uF C,y = 0-1 uF Ry = 300 Q Ry, = 20,000 Q
C,y = 0-01 uF Cy = 01 uF Ry = 0-1 MQ 33 = 1,000 2
Cyy = 0-001 uF Cy = 001 uF R,, = 30,000 2 Ry, = 300 2
Cys = 01 uF Cys = 0-01 pF R,y = 20,000 2
Cy = 0-1 uF

The A.¢.c. capacitance-resistance filters (C,eRys, CiR.s and
CiRs:s) have smaller values than their counterparts in the a.m.
receiver because undesired amplitude change of the F.M. carrier,
when fed back along the a.¢.c. line, tends to cancel the amplitude
variation of the carrier. It is a form of negative feedback. The
A.6.0. voltage is often derived from the limiter stage grid circuit
and the method of obtaining it is described in the next section.

15.8. The Amplitude Limiter.

15.8.1. Introduction. In order to take full advantage of
¥.M. transmissions, some circuit must be included in the receiver
to reduce to negligible proportions any amplitude modulation of
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the carrier due to noise or to variation in the overall frequency
response of the pass-band. This is essential because the a.F.
content of the ¥.M. signal is extracted by means of an amplitude
detector, such as a diode, after its frequency variation has been
converted to an amplitude modulation ; an initial A.F. amplitude
variation of the F.M. carrier is detected at the same time and produces
an undesired audio output.

There are five possible types of amplitude limiter :

(1) A saturated amplifier, having an amplification factor inversely
proportional to the amplitude of the input signal.

(2) A controlled local oscillator, locked by the frequency of the
F.M. input but having an output voltage independent of
the amplitude of the controlling signal. This type is
discussed in Section 15.10.4 as it primarily acts as a fre-
quency deviation reducer.

(3) An integrating device, having an output voltage dependent
upon the frequency of the input signal but independent
of its amplitude. This form of limiter is also a frequency-
to-amplitude converter and is described in Sections 15.9.4
and 15.9.5.

(4) A negative feedback system which detects the amplitude
modulation of the .M. signal and uses it to supply A.¢.c.
bias to the 1.¥. valves to reduce envelope as well as carrier
variations.

(5) A neutralizing device which detects the amplitude modulation
and supplies it in reversed phase to the r.M. audio output
so as to cancel the initial undesired amplitude variation.

15.8.2. The Saturated Amplifier Limiter. The saturated

amplifier is the most common form of limiter and will be considered
first. A typical circuit is shown in Fig. 15.9. The carrier input is
detected by the I,E, characteristic of the valve and automatic bias
is produced across ;. A change in carrier amplitude causes a
corresponding change in bias, i.e., increase of amplitude increases
the negative bias across R,;,. Provided the overall amplification
to the carrier fundamental frequency is inversely proportional to
the grid bias, and the bias voltage is a faithful reproduction of the
amplitude modulated envelope, there is no amplitude modulation
at the output. This condition can be approached by operating the
valve as a Class C amplifier with an I E, curve having a low bias
voltage cut-off ([, = 0) and a saturated characteristic for positive
bias voltages. Hence the valve ¥, has low screen and anode voltages
(about 40 volts). The negative (low I,;) half of the output current
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wave shape is limited by the cut-off bias point, which is fixed by
the screen voltage. The positive (high I,) half is limited by anode
current saturation, which is determined by the anode voltage, and,
to a less extent, by damping of the input voltage peak by grid
current. A low anode voltage causes the load line to operate into
the “knee” of the tetrode I K, characteristics and a saturated
I,E, curve is therefore produced. The resemblance of this type
of limiter to the “leaky grid ” detector may be noted ; it is, in
fact, this form of detector, working under saturated anode current
conditions, with an anode circuit tuned to the carrier funda-
mental instead of an aperiodic circuit accepting audio frequencies.
In the “leaky grid ” detector the time constant of the self-bias
circuit must allow the bias change to follow exactly the modu-

HT+
R3g

From Last
L.F. Amplifier
Valve Ve

Voltage | o HT -
Fia. 15.9.—The Saturated Amplifier Limiter Stage.

lation envelope, and this also applies to the limiter. A suitable
time constant is 10 to 20 microsecs. with R;q = 0-1 ML and
C4 = 100 yuF. 1If the time constant is too large, the bias is not
proportional to the amplitude modulation, and if it is too small,
the bias change is reduced and amplification control compensation
is inadequate. Typical limiter input-output curves are shown in
Fig. 15.10; curve 1 represents optimum limiting conditions with a
screen and anode voltage of approximately 40 volts ; output volt-
age falls slightly as the input voltage is increased. If anode voltage
is increased, output voltage increases (curve 2), but the general
shape of the curve remains unchanged unless anode voltage is con-
siderably increased, when output voltage often falls slightly after
the first maximum and then rises as the input voltage is increased.
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An increase in screen voltage (curve 3) moves the limiting point
to a higher input voltage, roughly in proportion to the increase in
E,, and also tends to greater variation in output voltage. R,
affects the rate of fall of output voltage with increase of input,
a high value exaggerating the tendency to a decrease in output
voltage (curve 4).

Variations in the frequency response over the pass range of
tuned ecircuits following the limiter cause amplitude modulation of
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Fia. 15.10.—Input-Output Voltage Curves for the Saturated Amplifier Limiter.

Curve l.—Eq = E; == 40 volts.

Curve 2.—Eg; > 40 volts, E; = 40 volts.
Curve 3.—Es = 40 volts, K, > 40 volts.
Curve 4.—E4 = H;= 40 volts, Ryq = 1. M Q.

the r.M. signal, which results in harmonic distortion of the a.F.
output when the frequency deviation of the signal is large. It is
essential that these circuits should have least possible variation over
their pass range, whilst offering appreciable attenuation to the
harmonics of the F.M. signal produced by the limiting action. If
the loss of response is symmetrical on either side of the tuning
points, the a.r. distortion of the output consists mainly of odd
harmonics (third, fifth, etc.). Variations in the frequency response
of circuits preceding the limiter are compensated by its action.
A suitable value for the @ of the anode circuit of the limiter is 4-5 if
it is a single-tuned circuit or 14-2if it consists of a pair of critically
coupled tuned circuits. The single circuit gives a loss of approxi-
mately — 0-15 db. (representing 1-99, change of amplitude) at
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4:54-0-1 Mc/s and a loss of — 16-7 db. (representing an amplitude
reduction to 14-659,) at the 1.F. second harmonie, 9 Mc/s. Owing
to the large off-tune-to-resonant frequency ratio, the loss is calculated

0 o

from expression 4.8¢, Part I, using F = > o) The corre-
r
sponding values for a loss of — 0-15 db. at 4:5 4- 0-1 Mc/s with
a pair of critically coupled circuits is @ = 14-2 and the loss at
9 Mc/s = — 47-1 db. (an amplitude reduction to 0-44%). The
coupled circuits are clearly very much better than the single circuit.
The frequency-amplitude converter, which follows the limiter, can,
with advantage, constitute the anode load of the latter, but it may
be preceded by a separate valve amplifier. Grid current, taken by
the limiter valve V,, has a damping effect on the tuned circuit
L,,C4r, and it is equivalent approximately to a resistance of 3R,
(see Section 8.2.5, Part I). Hence R,; must be such as to give a total
resistance of 39,200 2 when paralleled by 50,000 £, i.e.,
39,200 x 50,000
* ™ 50,000 — 39,200
The required low value of 40 volts for screen and anode voltage is
obtained from the 250 volts H.T. supply by means of the potential
divider made up of B;s and R;,, 40,000 and 10,000 2 respectively.
The decoupling capacitors Cy, and C5;, 0-1 uF and 8 uF (electro-
lytic) respectively, by-pass r.F. and A.F., the latter being produced
by the limiter action. O, is required in addition to s, because the
latter may not be non-inductive.

Since across R;q in Fig. 15.9 there is a negative voltage pro-
portional to carrier amplitude, it forms a convenient source of
A.G.c. voltage for the L¥. stages of the receiver. There are dis-
advantages as well as advantages to controlling the r.F. valve as
well. The disadvantages are that bias changes on the latter alter
its input admittance and affect appreciably the damping and tuning
of the aerial circuit. On the other hand, reduced output from the
R.F. valve helps to prevent overloading of the frequency changer
with increase of input voltage, and so reduces the possibility of
spurious responses.

15.8.3. The Negative Feedback A.G.C. Limiter. The nega-
tive feedback A.¢.c. limiter * principle could be applied to reinforce
the action of the saturated amplifier limiter. It only involves
modification of the a.g.c. filter, so as to allow the A.F. components

= 181,500 Q.

* Patent. R. C. A., P. F. G. Holst and L. R. Kirkwood (U.S. Applica-
tion No. 441,254).
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across the load resistance R, in the saturated amplifier grid circuit
to be passed back to the controlled valves with practically no phase
shift or attenuation up to frequencies of about 5 ke/s. Decoupling
capacitors C,4, C5, and C,, in Fig. 15.7 must be decreased to about
50 upF, which means a maximum phase shift of 9° and attenuation
of — 01 db. at 5 ke/s. Attentuation at 4-5 Mec/s is 43-0 db.
Should any tendency to ILF. instability appear, the decoupling
capacitor C,, should be increased first, as this has the greatest
amplification after it. Any tendency to instability can often be
prevented by placing C,, and R,; inside the screening can of their
associated LF. transformer. R.F. chokes may be used in place of
the filter resistances to give more R.F. attenuation, but care must
be exercised to see that they are properly shielded from hum, noise
or R.F. pick-up. When this form of limiting is used alone, the
A.G.C. voltage must be derived prior to the last I.F. stage, which is
itself supplied with a.¢.c. bias. If there is no controlled 1.F. stage
after the a.a.c. detector, amplitude limiting cannot be fully effective
because the final output voltage supplies the a.¢.c. bias, which
must increase with increase of input voltage. Control of an 1.F.
amplifier following the a.@.c. detector enables a flat or falling
output-input voltage characteristic to be obtained by suitably
proportioning the aA.¢.0. bias applied to this stage.

15.8.4. The A.F. Neutralizing Limiter. The neutralizing
limiter * applies the audio output from the ¥.M. receiver detector
to the grid of a frequency changer or modulator valve such as the
hexode shown in Fig. 15.11. This output consists of the desired
A.¥. content of the F.M. signal, amplitude modulated by noise,
interference, or the selectivity characteristic of the 1.F. amplifier
tuned circuits. The initial undesired amplitude variation of the
F.M. signal is separately detected and applied to the other grid in
reverse phase to that of the undesired amplitude modulation of the
desired audio output. The amplitude of the undesired audio input
to the hexode grid is adjusted to neutralize or demodulate the
undesired a.M. of the desired audio input. The output of the
hexode valve V, now contains the desired audio output (free from
undesired amplitude modulation) and also the undesired audio
output. The latter is removed by applying the hexode output to
the grid of one valve (V,) of a pair with push-pull input and parallel
output circuits. To the other valve (V) grid is applied a proportion
of the undesired audio signal, which is just sufficient to cancel the
undesired signal appearing in the parallel anode circuit from V,.

* Patent. R. C. A. and M. G. Crosby (British Application No. 360/43).
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g 0 H.7.+
AF Output
from .
Desired F.M. and Undesired -AM. _'
13
i AF.Output
v,  from
Desired
. FM.
§ > o H.7.-

F1a. 156.11.—The a.r. Neutralizing Limiter.

15.9. The Frequency-Amplitude Converter.

15.9.1. Introduction. The chief difference between frequency
and amplitude modulated reception lies in the method of making
intelligible the A.F. signal conveyed in the modulation. There are
two basic principles underlying methods of detecting frequency
modulation, the more common system converts the frequency
deviation into an amplitude change of carrier, and the resulting
amplitude and frequency modulated signal is applied to an amplitude
detector such as a diode. The latter is not responsive to the
frequency variation and ignores it. The second method involves
the use of an integrating device such as a valve charging or dis-
charging a capacitor. The valve circuit may be of the super-
regenerator, multivibrator or squegging oscillator type, and it is
“ triggered ”’ by the LF. input voltage. The duration (it must be
much shorter than the period of the maximum 1.¥. frequency) and
magnitude of the resulting pulse of current is determined solely by
the valve and its associated circuit, i.e., it is practically independent
of the amplitude of the ‘ triggering ” voltage. The number of
pulses per second is, however, dependent on the intermediate
frequency, and the mean current taken by the valve is there-
fore proportional to the 1.F. The result at the output is an
amplitude modulated signal, which is proportional to the original
frequency modulation, and which can be detected by the normal
methods.

We shall deal first with the frequency-amplitude converter type.
The conversion must be accomplished in a linear manner, i.e., the
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amplitude change is directly proportional to the frequency change,
and it must be performed efficiently so that the resultant amplitude
modulation is large. Many of the advantages of frequency modula-
tion disappear if the frequency-amplitude conversion efficiency is low.

15.9.2. The Amplitude Discriminator Converter. One of
the earliest methods ! of frequency-to-amplitude conversion was to
apply the r.M. signal to a circuit off-tuned from the carrier unmodu-
lated value. For example, a parallel-tuned circuit, connected in the
anode of a tetrode or pentode valve, produces an output voltage-
frequency curve as shown in Fig. 15.12, when a constant-amplitude
variable-frequency input voltage is applied. If this circuit is

A Amplitude

Amplitude
Variation
OQutput

AN
Nl_ ——

5

(ORI W

Frequency
Variatian
Input

F16. 16.12.—Frequency to Amplitude Conversion using the Selectivity Characteristios
of a Parallel Tuned Circuit.

detuned (above or below) from the unmodulated carrier frequency,
frequency modulation results in an output voltage of amplitude
proportional to the frequency deviation of the carrier. It is, how-
ever, only linearly proportional if the carrier frequency deviation is
confined to the approximately linear part 4B of the curve, the centre
of which occurs at a frequency, off-tune from the resonant frequency,

of Af = 0-375 ‘g By applying the output voltage to an amplitude

detector, such as a diode, an A.F. signal, corresponding to the
original signal modulating the carrier, is obtained. Although varia-
tion of frequency is occurring simultaneously with change of ampli-
tude, only the latter is detected by the diode. Hence it is possible
to receive and detect a F.M. transmission on an A.M. receiver provided
the latter is off-tuned from the ¥.M. carrier unmodulated value.
This method of detection is very inefficient, partly because it is
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dependent on the slope of the output voltage-frequency curve,
which for practical circuits is not very high, but mainly because the
tuned circuit is operated in the detuned condition with consequent
reduced overall amplification. Furthermore, full advantage cannot
be taken of increased frequency deviation of the carrier, for the
circuit must be damped (see the dotted curve in Fig. 15.12) to
increase the linear part of the curve, and conversion efficiency is
reduced.

A second method of frequency-amplitude conversion suppresses
one set of sidebands. In Chapter 1, Part I, a frequency modulated
wave was shown to consist of a carrier vector (of frequency equal to
the unmodulated value) and pairs of sidebands spaced = f,.0q. & 2fmod.
etc., from the carrier, the odd numbered sideband pairs combining
into a resultant vector at 90° to the carrier and the even pairs into
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Fia. 15.18.—Frequency to Amplitude Conversion by Suppression of One of
a Pair of Sidebands.

a resultant in line with the carrier. The addition of the first pair
of sidebands (f, - feq) to the carrier gives the frequency (and ampli-
tude) modulated carrier of Fig. 15.13, and taking this as a basis we
see that suppression of one of the sidebands results in the mainly
amplitude modulated carrier vector, whose locus of operation is the
circle ABC. The amplitude modulation is not directly proportional
to the original modulation even when all sideband pairs are con-
sidered, and detection of the A.M. resultant by a diode produces
a distorted A.F. output containing mostly second harmonic. The
suppression of one-half of the sidebands is clearly inefficient since
the transmitted energy in these is not being used. Both disadvan-
tages may be overcome by applying the ¥.M. wave to two channels,*
one having a filter suppressing the upper frequency sidebands and
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the other a filter suppressing the lower frequency ones. The
schematic diagram is shown in Fig. 15.14. The diode detector
outputs are connected in opposition so that an unmodulated carrier
produces zero volts across AC. The amplitude variations of the
carrier at the outputs of the two filters are in phase opposition—
the upper sideband in Fig. 15.13 is subtracting from the carrier
when the lower is adding—and frequency modulation causing the
voltage to rise across AB reduces the voltage across BC. Thus
there is a double increase in A.F. output voltage change across AC.
The phase-opposing connection of the detected output also leads

Carrier and
FM. Input Upper

Side-bands
] = AF

Oui’put
Carrier and —l

Lower
Srde-bands

Fie¢. 15.14.—Frequency to Amplitude Conversion by Detection of the Carrier
and Upper Sidebands, and Carrier and Lower Sidebands.

to cancellation of the second harmonic distortion in the amplitude
variation, and the resultant voltage across AC is therefore a repro-
duction of the A.F. signal modulating the transmitter.

The third type of frequency-amplitude converter employs a fre-
quency discriminator similar to the one used to translate frequency
error into a D.c. biasing voltage for automatic frequency correction
of the oscillator of a superheterodyne receiver. Either amplitude
or phase discriminator (Section 13.4.2) is suitable, but the latter is
almost always used in F.M. receivers because it presents fewer
practical difficulties (stray capacitance coupling occurs between the
two distuned circuits of the amplitude discriminator), a symmetrical
characteristic can be more easily obtained, and it has a high
frequency-to-amplitude conversion efficiency.

Linearity of discriminator output voltage-frequency character-
istic is most important if an undistorted A.F. output is to be obtained
from the F.M. signal, and this is achieved in the amplitude dis-
criminator by satisfying the condition.

S
Q=357 - - - - 188
where f, = resonant frequency of one of the off-tuned circuits
Af = f, — fr = £100 ke/s

M
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and f,, = the mid frequency of the discriminator at which the
D.c. outpub voltage is zero, i.e., it is the intermediate frequency.

Condition 15.5 is also that which gives maximum slope to the
discriminator when Af is fixed, and curve ABODE in Fig. 13.6a is
therefore applicable to the frequency-amplitude converter. It is
only necessary to change the frequency scale from 465 ke/s at
0 to 4-5 Mc/s,and 463 and 467 ke/s to 4-4 and 4:6 Mc/s to get the
characteristic of a suitable frequency-amplitude converter for
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Fia. 15.15.—The Amplitude Discriminator Characteristic for
Frequency-to-Amplitude Conversion.

Af = 100 ke/s. This is done in Fig. 15.15. Calculation of the
component values for the frequency-amplitude converter discrimina-
tor shown in Fig. 15.16 follows the lines set out in Section 13.4.2.
The required average value of @ for the tuned circuits 1 and 2 is
4-5
= ﬁ = 22'5.
The maximum value of the resonant impedance of either circuit
i1s limited by the anode-to-anode capacitance, C,;,, of the two
diodes D, and D,, which forms a coupling between the two circuits.



15.9.2] FREQUENCY MODULATED RECEPTION 339

Coupling is caused between the primaries by the anode-earth
capacitance C,p of the amplifier valve, and this sets a limit on the
voltage transfer efficiency from primaries to secondaries. Assuming
an anode-to-anode capacitance for the diodes of 1 uuF, we have
a coupling reactance between the circuits of 35,400 2, so that we
cannot allow the resonant impedance of either tuned circuit to
exceed about 10,000 2. In calculating the component values for
—0 H.T.+

—~OH. T/~

F1e. 15.16.—The Amplitude Discriminator as a Frequency-to-Amplitude
Converter.

the circuits we shall take the mean frequency of 45 Mc/s and
assume that the circuits are identical except for the values of C, and
C,, which are adjustable for resonance at 4-4 and 4-6 Mc/s. Calcula-
tion of the damping resistances R, and R, is made on the assumption
that the frequency is f,,. The error introduced is not very large
and has little practical significance. Thus

. . Ry, 10,000 x 10

L=li=L-= w,@ 628 X 45 x 10° x 225
= 157 uH.

C, = 832 uuF (f, = 44 Mc/s)

C, =760 uuF (f; = 4-6 Mc/s).

If the anode load resistances are 0-1 MQ, the damping due to

conduction current is 50,000 2, so that the resonant impedance of
the tuned circuit of initial @ = 150 and excluding R, is

Qow,, L .50,000 66,500 x 50,000

R, = - = 28,600 Q.
D Qow,, L 450,000 116,500
28,600 x 10,000
= 4o 2 T = 15,350 Q.
Hence R, 18,600

The reactance of an anode-earth capacitance of 15 uuF on the
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primary side is 2,360 2 at 4:5 Mc/s. The reflected resonant imped-
2
ance across the primary is Rl,(%) , and this must be much less

than 2,360 2; let us take a value of 500 2. Thus

% = V0-05 = 0-2235
and M = 3-51 uH.
A possible coupling coefficient £ = L_ = 0-35 is attainable, so
vL,L
that
L, = 6-41 yH.

The resonant frequency of C,p (15 puF) with the sum of the
primary coil inductances, 2Lp, is 11-48 Mc/s, which is sufficiently
far away from the 1.F. and the second and third harmonics of the 1.F.

The slope of the frequency-amplitude conversion characteristic
at the centre point O (Fig. 15.15) is given by twice expression 13.2 as

8.(22-5)2100
(45 x 10%)22%

The slope of the characteristic O in volts per ke/s per 1 volt

peak input is for g,, = 2 mA/volt and n; = 0-85.

S(mazx.) = = 0-00707.

S = 0-007079,,,&%%

= 0-00707 X 2 x 1073 x 10% x 0-2235 X 0-85
= 0-0269 volts / ke/s off-tune / 1 volt peak input.

The stray capacitance coupling between the circuits can be
neutralized by providing mutual inductance coupling between the
coils. Cancellation is achieved by making

M G ie M _C,
VLL, V0.0, L 0/
where O, is the total equivalent stray capacitance on the secondary
side between the two tuned circuits. For cancellation M’ should
be in a positive direction (see Section 3.4.2, Part I); in a negative
direction it adds to the coupling due to C,.

15.9.3. The Phase Discriminator Converter.’8 Since the
phase discriminator functions in a manner similar to the amplitude
discriminator, converting a frequency into an amplitude change, it
may be used as a frequency-to-amplitude converter in a F.M. receiver.
The general behaviour of this discriminator has already been
examined in Section 13.4.2, and the circuit diagram of Fig. 15.17 is
very similar to that of Fig. 13.10. The valve feeding the dis-




15.9.3] FREQUENCY MODULATED RECEPTION 341

criminator is assumed to be the limiter valve V,. Resistances
R;; and R,, are added across the primary and secondary of the
phase discriminator in order to obtain the required pass-band width
of 4100 ke/s. The primary voltage is coupled to the centre-tap
of the secondary through C;,, its voltage appearing across R,; and
R,;, which are in parallel to the 1.F. voltage. R.F. choke coupling
(Ls in Fig. 13.10) is not used because the extra damping due to
R,, and R,; being in parallel with the primary is still insufficient to
give the band width, and an additional resistance R, is required.

H.T+
éﬁss

—0 H.T.-

F1a. 15.17.—The Phase Discriminator as a Frequency-to-Amplitude
Converter.

Q

The characteristics required from the phase discriminator when
it is to function as a converter are not exactly the same as those
needed for A.¥.c. purposes. Linearity of output voltage with change
of frequency is all important, and maximum slope (the requirement
for A.F.c.) must be sacrificed for this. To determine the shape of
the characteristic and estimate the conditions for linearity of con-
version over the desired pass-band range, we must turn to the
fundamental equations for primary and secondary voltages set out
in Section 18.4.2. These are, for the primary,

14j@.F
E, =g E el . . 15.6
# = Ol 0 P 47QuF) + Q.0
and for the secondary __
. L
AN
E2 = nggRDl ! . 15.7.

QA +HQF )1 +jQuF) + Q.9
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The total voltage applied to one diode is B v = E, — 3£, and
to the other Epy. = E,+4E,, and the output voltage of the dis-
criminator is the numerical difference between the amplitudes of
E 4% and HEyx multiplied by the detection efficiency of the diodes, i.e.,

Exx'=77d(|EAx|"‘|EBX'|)

=g | B, — $B: | — | B, +3E, ) - . 158.
The secondary voltage can be rewritten in terms of E, as
— Jj@.k L1

E, =B, Y1 15.9
(1+jQ.F)

[ JQZkJ—] [ szkJE(l—ngF)}
Bax =B\ 1450 150.m) L RGN

E,x Q. F _ Jou
T E YR T @ - 1810

so that

E,
where ¢ = E— Q.k JE at F = 0, i.e., at the mid frequency f,.
E, x

— Q. F 2 o
lE1| - J[1+2[1+(Q2F)2])] +4[1+(Q2F)2]2' 15.11a

d | Epx | _ ___ @F ? o? .15.11b.
o A ~/ [1 2[1+<QzF>21] @y

The vector relationship represented by expression 15.9 is shown

in Fig. 13.11, and the variation in the length of || % || can be
1

measured from this figure for different values of @,F and selected

values of «, or alternatively it may be calculated from expres-

| Zpx |
| 2, |
| B x|
| £, |
discriminator if | E,| has a constant amplitude. The relative
voltage output is plotted in Fig. 15.18a over a range of @, F from
0 to +2 (the other half of the curve from @,F = 0 to — 2 is the

gion 15.11a. can be found in a similar manner, and sub-

tracting it from

gives the relative voltage output from the

same shape inverted) for % =1,2,3,4and 6. The most noticeable
1
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Fr1a. 15.18a.—The Variation of Phase Discriminator OQutput Voltage Against

Frequency Off-tune from the Resonant Frequency. Primary Voltage is
assumed constant.

E; /
40 -
35
30

A
oo

NUAS

25
A

Relative Voltage Output

Ratio Decrease in Linearity of

20

4 V
7-: o v
I =
74 // /
72 %

7 ——’/
0o 02 04 06 08 1 12 14 16 18 2

L

F1e. 15.185.—Ratio Decrease of Linearity of Phase Discriminator Output
Voltage against Off-tune Frequency. Primary Voltage assumed constant.
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effect is that maximum output occurs at a large value of @.F as

B, is increased, and none of the curves is truly linear. A second
1
set of curves is drawn in Fig. 15.18b to show the departure from

linearity, which is expressed in the form of ten times the ratio of
the relative voltage output at a particular @,F to the voltage
output at @,F = 0-1 multiplied by the particular value of @Q.F
being considered. We see from Fig. 15.18b that the general tendency

is for the curve to become more linear as 172 is increased, though
1
. . E
there is not much difference between the curve for - = 4 and

E,
E,
that for = 6.

The divergence of these curves from the required straight line
characteristic can be offset if E, can be made to increase with
increase of Q,F, and this is possible by a suitable choice of coupling
between the secondary and primary. If we assume that @, = @,
a series of curves of the ratio increase of £, upon its value at f,,(F = 0)
can be plotted against QF for different values of the coupling factor
@k. The problem is greatly complicated if @, and ¢, are not equal,
because a separate set of curves must be drawn for each value of
@, and @,, and there is seldom any practical advantage to be gained
by making them unequal. The ratio increase of E, with increase
of QF is, from expression 15.6,

| B, _ [V14@F)f[1+Q%)
VBilp=o  V[1+Q¥k* — F?)*+4Q%F?

and it is plotted in Fig. 15.19 as a series of curves for selected values
of Qk. To find the most suitable value of @k for compensating the
ratio decrease of Fig. 15.18b, the curves of Fig. 15.19 should be
drawn on transparent paper and placed on top of those of Fig. 15.18b.
Any two curves which then coincide will give the conditions for
a linear characteristic over the range of QF for which they are
coincident. Greatest range of QF over which a linear characteristic
is obtained is from 0 to 1 with % = 2 and Qk = 2. The resultant
1
characteristic is linear up to QF = 0-8 and falls away slightly at
QF =1 where the output is about 2%, low. A slightly lower
value of Qk could be chosen with some reduction of the linear
range of QF, and this has the advantage of giving a higher frequency-

15.12
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Fige. 15.19.—The Ratio Increase of Primary Voltage against Off-tune Frequency
for the Phase Discriminator.
E,

to-amplitude conversion efficiency. Thus for Q% = 1-5, 7= 2, the
1

linear range of @F is reduced to approximately @F = 0 to 0-8, but
conversion efficiency (expression 15.13) is increased in the ratio

1@ _ 5 _ .

@k T 32 T
provided R, is unchanged. The relative voltage output-QF char-
acteristics for the two values of @k, 1-5 and 2, are shown in Fig. 15.20.
The peak of the characteristic for Qk = 1-5 oceurs at a much lower
value of @F (1-5) than that (1-9) for @k = 2, and this, coupled with
its higher frequency-amplitude conversion efficiency, suggests the
smaller value of @k to be the better practical proposition, in spite
of the reduced linear range of QF. It is interesting to note that
Qk = 2 gives the maximum possible correction over the useful
range of @F, and a linear characteristic cannot be obtained for

E
values of Ez’ which correspond to curves on Fig. 15.18b, having
1

a greater reduction than the correction produced by the curve for
@k = 2 of Fig. 15.19. Thus a linear characteristic is unobtainable

for values of % < 2. Correction is possible for higher values of
1

E
— than 2 ; lower values of Qk are required and the linear range of
1
QF is reduced, e.g., g—z = 3 requires @k to be 1-25 and a linear
1
range is obtained from QF = 0 to 0-85.
M*
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Fra. 15.20.—The Relative Voltage Output—@QF Characteristic of a Phase

2

Discriminator for g— =

1

2 and @k = 1'5 and 2.

To illustrate design features the following constants are assumed :

Jm = 45 Mec/s, carrier frequency deviation = 4-75 ke/s,

E,

=2 =2, Qk = 15,

E,

hence

Taking QF =1 at Af = 100 ke/s allows the carrier frequency
deviation of +75 ke/s to be accommodated on the linear part of
the characteristic; and this gives
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_fm_4'5_ .
Q= g = 5g = 225
and k=1Q;5=o-067.

In Section 13.4.2, expression 13.8 for the slope of the character-
istic at O (Fig. 15.15), or the sensitivity of frequency-amplitude
conversion at f, (F = 0), is

Q% [ L2
Swa0) = 29nBmnaliy Ly AT 15.13
1+ @@ (1 7°5)
1
2 x 225 x 2

m DU 10% % 325 X V3

= 435 X 10739, By, n.E,, volts per ke/s.
Maximum sensitivity is clearly obtained when Rj, is as large as
possible, and this means the highest possible value of L,, which in
turn is limited by the maximum practicable value of L,. The latter
is determined by the minimum permissible value of secondary
tuning capacitance, which we shall assume to be 50 yu¥. Thus
referring to Fig. 15.17

053 = 50 HHF, Lla = 25 ‘ILH
L13
Ly = 1-77
The higher value of primary capacitance, C,, is an advantage
because the stray capacitance, e.g., across E,; and R,,, is greater
than across the secondary.
Ry, = 0,L:,Q = 628 X 45 x 141 x 22:5
= 9,000 2.
If g,, = 2 mA/volt and 5; = 0-85, the sensitivity of frequency-
amplitude conversion is
Sp_g = 435 X 1073 X 2 X 1078 X 9,000 x 0-85 X 1
= 0-0665 volts per ke/s per 1 volt input at the grid of V,.
The output voltage (K x x-)-frequency characteristic of the discrimina-
tor is obtained by multiplying the vertical scale of Fig. 15.20 by
4.75, i.e., using the left-hand scale, and converting the QF scale to
a frequency scale by noting that f = 4:-5 Mc/s at QF = 0 and
44 and 46 Mc/s at QF = —1 and -1 respectively.
The damping resistances Rj, and R, in Fig. 15.17 have next to

= 14-1 uH and C,, = 885 uuF.
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be calculated. If the diode load resistances B,, and R,, are 0-1 M.2,
the primary circuit is damped by these two in parallel (0-05 M)
and also by the two diode conduction currents, which are equivalent
to two 0-05 MQ in parallel, i.e., 0-025 M. Hence the total damping
resistance across the primary, apart from R, is equal to 0-05 MQ
in parallel with 0-025 MQ, viz., 16,666 Q. If the initial @, of the
coil is 150, the total damping resistance necessary to reduce this
to 225 is

R, — 0, L1000 628 X 45 x 141 x 150 X 22:5

2 Qe —Q 127-5
— 10,600 Q
so that R,, — 10:666 X 10,600 _ o9 500 0.
6,066

For the secondary side

L13,QQ
R, — PmT 1% _ 13800 0
“ G —Q
of which the damping resistance due to detection is that from the
conduction resistances in series, i.e., 0-1 MQ. Hence

100,000 x 18,800
81,200

The coupling capacitor Oy, in Fig. 15.17 is 100 uuF, the R.F. by-pass
capacitor Cy, is 50 uuF and in the R.F. filter before the a.r. amplifier
Ry = 0-2MQand Cy; = 100 yuF. The mutual inductance coupling
My between L, and Ly; is kV Ly Ly, = 1:255 uH (B = 0-067).

Correct tuning and adjustment of the phase discriminator is
best carried out in the manner described in Section 13.4.2. The
primary and secondary, with C;, disconnected and coupling less
than critical (Qk < 1), are tuned for maximum voltage across either
one of the diode load resistances, R,, and R,,, when the input
frequency is 4-5 Mec/s. O, is now connected and the primary
re-tuned for equal positive and negative pn.c. voltage peaks across
the two load resistances (points XX’ in Fig. 15.17) at approximately
equal off-tune frequencies from 4-5 Mc/s. The secondary is next
tuned vo produce zero D.c. voltage across XX’ at 4-5 Mc/s. Finally,
the mutual inductance coupling M, is increased until the equal
positive and negative D.c. voltage peaks occur at 4-65 and 4-35 Mc/s.
(QF = 1-5 from Fig. 15.20.) The required linear characteristic
should then be obtained.

The effect of primary and secondary mistuning on the dis-
criminator characteristic has already been discussed in Section 13.4.2.

By = = 23,100 Q.
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Variations of M, i.e., Qk, cause the characteristic to pass through
the phases illustrated by curves 1, 2 and 3 in Fig. 15.21. Curve 1 is
obtained when M, is too small, the linear range of @QF is restricted
and the peaks are close to off-tune frequencies corresponding to
QF = 1. Curve 2 illustrates the case for the correct value of M,
ie., @k = 1-5, while curve 3 shows how linearity is lost by increasing
M, beyond its optimum value, a double S-shaped characteristic

-+
§
S
L - 2
g} ~N3 o4
L o7 /T2 ~
$ )T 7 I
/ / . -
é / Q& Increasing
/
174
Y/
Sl
y £ Frequency —»
]

Increasing

——

Fie. 15.21,—The Effect of increasing Mutual Inductance between Primary
and Secondary of the Phase Discriminator.

Curve 1: M too small
Curve 2: M correct for maximum linearity.
Curve 3: M too large.

being obtained. As M, is increased the positive and negative
peaks continue to increase in amplitude.

15.9.4. The Integrating Converter. The integrating fre-
quency-amplitude converter, which also acts as a limiter, may
consist of a regenerative amplifier, a multivibrator, or a squegger
oscillator, the operation of which is controlled or triggered by the
intermediate frequency. All these circuits tend to produce short
sharp pulses of current, the duration and amplitude of which are
dependent on the circuit constants and are practically independent
of the amplitude of the triggering voltage. Thenumber of pulsespro-
duced are controlled by, and are directly proportional to, the frequency
of the latter. The mean current value of these pulses is proportional
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to the intermediate frequency so that the mean current amplitude
varies in accordance with the frequency deviation of the 1.F. carrier
and reproduces the A.F. content of the latter.

An example of the regenerative* type is shown in Fig. 15.22.
Two pentode valves (hexodes may equally well be employed) are
used in push-pull, and regeneration is applied to one grid from the
anode of the opposite valve by means of the potential divider
resistances R, and R;. C, is a coupling capacitance of fairly high
value (0-001 uF) for isolating the p.c. voltage. Regeneration is
critically adjusted so that the stage is very susceptible to small
changes of voltage on the suppressor grids. A slight positive
increase in voltage causes one valve to take a high value of anode

o H.T.+

Ot)tbut

oM.~

Fia. 15.22.—A Regenerator Type of Integrating Frequency-to-Amplitude
Converter.

current and the other to take a small value. A large pulse of
current therefore flows through the primary of the centre-tapped
transformer connected to the anodes of the valves. The rate of rise
and fall of anode current is very rapid and is determined solely by
the regenerative circuit (the natural frequency of the primary
inductance and stray capacitance is much higher than the highest
intermediate frequency), so that the wave form (width and ampli-
tude) of the current pulse is independent of the 1.r. The number of
pulses per second is, however, proportional to the I1.F., occurring
twice per cycle of the 1.r. Provided the amplitude of the 1.F. signal
exceeds a certain minimum value, variation of amplitude has no
effect, and the stage acts as an amplitude limiter. Resistances R, in
the input grid circuit help in attaining this condition by * squaring ”’
the tops of the LF. signal with the aid of grid current. A double-
* Patent. R.C. A. and C. W. Hansell (British Application No. 8324/42).
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diode full-wave detector is used across the secondary of the trans-
former in order to abstract the mean voltage variations from the
A.0. voltage pulses appearing across the secondary. The mean
variation of the pulse from each valve cannot be transferred through
the transformer, but must be abstracted by subsequent detection.
The detector must not be allowed to operate with a reservoir
capacitance across its load resistance, as for an amplitude modulated
signal, otherwise the capacitance fills in the gaps between the pulses
(see Section 8.2.1, Part 1) and there is no mean voltage variation.
A resistance load is satisfactory without the reservoir capacitance
as the half-wave voltage pulses appearing across it are of sub-
stantially the same shape as the section of the applied voltage wave
which is producing them. Half-wave detection could be employed
using the whole of the secondary as a voltage source, but it is no more
efficient as regards A.¥. output from a given 1.¥. deviation, and has
the disadvantage of a large r.¥. fundamental component (twice that
for full-wave). This is different from the case of amplitude modula-
tion for which half-wave detection normally gives an A.F. voltage
output approximately twice that for full-wave. R, and C, form an
R.F. filter between the load resistance R, and the first A.F. valve.

The regenerator of Fig. 15.22 may be replaced by a multivibrator,
or a squegger oscillator. The squegger or blocking oscillator,
shown in Fig. 15.23, has very tight coupling between its regenerator

O H.T.+

o

Fi1e. 15.23.—The Blocking Oscillator Integrator Converter.

Cy R

LF.
Input

oil and tuned circuit. Oscillation, when it occurs, is so violent that
a very large pulse of grid current results and charges the capacitance
C, to a negative voltage many times greater than the cut-off bias
voltage. Oscillation ceases and only recommences after C, has dis-
charged itself through R, to a negative voltage sufficiently small to
allow oscillations to begin again. If the tuned anode is sufficiently
damped—this is the function of R, in series with the tuning capaci-
tance C,—oscillations in the tuned circuit die away rapidly and
there is only a single anode current pulse of short duration. The
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actual period of the pulse is usually rather less than half a eycle of
the normal oscillation frequency of L,C,;, and is much less than the
period of the maximum frequency of the triggering voltage. On
the other hand, the time constant of the circuit B,C; must be greater
than the period of the minimum 1.F., so that the latter can trigger
the valve satisfactorily. The amplitude and duration of the anode
current pulse depends on the circuit constants, and above a certain
value of triggering voltage is independent of the amplitude of the
latter. The mean anode current taken by the oscillator is pro-
portional to the number of pulses, which in turn is proportional
to the intermediate frequency, and the A.F. content of the L.F.
signal could be obtained across a resistance placed between the
tuned circuit L,C; and H.T. positive. A capacitance of about
100 pup¥F would be required across the resistance to by-pass radio
frequencies. Alternatively the mean value can be abstracted from
the pulses by means of the diode as shown in Fig. 15.23.

Another method of producing pulses of almost constant duration
and amplitude, but of number proportional to the 1.¥., is by means
of a hexode valve, to the control and oscillator grids of which
antiphase (180°) voltages are applied. The bias on the grids is
adjusted so that anode current flows when there is no L.F. signal,
but is quickly cut off by a differential change of voltage on the grids.
Hence a short pulse of anode current occurs every half-cycle of the
LF. as the instantaneous amplitude approaches and passes through
zero. There is a change in pulse width with change in 1.¥. amplitude
and this type is less satisfactory as an amplitude limiter.

15.9.5. The Counter Type of F.M. Detector. Detection of
a F.M. signal can be accomplished by using the ‘‘ counter ” type
of detector * shown in Fig. 15.24. For the ‘‘ counter  action to
be satisfactory, the 1.¥. must have a comparatively low value, about
200 ke/s is usually chosen so that the lowest modulation frequency
components (125 ke/s) are sufficiently far removed from the A.F.
range of frequencies. This low LF. necessitates double frequency
changing in order to avoid image and undesired responses. The
last 1.r. amplifier following the limiter stage has a resistance, R,
instead of a tuned circuit in its anode. It is biased by grid current
and has low anode and screen voltages in order to ““ square ” the
top and bottom of the ¥.M. output signal. Capacitance C, initially
charged by D, to the maximum positive square top voltage, dis-
charges to the minimum squared voltage through B, and R,, pro-

* Patent. R. C. A. and W. Van B. Roberts (British Application
No. 4019/42).
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ducing across the latter a negative pulse, the duration of which is
adjusted to be much less than the period of the maximum r.mM.
signal frequency. The number of these pulses and their mean value
are proportional to the F.M. signal frequency and therefore to its
modulation content. Hence a mean voltage variation proportional
to the frequency deviation of the 1.F. appears across diode D, and
is passed on to the A.F¥. amplifier. R, forms with diode D, a positive

%Rz :

Es Output
o—]
LR
Input T o T

O
Fia. 15.24. —The Counter Type Frequency to- Amphtude Converter.

—OH.T.*+

pulse suppressor, which prevents the positive charging voltage pulse
across D, being passed on to the a.r. amplifier.

15.9.6. The Hexode Frequency-to-Amplitude Converter.
The property of electron collection possessed by the signal grid of
the hexode valve (see Section 5.8.2, Part I), as the frequency of the
oscillator voltage is increased, has been suggested * as a means of
converting .M. into an A.F. signal. The F.M. signal is applied to the
oscillator grid, and a grid leak resistance (0-5 M{2) and capacitance
(50 uuF) are connected in parallel between control grid and cathode.
A resistance anode load (®.F. is by-passed by a capacitance of about
50 uuF) is used. It is found that under suitable conditions a linear
variation of grid voltage of about 0-8 volts is obtained when the
signal frequency is varied from 15 to 25 Mc/s. This grid voltage
variation is amplified by the valve, and the resultant A.F. appearing
across the anode circuit resistance is passed on to the A.r. amplifier.
The chief disadvantage of the method is the high input signal
frequency required and the low conversion efficiency.

15.10. Methods of Frequency Modulation Compression in
the Receiver.

15.10.1. Introduction. The wuse of wide-band frequency
modulation has certain disadvantages from the point of view of
receiver design. It is not possible to use the same 1.F. transformers
for high fidelity amplitude modulation—the wide pass-band admits

* Patent. R. C. A. and F. B. Stone (British Application No. 12097/42).
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undesired noise components from outside the required pass range,
and selectivity is inadequate—so that a receiver designed for dual
operation must have two separate sets of 1.p. transformer. If,
however, the original frequency deviation of the r.M. signal could
be compressed in the receiver from +75 ke/s to +15 ke/s, con-
version to amplitude modulated reception would only involve
a simple switching operation at the detector stage, the same trans-
formers and 1.¥. amplifier circuits being used for both types of
modulation. The phase discriminator stage is converted for A.m.
detection by connecting the cathodes of the diodes together and
taking the output for the A.r. amplifier from the centre point of the
diode load resistances as shown in Fig. 15.25. The band width
cannot be reduced below about 4-15 ke/s, otherwise both frequency
and amplitude modulation suffer from attenuation distortion of the
upper audio frequencies, and high fidelity is not possible. Advan-
tages other than that of dual operation are gained by compressing
the frequency-modulated deviation ; the lower value of 1.F. that is
possible gives greater gain per stage and is more stable ; the method
of compression generally has a limiting action on any amplitude
modulation so that a separate limiter stage (with, usually, loss of
amplification) is not necessary. The reduction in modulation due
to compression is largely offset by the increased sensitivity of the
frequency-amplitude converter discriminator made possible by the
reduced band width required.

There are various methods of compressing the frequency devia-
tion. One uses a variable reactance valve, operated from the A.F.
output signal from the receiver, to frequency-modulate the local
oscillator and cause its frequency to follow the frequency deviations
of the input signal. For example, suppose the input carrier is
frequency modulated --75 ke /s, ranging from 45-075 to 44:925 Mc/s,
the local oscillator frequency is frequency modulated to vary from
45-525 to 45:405 Mc/s (or 44-595 to 44-475) so that the resultant
LF. carrier is 465 kc/s, frequency modulated 415 ke/s. Another
method uses a frequency divider to produce the I.F. carrier and at
the same time reduce the frequency deviation. A third system
employs an oscillator operating at a submultiple of the input signal
and locked by it. The original frequency deviation is reduced in
the ratio of the submultiple to the input frequency.

15.10.2. Compression by Frequency Modulation of the
Local Oscillator.»® 18 A block schematic diagram of the appara-
tus is shown in Fig. 15.25. The variable reactance valve may be
used to correct for slow as well as rapid changes of frequency by
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applying to it D.c. bias as well as A.¥. voltage from the output of
the discriminator; the resistance R, and capacitance C, (0-1 MQ
and 50 yuF) in the diagram form a R.F. filter. This is an important
point because harmonic distortion of the A.¥. output tends to occur
at high output levels if the frequency deviation is not centred
correctly in the frequency-amplitude converter discriminator char-
acteristic. Amplitude limiting results because the magnitude of
the reactance variation of the reactance valve is dependent on the
amplitude as well as the frequency of the input signal to the dis-
criminator. Thus an initial amplitude variation of the input signal
to the latter is applied to the reactance valve to frequency-modulate
the local oscillator and produce an A.F. output at the discriminator

AM
M, —
AF.
1 Output
—o Frequency LF -
R'F;{)ﬂgg—t—l Changer Amplifier| | El :
M — R,
Variabie |
Oscillator] FH |Reactance C2F
Valve

Fra. 15.25.—Frequency Deviation Compression by Frequency Modulation of
the Receiver Oscillator.

180° out of phase with the A.F. output due to the initial amplitude
modulation. The overall performance of the apparatus as regards
gignal-to-noise ratio is comparable with that of the wide-band
amplifier with a saturated amplifier limiter. This type of com-
pressor, which is an example of the negative feedback principle,
possesses the advantage of reducing distortion, hum and interference
produced in the L.¥. amplifier.

For conversion to amplitude-modulated reception the switch
is moved to position a.M. and the variable reactance valve is
disconnected.

15.10.3. The Frequency Divider Compressor. The prin-
ciple of frequency division* can be applied in the ¥.M. receiver to
compress the frequency deviation, and a circuit diagram is shown
in Fig. 15.26. The input frequency, 13 Mc/s, modulated +4-75 ke/s,
is obtained from an 1.F. amplifier following the first frequency
changer. This initial change of frequency is essential since a fair

* Patent. R. C. A. and M. G. Crosby (U.S. Application No. 430,348).
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degree of selectivity is necessary before the frequency divider stage,
which has less adjacent channel selectivity than the normal frequency
changer stage. The 13 Mc/s input is applied to two frequency
changer valves. The first (V,) has an anode circuit tuned to the
required L.F., e.g., 4-5 Mc/s, and its output is applied to the second
LF. amplifier and to the second frequency changer valve V,. The
anode circuit of ¥, is tuned to the sum frequency of the two inter-
mediate frequencies, i.e., 13+4:5 = 17-5 Me/s, and the output from
this is connected to the other grid of the valve V,, in which it reacts
with the original 13 Mc/s to produce a difference frequency of

-0 H.T+
. 4-54 0-015 Mc/s
T3
1i
1 2 >
..... LF
0‘_—"| """ Output
13+ 0-075
Mc/s
nY D). JO -

77-5%*0-06
Mc/s

Fre. 15.26.—An Example of the Frequency Divider ¥.Mm. Compressor.

4-5 Mc/s. The extent of ¥.M. compression of the 4-5 Mc/s output
depends on the relative selectivities of the 4-5 and 17-5 Mc/s tuned
anode circuits. Equal selectivities divide the frequency deviation
in equal proportions between the two frequencies, i.e., 4:54+0-0375
and 17-540-0375 Mc/s, and the degree of compression is conveniently
controlled by varying the selectivity of the 17-5 Mec/s circuit.
Thus, if that of the latter is reduced to one-quarter of the 4-5 Mc/s
circuit, the output frequency is 4-5 Mc/s modulated 4-15 ke/s. It
is interesting to note that the 4-5 and 17-5 Mc/s frequencies are
only generated when there is an input signal, and they disappear
when it is zero. The reason for this is that the slightest shock
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excitation of the 45 Mc¢/s and 17-5 Mc/s anode circuits, due to
noise or switching on the 13 Me/s signal, causes voltage components
of these frequencies to appear in the circuits, and the process is
self-sustaining as long as there is an input signal. The frequency
‘divider stage has less adjacent channel selectivity than the normal
frequency changer because the lower selectivity of the 17-5 Mc/s
tuned circuit permits the sum frequency to be self-adjusting to
a fairly wide range of input frequencies. Thus a 12 Me/s input
frequency shock-excites the 4:5 Mc/s circuit to produce a sum
frequency in the anode circuit of V, of 16-5 Mc/s so that the second
1.F. amplifier offers no selectivity against this undesired frequency.
This type of compressor also acts as a limiter and is capable of
smoothing out wide variations of input signal amplitude.

15.10.4. Frequency Compression by Submultiple Locked
Oscillator. A method of compressing frequency modulation by
means of a locked oscillator operating at a submultiple * of the
L.F. has been developed, e.g., an 1.¥. of 4-5 Mc/s modulated 475 ke/s
can be used to lock a submultiple oscillator of 0-9 Me/s, the frequency
modulation of which is reduced in the ratio of the fundamental
frequency reduction of 1 to 415 ke/s. A circuit diagram of the

OHTA+

oH.T—

F1a. 15.27.—Compression of Frequency Deviation using a Submultiple
Locked Oscillator.

apparatus is shown in Fig. 15.27. A frequency-changer type of
valve is employed with the 1.F. signal applied to the control grid,
and the submultiple oscillation is generated by feedback from its
tuned anode circuit to the oscillator grid. The regenerator circuit
in the oscillator grid has a natural frequency greater than the sub-
multiple frequency ; its inductance is £ or } of the anode inductance
L,, and its capacitance C, is approximately three times that of the
anode-tuning capacitance C,.

* Patent. R. C. A. and G. L. Beers (British Application No. 2310/43).
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The locking range of the submultiple oscillator is governed by
the L ratio and also by the damping of the anode circuits. A large

1

L ratio and heavy damping tend to increase the locking range.

C
By a suitable choice of coupling between L, and L,, and of supply
voltages, the system can be made to function as a satisfactory
limiter. Grid leak self-bias may be employed on the I.F. signal
grid to aid limiting and provide A.a.c. voltage. The circuit is
stated to possess particular advantages in reducing noise and
adjacent channel interference because of its restricted locking range.
Frequencies outside the selected range, which is limited to a little
more than that required for the desired signal, are unable to lock
and their effect is largely eliminated from the output.
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CHAPTER 16
TELEVISION RECEPTION

16.1. Introduction.'®3+ 3 To obtain a clear idea of the
problems involved in the reception of television signals and their
conversion into an image of the original viewed object, a short
description of the method of converting light, reflected from an
object, into electrical impulses is necessary. Since the transmitter
is, in effect, a single-channel system, it is quite incapable of conveying
instantaneously the whole picture ; to do so would require a large
number of links each transmitting an electrical impulse proportional
to the instantaneous light intensity from a small area of the object.
The actual number of transmissions would depend on the detail
required from the reproduced image, fine detail necessitating the
selection of light from a very small area of the object and a very
large number of transmitters. Owing to its property of persistence
of vision, the eye is capable of seeing a composite image even when
the light components are being interrupted, provided the rate of
interruption exceeds about sixteen times per second. Hence a satis-
factory picture can be obtained without each transmitter being in
continuous operation, as long as the electrical pulses, proportional
to the light from the particular area, are transmitted at least sixteen
times per second. The brightness of reproduction would be reduced
in proportion to the reduced time of transmission, and flicker would
be evident, but the picture would be reproduced as a whole. Since
continuous transmitter operation is not essential, it is clear that the
separate transmitters could be replaced by a single transmitter
successively modulated by the electrical impulses derived from the
light areas originally associated with individual transmitters, and
this is the principle involved in television. The loss of brightness
due to successive transmission can be overcome by increased
efficiency of the light to electrical impulse (and vice versa) conversion
at transmitter and receiver, and flicker can be removed by increasing
the rate of pick-up of light from a given area.

Conversion of the light to electrical impulses and successive
pick-up are normally achieved by means of a special type of cathode-
ray tube, known as the iconoscope, having a mosaic screen of photo-
active material, which acts like a series of minute insulated photo-

electric cells. The screen consists of a thin mica plate, on one side
360
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of which is deposited the photo-active material, and on the other
a conductive coating of colloidal graphite. The image of the object
to be viewed is focused on to the screen, and the coating and photo-
cell elements act as a series of capacitances, which are charged to
voltages proportional partly to the brightness of the light falling on
the cell element and partly to the time during which the cell is
activated. These minute capacitors are discharged by the action
of the cathode-ray beam, which is caused to scan the sensitive side
of the mica plate in a series of almost horizontal lines one below
the other. The beam is eventually returned to its starting-point
and the whole image is repeatedly scanned. Discharge of the
photo-electric capacitance elements causes a series of voltage pulses
across a resistance connected between the mica conductive coating
and a similar colloidal graphite coating round the inside of the neck
of the tube. These voltage pulses are actually produced by
secondary electrons, released by the cathode ray beam as it passes
over the photo-electric elements and collected by the tube coating,
which is at the same potential as the last anode. After suitable
amplification the pulses are used to modulate the transmitter.

Interlaced scanning ! is employed because it reduces flicker and
gives better definition for a given pulse-frequency spectrum.
Successive line scans are spaced a line width apart, so that half the
image is scanned at a time, and the gaps between the lines of one
vertical scan are filled in by the lines of the next vertical scan. It
is achieved automatically in the iconoscope by using an odd number
of lines per complete picture, alternate vertical scans starting half
a line Iater. The number of vertical scans, or frames, is twice the
number of complete pictures and, as far as flicker is concerned, it
is equivalent to doubling the number of pictures transmitted. The
number of frames per second must bear an integral or fractional
relationship to the mains supply frequency, otherwise flicker is
produced by small A.c. voltage components from the H.T. or heater
supplies, which modulate the receiver light reproducer and cause
alternate bands of light and shade to wander across the picture.
Hence fifty frames are transmitted per second in England and sixty
in America.

To achieve a high degree of definition the number of horizontal
scanning lines must be large, and to remove flicker the number of
complete pictures must not be less than 25 (50 frames).! This
entails a large number of equivalent picture elements and, for
sharp contrast, a high maximum modulating frequency. The limit
of the latter is half the number of picture elements scanned per
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second (a sine wave has a positive and negative half), which is
determined by the number of horizontal lines per complete picture
and the aspect ratio (width to height) of the latter. Taking the
pre-war English standard of 405 lines per picture, 25 pictures per
second, and an aspect of ratio of 5 to 4, the total number of elements

405
0 4X 5 = 506, so that

in a vertical side is 405 and in a horizontal
the maximum modulating frequency is

405 x 506 X 25
2

= 2-56 Mc/s.

An important feature of television transmission is therefore the
large frequency spectrum occupied by the modulation sidebands.
It is probable that development will be in the direction of even higher
lines per picture, with consequent increase in sideband spectrum.
In America a standard of 525 lines has already been adopted. Such
a large modulation frequency spectrum can only be accommodated
by using an ultra short-wave carrier frequency, such as 45 Mec/s
or greater.

It is found in practice that the maximum modulating frequency,
as calculated above, is actually higher 2 than is necessary because
vertical resolution is less than horizontal and the number of active
picture elements is less than the maximum. For example, it is
possible that alternate vertical picture elements of black and white
equal to one line width may be positioned such that half of each
is scanned by a line. In this case the resultant pulse is equivalent
to light halfway between black and white, and vertical definition
is lost. It has been estimated 3¢ that only 65%, of the total picture
elements are fully effective, so that the maximum modulating
frequency could be reduced from 2-56 to 1-66 Mc/s without impairing
picture definition to any great extent.

In a television transmission channel, correct synthesis of the
image at the receiver output is dependent on the light spot at the
reproducer keeping step with the scanning spot at the transmitter,
and some form of synchronizing signal must be incorporated in
order to trigger the frame- and line-deflecting circuits at the correct
time instants. The light signal must therefore be regularly inter-
rupted to allow the transmission of a synchronizing signal at the
end of each horizontal line and vertical frame scan. This is
achieved by applying a synchronizing signal of opposite polarity
to the light signal to modulate the carrier. The pre-war English 5
standard method of transmission is illustrated in Fig. 16.1. The
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unmodulated carrier amplitude, corre-
sponding to a black signal, is 309, of
its maximum white amplitude, and
modulation by the light signal always
increases the mean carrier value.
Hence average, as well as contrast
brightness of picture is transmitted
i.e., it contains the D.c. and a.c.
components of the light signal. The
synchronizing signals are transmitted
by reducing carrier amplitude below
its unmodulated or black value, and
they have a rectangular shape. The
line synchronizing pulse, which has a
fundamental frequency of 405 x 25 =
10,125 c.p.s., occupies 109, of the
total line period, but the carrier level
is maintained at black for a further
5%, to allow 159, ““ flyback ”’ time for
the horizontal deflecting circuits. The
light signal is therefore transmitted for
859%, of the total line time. At the
end of a vertical (frame) scan, the
vision signals are suppressed for about
10 lines, and during part of this time
the frame synchronizing pulse is
transmitted. It consists of a series of
rectangular pulses similar to the line
pulses but four times as long, i.e., two
are transmitted for every line period.
During the th line period interval
between the pulses, the -carrier is
restored to its unmodulated black
value. The number of frame pulses
are usually eight, and for the rest of
the 10-line suppression period the
line-synchronizing signals are con-
tinued with carrier amplitude at 309,
maximum for the intervening %ths
line periods. The synchronizing signal
for odd-numbered frames occurs in
the middle of a line period and for
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F1¢. 16.1—The Waveform of the Vision Signal of the Pre-war English Transmission.
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even-numbered frames at the end of a line period as shown by
positions A and B in Fig. 16.1. The type of light modulation
shown in this figure is known as positive modulation, and that for
the synchronizing signal as negative modulation. The American
system is the reverse of this, the picture modulation being negative
with maximum brightness for minimum carrier, and the synchron-
izing modulation being positive. It is the mirror image of the
English type of modulation envelope. The two systems also differ
in two other respects; double sideband transmission with the
associated audio* programme at a frequency 3-5 Mc/s below the
television carrier, and vertical polarization of the radiated television
signal are used in England, whilst vestigial sideband (the upper with
750 ke /s of the lower) transmission with the audio carrier 4-5 Mc/s
above the television carrier, and horizontal polarization are standard-
ized in America. No fundamental modifications are, however,
necessary to convert the receiver from one system to the other.

Having established the form of signal broadcast by a television
transmitter, we are now able to consider the essential features of
a receiver for reproducing correctly an image of the object being
televised.

16.2. The Essential Features of a Television Receiver.
A block diagram showing the essential parts of a superheterodyne
television receiver 113 is given in Fig. 16.2. The dipole aerial,
placed vertically if vertical polarization is used, or horizontally for
horizontal polarization, has a length corresponding to half-wave
resonance at approximately the centre of the frequency range
covered by the vision channel. There is some attenuation of the
audio signal, but little attenuation distortion because the audio
sidebands cover such a small frequency range. Both signals are
amplified together as far as the output of the frequency changer,
the same local oscillator being used to provide the vision and audio
intermediate frequencies. The anode of the frequency changer
containg a special filter separating the two intermediate frequencies,
but extra rejection of the audio I.F. may be required in the vision
frequency 1.F. amplifier in addition to the attenuation provided by
the LF. circuits. Single sideband vision reception is generally
employed because a higher amplification per stage, and a more
level frequency response can be obtained in the 1.F. amplifier when
the required band width is reduced. Proper reproduction of the

* The prefix “ audio *’ before * programme ”, ¢ carrier *’ or ** intermediate
frequency ” means the carrier or intermediate frequency which carries the
audio frequency programme as sidebands.
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vision signal can only be secured when the vision carrier is
correctly tuned to the edge of the pass-band, and this is achieved
by wusing the sound
gignal as a tuning
indication. The LF.
amplifier for the audio
signal usually has a
pass-range about
100 ke/s wide (to allow
for frequency drift of
the oscillator), and
correct tuning of the
audio signal, within this
pass-range, by varia-
tion of oscillator fre-
quency, automatically
involves correct tuning
for the vision signal if
the two I.F. channels
are correctly aligned in
the first place. The
vision intermediate fre-
quency must be care-
fully chosen to give an
adequate pass-band
without serious attenua-
tion or phase distortion,
and to avoid spurious
responses, which pro-
duce chequerboard or
wavy line patterns
across the reproduced
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Fia. 16.2.—The Schematic Diagram of a Television Receiver.
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that a flat pass-band can be more easily obtained at the higher
frequency and that it does not produce spurious interfering fre-
quencies. Its disadvantage is that more difficulty is experienced
in removing the audio signal from the vision output, because the
tuned circuits in the R.F. stages cannot normally provide sufficient
attenuation unless the pass-band of the vision signal is severely
restricted. With this type of receiver it is usumal to divide the
feeder line from the aerial into two channels, and to insert a filter
in the vision channel to reject the audio transmission, and a vision
frequency filter in the audio channel. Additional filters may be
included in the vision R.F. amplifier so as to bring about an overall
attenuation of the audio signal of 40 db. It will be noticed that
by this system the audio and vision signals are separated at the
aerial, and common amplification of the two is not employed. Some-
times the first stage in the vision ®r.F. amplifier is used to amplify
both audio and vision, special narrow pass-band rejection cir-
cuits being inserted to provide sufficient overall attenuation of
the audio signal in the remaining stages. Another possibility
with double sideband transmission is to use single sideband recep-
tion, the sideband on the opposite side of the carrier to the audio
signal being accepted ; the chief difficulty with this method is that
satisfactory operation depends on the R.F. circuits being, and
remaining, correctly tuned.

The vision frequency detector is generally a diode, but a triode,
functioning as an anode bend detector, may be used. The diode
load resistance must be low, about 5,000 2, in order to prevent
attenuation of the higher vision frequencies by the stray capacitance
across it. The same is true of the anode load resistance of the vision
frequency amplifier after the detector, and in this part of the
apparatus special methods are adopted to neutralize the reactance
of the stray capacitance. The v.F. amplifier is not usually a p.c.
amplifier, and a diode or similar device is used to restore the n.c.
component at the output.

The v.r. amplifier is connected to the voltage-light converter.
The latter function is successfully performed by the cathode-ray
tube, the beam of which is capable of intensity modulation by the
application of a voltage fo its grid (or gun electrode, as it is some-
times called). The grid voltage varies the density of the electrons
in the beam and hence the brightness of the spot formed on the
screen, a positive direction of voltage increasing brightness. The
area, or focus, of the spot on the screen can be controlled by varying
the D.0. current in a coil round the neck of the tube (magnetic



16.2] TELEVISION RECEPTION 367

focusing)—a permanent magnet with a variable shunt may also be
used—or by varying the voltage applied to an intermediate anode
between the grid and final anode (electrostatic focusing). The
diameter of the screen on which the image is formed is generally
9 or 12 inches ; the useful picture area with the 12-inch diameter
cathode-ray tube is 10 inches by 8 inches. The colour of the light
depends on the screen material ; the most popular colour is a bluish
white obtained with a screen material of zine sulphide or cadmium
tungstate with zinc silicate.

A deflecting system is necessary to synthesize the light impulses
into an intelligible picture, and arrangements must be made to
deflect the beam horizontally and vertically in an identical manner
to, and in step with, the scanning beam in the iconoscope. This
can be achieved either by applying voltages of saw-tooth shape to
deflecting plates mutually at right angles inside the c.r. tube,
between the final anode and screen (electrostatic deflection), or by
means of currents of saw-tooth shape in coils external to the ¢.Rr.
tube (magnetie deflection). Magnetic deflection has the great
advantage that it allows a much shorter tube to be used and a more
compact receiver is therefore possible. The saw-tooth voltage or
current generator consists usually of a resistance-capacitance
charge circuit operating in conjunction with a triggering charge or
discharge device, such as a blocking oscillator. The * free ” fre-
quency of the triggering action is set to a value slightly below the
fundamental of the frame or line saw-tooth, and is pulled into step
by means of the synchronizing pulses sent out by the transmitter.
These pulses are separated from the vision signals by means of
a special synchronizing separator stage, which usually incorporates
a limiting action to prevent loss of synchronism due to noise or
interference. A filter is employed to separate line pulses from the
frame synchronizing pulse used to lock the frame-scanning generator.

The order of importance of the four types of distortion, harmonie,
sttenuation (frequency), phase and transient, in television reception
is different from that for audio reception. Harmonic distortion has
relatively little effect, but both attenuation and phase have a large
influence on the picture. High-frequency cut-off attenuation dis-
tortion leads to a picture with blurred outlines giving the appearance
of being out of focus, whilst high-frequency intensification in the
video frequency amplifier, if carried too far (the increase should not
exceed 1 db. above the average level), may result in transient
distortion, i.e., damped oscillations producing a rippled effect
following the trailing edge of a white or black vertical line. Low-
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frequency cut-off in the v.¥. amplifier causes uneven reproduction
of large surfaces.

Phase distortion leads to a plastic relief type of image, a white
or black vertical line being preceded by a black or white margin
respectively, or, if it is excessive, multiple images may be formed.
Phase distortion is zero if the time delay is constant for all the
frequency components of the signal passing through the amplifier.
This means that the phase angle shift between the output and
input must be proportional to frequency. For example, suppose
there is a constant time delay of 1 microsecond at all frequencies ;
this represents 1 cycle or 2» radians at 1,000 ke /s, -cycle or # radians

at 500 ke/s, {5-cycle or g radians at 100 ke/s, and so on.

Attenuation and phase distortion can occur in all stages of the
receiver, but are generally greatest in the r.¥. and 1.7. stages, partly
because there are more of them than of v.r. amplification. For
a given pass-band width coupled or band-pass circuits can be
designed to give less of both types of distortion than a single-tuned
circuit.

We shall now examine the separate stages in the receiver, with
particular reference to the English type of transmission, i.e., the
vision signal is assumed to be double sideband transmission on
a carrier of 45 Mc/s, with an audio programme on a carrier of
41-5 Mc/s. The required band width for adequate definition is
assumed to be 789, of the maximum possible number of picture
elements, ie., +2:56 x 0-78 = 42 Mc/s. Signal-to-noise ratio on
full modulation (white) is to be not less than 30 db. for an input of
50 uV at the aerial. The overall amplification of the receiver is to
be capable of giving 25 volts swing, peak-to-peak, at the grid of the
cathode-ray tube for a fully modulated input of 50 'V at the aerial.

16.3. The Aerial Circuit.'* Owing to the high modulation
frequencies involved in television reception it is most important
that reflected signals,® delayed in time with respect to the real
signal, should be prevented from reaching the aerial input of the
receiver at a strength comparable with the real signal. These
delayed signals may be caused by reflections from large buildings,
metal objects (aeroplane), changes in earth conductivity, or incor-
rectly terminated aerial feeder lines, particularly coaxial or parallel
open wire lines, which have a much lower attenuation loss per unit
length than twisted wire feeders. The latter have an attenuation
loss of about 1 to 2 db. per wavelength as compared with 0-1 db.
per wavelength for open wire lines and coaxial feeders. Particular
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care must also be taken with parallel open wire lines to see that
they are balanced with respect to earth for, unlike the coaxial cable
with an earthed outer, they can pick up an appreciable signal voltage,
which may be comparable with that picked up by the aerial itself.
The signal voltages in each side of the parallel wires cancel at the
receiver if the receiver input is centre-tapped to earth and the wires
themselves are balanced to earth. The effect of the delayed signal
depends largely on the time lag between it and the real signal ; if
the delay is large a “ ghost *” image, displaced from the real image,
is produced, but, if it is small, blurring or a change in the light
distribution of the image may result. For example, owing to
a redistribution of the amplitude and phase of the side-bands of
real and reflected signals, cancellation or intensification may change
a vertical white line into black or vice versa. To gain some idea of
the importance of the time delay effect, let us consider a receiver
having a 12-inch diameter cathode-ray tube giving a picture area
of 10 ins. by 8 ins. The speed at which the spot travels across the
picture is 405 X 25 X 10 x 2-54 = 0-85 (lines per picture X com-
plete pictures per second X length of line < conversion factor
allowing 159, flyback time) = 3-02 X 10° cms./sec. The rate
of -travel of the television signal in free space is 3 X 10° cms./sec.,
i.e., 0-994 x 105 times faster than the c.r. tube spot. Hence, if
there are two signal paths from the transmitter to the receiver,
one 276 yards (252 metres) longer than the other, the longer path
signal produces a second image displaced by {;-in. from the real
image on the c.R. tube screen. Normally the best position for the
aerial is vertical for vertically polarized transmission, and horizontal,
one end pointing towards the transmitter, for horizontally polarized
transmission, but particular site conditions—congested areas with
intervening high buildings~—may call for special orientation in order
to reduce reflected signal interference.

The most suitable type of aerial is the dipole or V dipole. The
latter has the advantage (see Sections 3.3.5 and 3.5.3, Part I) over
the former of having a lower characteristic impedance and hence
less variation of terminal impedance over a given frequency range.
This means less transition loss at the junction of aerial and feeder.
The length of the dipole is not very critical and it is usual to select
a value giving resonance at the centre of the frequency range, thus
the length of a dipole to resonate at 45 Mec/s is

A 3 x 1010

A 3 X" 518 oms. = 10 ft. 5 ins.
21 45 x 10° x 21 ems s
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The factor 2-1 instead of 2 is used because, owing to end effects,
the electrical length of an aerial of brass, copper or aluminium is
approximately 59, greater than its physical length. For steel-rod
aerials the correction factor is about 2-2. A reflector may be used
behind the aerial to increase the pick-up from the transmitter and
reduce interference, such as that from motor-car ignition systems,
from directions on the opposite side of the aerial to the transmitter.
The reflector is usually spaced from }4 to §1 away from the aerial,
and its length may be made greater than that of the latter so as to
give a broad double-humped overall frequency response. The
dimensions of one such type % are: a main aerial 10 ft. 1 in. long
with a reflector 11 ft. 1 in. long, separated by a spacing of 4 ft. 4 ins.

The aerial-to-feeder connection is generally to the centre of the
dipole, though the feeder may be connected to one end of the dipole
by using a special ;4 matching section,® made by two parallel wires
14 long, separated by 1} to 2 ins. One of these wires forms an
extension to the 1A dipole and the ends of both are joined to the
twin wire feeder. For twin wire shielded feeder or low impedance
(80 £2), the dipole is cut at the centre and each feeder wire goes to
the end of one half-section. The distance between the two cut ends
should be as small as possible compatible with satisfactory insulation;
about 1 inch separation is generally adequate. Parallel wire feeders
of high impedance (500 £2) can also be connected to the centre of
the aerial, but in this case the latter is not cut into two half-sections.
The feeder ends are fanned out in triangular manner from their
normal separation of about 2 ins. to a separation of 26 ins. in
a distance of 40 ins. (0-152).3% The mouth of the isosceles triangular
shape of flare is connected to be symmetrically disposed about the
centre of the dipole. Coaxial feeder may also be connected to the
centre of a split dipole, the outer and inner conductors being joined
to the near ends of the two half-sections. This is not the most
efficient method, and a standing wave is produced on the outer
conductor between the points where it joins the aerial and where
it is earthed. A better system is to use a transformer with a
balanced primary centre-tapped to earth, and a secondary, one end
of which is connected to the inner and the other to the earthed
outer. An electrostatic screen is desirable to prevent capacitive
coupling from the primary to the secondary, causing unbalance of
the primary.

The dipole aerial should ve self-supporting, or alternatively
stay wires must be broken up by insulators into lengths not equal
to 4 or multiples of it. The feeder should be taken away at right
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angles to a vertical dipole for a distance of about 20 ins. before
turning it downwards. A shorter distance (but not less than
10 ins.®) may be used from aerial to the turn when necessary.
16.4. The R.F. Amplifier.? The design of the feeder-to-first
tuned circuit connection of the receiver follows the lines set out in
Section 15.5. The performance of the first R.F. valve has an
influence on the design of the first tuned circuit. Maximum ampli-
fication requires the tuning capacitance of all tuned circuits to be
as small as possible, so that valve grid input and anode output
capacitances should be as small as possible. The input resistance
of the valve at 45 Mc/s is less important than in the case of the
frequency modulation receiver, because the pass-band width is
very much greater and calls for heavy damping of the first tuned
circuit. Mutual conductance must be as high as possible and, for
minimum shot-noise resistance, total cathode current at minimum
bias must be as small as possible. This means that alignment of
grid and screen wires (this reduces screen current), and anode
current cut-off at a comparatively low grid bias are required. The
valve cannot, therefore, have a very good variable-mu characteristic
and, although harmonic distortion is not so serious with a television
as with an audio signal, control of amplification by grid bias variation
is unlikely to be satisfactory. Another disadvantage of grid control
of amplification is that it tends to vary the grid input resistance and
capacitance of the valve ; this effect can be reduced by the use of
an unby-passed resistance in the cathode lead as discussed in
Section 4.10.3, Part I. For design purposes we shall consider the
R.F. valve to have characteristics similar (except for grid input
resistance which is taken as 8,000 2) to those of the valve in
Section 15.5, viz., g,, of 8 mA /volt, input and output capacitances
of approximately 10 and 8 uuF, and an equivalent shot-noise
resistance of 1,500 2. Values as high as 14,000 2% for input
resistance at 45 Mc/s can be obtained with special valve designs,
but as long as it is greater than a certain value the chief advantage
of a high resistance is that any variation from valve to valve, or
due to control of amplification, has less effect when the majority of
the damping is provided by a fixed resistance. A typical circuit
showing the feeder to first tuned circuit coupling, and the R.F.
amplifier valve is that of Fig. 16.3. The feeder is assumed to have
a characteristic impedance of 80 2, optimum coupling is employed
between the feeder coupling coil L, and the secondary coil L,, the
inductive reactance of L, is cancelled by the capacitive reactance
of C,, the tuning capacitance C, (consisting only of valve, wiring
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and coil self-capacitances) is assumed to be 15 yuF. This low value
of C, can be realized by very careful layout. We must now decide
the permissible attenuation loss at the maximum off-tune frequencies
of 4-2 Mc/s. For a single-tuned circuit, phase and attenuation
distortion are closely related and increase of the latter increases the
former. It would therefore appear that the circuit should be
designed to give minimum attenuation loss; the advantages of
doing this are that a lower @ value is required so that the valve grid
input resistance becomes of less consequence and the noise voltage
at the grid of the first r.F. valve is reduced. On the other hand,
transfer voltage ratio is decreased to a greater extent than the
decrease of noise voltage and a larger signal output is required from
the feeder to obtain the same signal-to-noise ratio. This feature

oH. T+

.iCs

uh_f_gutput

o H.T=
Fia. 16.3.—The Aerial and r.r. Amplifier Stage for a Television Receiver.

is illustrated later in the section. The reduction in transfer voltage
ratio has practically no effect on the overall amplification of the
receiver because the more constant frequency response over the
pass-band range calls for less compensation in the tuned transformer
stages, i.e., the coupling coefficient can be brought closer to its
critical coupling value, the peak-to-trough ratio decreased and the
gain of each transformer coupled stage therefore increased. The
chief advantage of adopting a higher attenuation loss in the first
tuned circuit (apart from greater overall sensitivity for a given
signal-to-noise ratio) is that phase distortion in transformer stages
giving a double-humped frequency response is in the opposite
direction to that in the first tuned circuit, and it is reduced as the
double-humped response is made more pronounced, i.e., coupling
coefficient is increased, so that a closer approach to cancellation can
be made. Usually about four transformer stages are employed and
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there is therefore a tendency to obtain overcorrection of the phase
distortion if the first tuned circuit has too small attenuation loss
and phase distortion.

In order to estimate the effect of phase distortion, the phase
angle shift and attenuation loss of a single-tuned circuit at different
values of QF, i.e., different off-tune frequencies, are tabulated below.
For zero phase distortion, the phase angle should be proportional
to the off-tune frequency, Af, i.e., to QF, and in the fourth row of
Table 16.1, the difference between the required phase angle (pro-
portional to Af, and calculated by multiplying the phase angle at
QF = 0-1 by the ratio of the particular value of QF being considered
to 0-1) and the actual phase angle is indicated.

TaBLE 16.1

QF . . . . . +01 + 02 + 03 + 04 4 05
Attenuation Loss

(db) . . . . —0043 — 0-17 — 0-37 — 0-64 — 097
Phase Angle . . —5°43 —11°19’° — 16°42" — 21°48" — 26°34’
Phase Angle Error 0 + 5/ + 29 +1°7 + 2° 5
QF . . . . . 406 + 0-7 + 08 + 09 + 10
Attenuation Loss

db)y . . . . —~133 —173 — 215 — 2:58 — 301
Phase Angle . . — 30°58° — 34°59" — 38°40" — 41°59" — 45°

Phase Angle Error + 3°25" + 5°8’ 4+ 7°10° 4 9°35° 4 12°18’

The time delay is greatest for the largest value of @QF, and if

QF =1 for Af = 2 Mc/s, the error in time delay is
12° 18’ 1
360 2 x 10

In Section 16.3 we showed that the spot on a typical o.r. tube
for television signals travels at 3.02 x 10° cms./sec., so that
0-0171 u secs. corresponds to a displacement of 0-0516 mm., which
will give negligible blurring of the picture. As far as the first
tuned circuit is concerned we can allow an attenuation loss of
— 3 db. at the maximum off-tune frequency of 2 Mc¢/s. A point
to be watched is that compensation for this loss by doubled-humped
response in subsequent stages does not introduce excessive overall
phase distortion.

The final Q," of the secondary circuit including damping intro-
duced by optimum coupling to the feeder of characteristic impedance
80 2 is, for a loss of — 3 db. at Af = 42 Mec/s, given by

- seconds = 0-0171 u secs.
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or the @ of the secondary circuit when not coupled to L, is
Q. = 2Q, = 225
and its resonant impedance is
. 22:5 x 108
B = wicz g8 x 45 x 15 o0
If the initial @, of the coil L, is 150, the total damping resistance
required across L, is

Ry = Eps _ 6,240 0.

Qo — Q-
The input resistance of the valve provides 8,000 2 of this so that
R, = 5240 X 8,000 _ 50259 0.
1,760

The transfer voltage ratio is (see expression 15.2)

TR__JRD2__J5300_4'07

if the feeder characteristic impedance is 80 Q.
VRyR, V80 x 1045

For optimum coupling M, = o, 698 < 45 = 0-102 xH
where R, = ngz = effective series resistance of the secondary
2
circuit.
1
L, = 0416 yH, C, = 30 pyul
@, = 30 — 1-47.

Using expression 15.3b and noting that @.F = 2 and @, F = 0:1305,
we find that the actual loss at off-tune frequencies of 42 Mec/s is
approximately — 2-8 db. If L, is made equal L,, @, is doubled
and the loss at +2 Mec/s is reduced to — 2-6 db.

The equivalent total noise resistance is the sum of the overall
resonant impedance of the first tuned circuit, including damping
from the feeder side, and the shot-noise resistance of the valve,
ie., it equals 2,65041,500 = 4,150 2, so that the R.M.s. noise
voltage at the grid of the first valve is

E, =125 x 10710, /4150 x 4 x 108
_ 161

=407

= 3:96 uV on the feeder side.
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For satisfactory performance, signal-to-noise ratio should be of the
order of 30 db., i.e., 31:6 to 1, so that the minimum acceptable
signal output from the feeder is 125 uV.

If the permissible loss at 45 Mec/s is reduced to — 1 db.,
Q.,/F = 05, Q,’ = 562 for Af = 2 Mc/s, Rp; = 2,650 2, and

1 /2,650
TR =—2-/J——8——6——=2'88

E, = 1-25 x 107104/(1,32541,500) X 4 x 108

= 4-62 4V on the feeder side.

Hence the minimum acceptable signal output from the feeder is
146 uV. We see, therefore, that sensitivity (for a given signal-
to-noise ratio) is approximately 209, better in the case of the
— 3 db. attenuation loss than the — 1 db. loss.

Referring to Fig. 16.3, it will be seen that control of amplification
is obtained mainly by suppressor grid bias variation, the variation
of control grid bias being only approximately 3%, of the suppressor
grid change. The reason for this dual control is that it reduces
the variation of grid input resistance and capacitance with change
of amplification. The same result may be realized by the use of
an unby-passed resistance in the cathode circuit (see Section 4.10.3)
and by variation of screen voltage? to obtain amplification control.
When screen voltage is varied cathode self-bias is not used, but
fixed bias is obtained for the controlled valves from a resistance in
the main .. supply lead. The values of the resistances in
Fig. 16.3 are

R, = 100,000 2, R; = 3,000 2, R, = 50,000 Q,
R, =150 Q, R,, = 20,000 (mazx.) variable.

The decoupling capacitors, Cs, Cy, Cs, and C; are of mica and have
values of 0-001 yF.

Before considering details of the tuned transformer in the anode
circuit of the valve in Fig. 16.3, it is advantageous to obtain
generalized phase-angle error curves against QF for different values
of Qk in order that overall phase distortion can be estimated.

In Section 7.3, Part I, the phase angle at the output of a tuned
transformer with reference to the grid input voltage for any off-tune
frequency is given by rationalizing expression 7.2a, i.e.,

(1+QQu(k* — F2)
@t QF - 18

¢ = tan—1 —
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¢ therefore varies from 270° to 90° as QF varies from 0 to 4o
(4f changes from 0 to 4 o).

As far as phase distortion is concerned, it is better to consider
QF = 0 as the reference point, and to call the phase angle at this
value 0°. To do this expression 16.1 must be inverted and given
a negative sign.

, - (@ +Q:)F
= tan~1! — . . 16.2a.
i T+ Q.0 — I7)
The negative sign is necessary because expression 16.1 shows that
the phase angle is reduced as @F increases positively.
If the primary and secondary circuits are identical

— 2QF
1+Qk? — F?)

The phase-angle error is calculated in the same way as that for the
single-tuned circuit, viz., the correct phase angle is calculated by
multiplying the phase angle at QF = 0-1 by the ratio of the particular
value of QF being considered to 0-1; the correct phase angle is
subtracted from the actual phase angle to give the phase-angle
error. A positive sign to the latter indicates that the required phase
angle is negative and numerically less than the actual phase angle,
i.e., it represents a time advance, or alternatively the time delay
is less than it should be. Conversely, a negative sign means that
the time delay is greater than it should be.

A series of phase-angle error curves is plotted in Fig. 16.4 against
QF for different values of Qk. For reference purposes the error
curve for a single-tuned circuit is also included, and is the dashed
curve in the figure. An interesting point to note is that over the
range from QF = 0 to 1 the error is positive for couplings corre-
sponding to @k < 0-7. When @k = 0-7 the error is very small, and
for Q& > 0-7 the error becomes negative and reaches a maximum
at about Qk = 1. For @k > 1, the error decreases, slowly at first—
there is little difference between @k =1 and 1-5.

From these curves the overall phase error for any combination
of single-tuned circuits and tuned transformers can be estimated.

¢ = tan—1 . 16.2b.

For example, by combining a single-tuned circuit of @ = ng with

two tuned transformers of the same @ as the tuned circuit and
@k = 1-5, phase distortion is almost zero over the range QF = 0 to 1.
The maximum phase-angle error is 0° 42’ at QF = 0-6. Figs. 4.3
and 7.7, Part I, show that there is some attenuation distortion with
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F1a. 16.4.—Phase Angle Error Curves of a Pair of Coupled Tuned Circuits
for Different Values of Coupling.

this combination, the frequency response falling by 1 db. from
QF = 0 to 1.

16.5. The Fixed Tuned R.F. Television Receiver. Let us
now consider the design of the r.F. stages of a fixed tuned m.F.
receiver to provide a detector input peak voltage of 5 volts. The
overall amplification to produce this from a feeder output signal of
125 pV is 40,000, or 9,850 from the grid of the first valve (T'g for
this feeder voltage = 4:07). A possible gain for each R.F. stage is
10, so that four stages are required. Examination of Fig. 16.4 sug-
gests the use of four stages of coupling coefficient corresponding to
Qk = 2 and the same @ value as the first tuned circuit, if phase
distortion is to be reduced to negligible proportions. On the other
hand, this combination results in a lower overall amplification and
a wider pass-band than is required (less discrimination is therefore

obtained against the audio signal), and a better compromise is
N¥
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obtained by using four stages of coupling coefficient corresponding
to Qk = 1-5 and the same @ value as the first tuned circuit. Overall
phase distortion is increased, but is still small enough to be
negligible, and the overall frequency response variation over the
frequency range corresponding to QF = 0 to 1 is not greater than
1db. It actually rises from QF = 0to 1 by 1 db., and at QF = 1-5
and 1-75 (this corresponds to the frequency of the audio carrier),
there is a loss of — 5 and — 8 db. (add to the curve in Fig. 4.3,
four times the curve for Q% == 1-5 in Fig. 7.7, Part I), compared to
the value at QF = 0. The overall loss of — 8 db. at the audio
carrier frequency is quite inadequate and extra filtering is necessary
to increase the loss at this off-tune frequency of — 3-5 Mc/s, ie.,
the audio carrier frequency of 41-5 Mc/s, to about — 40 db.
Methods of achieving this are discussed at the end of the section.
The rise of 1 db. in the frequency response at the edges of the pass-
band is an advantage because both detector and vision frequency
amplifier stages tend to have reduced amplification at the higher
modulating frequencies. The overall phase-angle error is obtained
by adding four times the curve for Qk = 1-5 in Fig. 16.4 to the
dashed curve for the single-tuned circuit, and it is tabulated below
from QF = 0 to 1.

TABLE 16.2
QF . . . . . 0 0-1 0-2 03 04 05
Overall Phase Angle
Error. . . . 0 0 -V -9 —300 —1°%
QF . . . . . 086 0-7 0-8 0-9 1-0
Overall Phase Angle
Error . . . . —2°¢" —3°3% — 4° 567 - 9° —13°2/

Time-delay error is maximum at @F = 1, i.e., an off-tune frequency
of 2 Mc/s, and corresponds to a displacement of 0-0546 mm. for the
same speed of spot as is assumed for the single-tuned circuit calcula-
tion given earlier. Hence phase distortion is negligible.

Details of the transformer in the anode circuit of the valve in
Fig. 16.3 are therefore :

and secondary circuits when not coupled together). No extra tuning
capacitance is employed, it being made up of the valve, wiring and
coil self-capacitances, viz., 16 puF. Tuning is carried out by
variation of the inductances either by means of an adjustable iron
core or by eddy current (slug) tuning. L, is divided into two



16.5] TELEVISION RECEPTION 379

sections, one of which is directly coupled to L, to provide the required
coupling coefficient.

Thus Ly, =L, = 0832 uH
1-5
k=— = 01333
Q

M, = kL, = 0111 pxH.
Assuming a coupling coefficient of 0-3 between the section L,’
of the secondary and the primary L,.

M,
VL, x 0-832
The resonant impedances of primary and secondary circuits are

Q 11-25 x 108
w,Cs 628 X 45 x 15
Amplification from the grid of V, to the output terminals of the

0-3 = or L = 0-165 uH.

= 2,650 .

RD3 = RD4 =

R
secondary == gm7D3 X 0-89 = 9-45 when ¢g,, = 8 mA /volt. The factor

0-89 allows for the 1-db. fall from peak to trough. The required
value of overall amplification is not reached in this design, and either
an extra stage is needed or two of the overcoupled circuits must
be replaced by two critically coupled stages.

If the initial @, of L; and L, is 150, the total additional damping
resistance required across the primary and secondary is

Rps@o _ 2,650 X 150 _ 2,870 Q. Hence R, = 2,870 Q.

Q —Q, 13875
Across L, the second R.F. valve already provides 8,000 £ so that
R, = »870 X 8,000 _, 460 0.

5,130
Finally, we must make certain that feedback through the anode-
grid interelectrode capacitance has negligible effect. From expres-
sion 15.4d, Section 15.7, the minimum value of grid input resistance
due to anode-grid capacitance for a valve having a tuned transformer
in its anode circuit is

. +4
R (min.) = 0B Fo, B, Fip,
_ +4 x 108
80 X 1073 X 628 X 45 X 0-02 X 2,650
= 433,400 Q2
where Oy = 0-02 puuF.

Hence feedback through the anode-grid capacitance has negligible
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effect on the grid circuit, the resonant impedance of which is
only 2,650 Q.

Thus a typical fixed tuned R.F. receiver consists of four stages of
amplification with overcoupled (Qk = 1-5) tuned transformers in
the anode circuits in association with an input tuned circuit of the
same () value. All circuits are identical except for the last secondary
circuit, the damping resistance for which is adjusted to suit the
detector conduction damping resistance. Estimation of this resist-
ance is left until Section 16.7, which deals specifically with detectors
for television signals.

Earlier in this section it was shown that the overall attenuation
at the audio signal carrier is only — 8 db., and a loss at this
frequency of — 40 db. is required. The most convenient way of
increasing the loss at this frequency is by the insertion of a parallel
circuit, tuned to the audio carrier frequency, in the feeder line from
the aerial to the first tuned circuit. If a coaxial feeder is employed
only one tuned circuit is needed, but if a twin wire feeder is used,
balance must be maintained by using a tuned circuit, of half the
resonant impedance in each line. These circuits may be inserted
at some convenient point in the feeder as shown by the dotted
1L and 2C circuits in Fig. 16.3. To obtain a loss of 40 db. the sum
of the resonant impedances of both tuned circuits (at 41-5 Mec/s)
must be 100 times the characteristic impedance of the feeder, i.e.,
oL@ = 8,000, or if @ = 150 (it should be as high as possible so
as to reduce the loss at the vision carrier frequency, 45 Mec/s)
L =02045 pyH and C = 71-8 uuF. The impedance of these
circuits at 45 Mec/s is from expression 4.8b, Part 1:

1 RPF =20 7 18’0‘3(; g = — 316
HOF 150 x 92

41-5
Hence there is a ratio loss at 45 Mc/s due to the introduction of the
filter of

_8 1 _ e
V8024 (316)2 408
so that the net reduction of the audio carrieris 8 +40—12:2=35'8 db.
The impedance of the tuned circuits at the maximum negative
off-tune frequency of the vision signal, viz., 43 Mc/s is

8,000 8,000 .
] — ;. __.7735’
3 1471085
1 150——
1504
so that there is a ratio loss of ———8; = — 19-32 db.

V80217350
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This means that the audio signal rejector has caused attenuation
and phase distortion over the pass range, the frequency response
falling by — 7-12 db. from 45 to 43 Mc/s. This fall may be partially
offset by the fact that the generalized selectivity curves of Fig. 7.7
ignore a frequency factor which tends to give higher amplification
of the sidebands lower in frequency than the carrier, and also by the
fact that the sidebands higher in frequency than the carrier are
attenuated to a decreasing extent by the filter as the off-tune
frequency increases. Phase distortion can be checked by finding
the phase angle shift due to the filter over the range 43 to 47 Mec/s.
Phase-angle error is calculated by comparing the actual phase angle
against the phase angle, which should have been obtained had the
change been proportional to the change from 45 to 45-1 or 44-9
to 45 Mc/s. Selected values are given in the table below.

TABLE 16.3

SMe/ss) ... 43 44-9 45 45-1 47
A4f, Me/s (relative to

45Me/fs)y. . . — 2 —~ 0-1 0 + 0-1 + 2
Phase Angle . . — 84°42’ — 87°41’ — 87° 444" - 87°48" — 88°34’
Phase Angle Shift

relativeto 45 Me/s + 3° 2% + 34’ 0 — 3% — 4937
Phase Angle Error — 1°524/ 0 0 0 + 203"

It is clear from the above table that phase distortion due to the
filter has negligible effect on the picture.

Another method of rejecting the audio signal, besides that of
single sideband reception of the sidebands on the opposite side of
the vision carrier to the audio carrier, is to use cathode feedback.
A parallel circuit, tuned to the audio carrier, is included in the
cathode lead of the first (or first two) R.F. valves as described in
Section 7.9, Part 1.

16.6. The Superheterodyne Television Receiver.

16.6.1. Introduction. The chief advantage of the super-
heterodyne over the tuned R.F. receiver is that it can more con-
veniently select any one of a number of different carrier frequency
transmissions. This is more important in America where there are
five television bands covering a range from 44 to 90 Mec/s. The
disadvantages of the superheterodyne are poor signal-to-noise 27
ratio (particularly when no R.F. stage precedes the frequency
changer), a tuning stability dependent on the frequency stability
of a local oscillator, and the production of spurious frequencies,
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which may be fed back to the input of the receiver to cause inter-
ference with the picture.

Signal-to-noise ratio in a superheterodyne having no R.F.
amplifying stages is low because the frequency changer generally
produces more noise and gives less amplification to the signal than
a R.F. amplifier. The local oscillator, too, adds its own quota to
the total noise. The special types of frequency changer, such as
the hexode or heptode, take a much larger cathode current than a
R.F. amplifier valve and their equivalent shot-noise resistance is
consequently very high (of the order of 0-25 MQ). Hence they are
not very suitable for use in receivers employing no R.F. stage.
American practice, which often omits the r.F. stages, uses a pentode
frequency changer with the local oscillator voltage applied to the
grid-cathode circuit. This is the most efficient method of frequency
changing for a given total cathode current, and the equivalent noise
resistance can be reduced to quite a low value (about 10,000 £2)
when a high g,, pentode is used. A still lower equivalent noise
resistance (about 7,000 £2) can be obtained by using a triode valve
as a frequency changer, but its conversion gain is low—it may be
less than unity—so that higher amplification is needed from the
LF. stages to achieve a given sensitivity.

In the superheterodyne receiver it is normal to accept audio and
vision signals up to the frequency changer output and to provide
two separate 1.F. channels. Frequency stability of the local
oscillator is therefore more important from the point of view of the
audio than of the vision signal, because the tuned circuits in the
audio r.F. amplifier have much sharper selectivity. They may,
however, be given a wider pass-band (450 to 4100 ke/s) than that
(+20 ke/s) normally required for high fidelity amplitude modulated
reception. There is usually a slight reduction in signal-to-noise
ratio with the wider pass-band. Discrimination against the audio
signal is carried out in the vision 1.F. amplifier by means of special
rejection circuits.

Full discussion of the types of interference frequencies produced
by the frequency changer is found in Section 5.4, Part I, and
Section 15.7. The chief cause of interference with the television
signal is 1.F. harmonic feedback into the signal circuits. These
L.F. harmonics can be produced in the 1.F. amplifier and are normally
present across the detector load resistance in the form of a R.F.
ripple. If these fall within the television signal pass-band and are
fed back into the signal circuits, they may cause chequerboard
patterns or alternate streaks of light and shade to appear across
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the picture. The effect can be reduced to negligible proportions by
careful shielding of components likely to produce 1.F. harmonics,
decoupling of all circuits (frequency changer, 1.¥. amplifier, detector
to v.F. amplifier connection, and the v.». amplifier) so as to prevent
1.F. harmonics from entering the m.T. supply. Careful selection of
the intermediate frequency and reduction of the 1.r. amplifier
pass-band by employing single sideband reception are also important.

Single sideband 1.F. reception is almost a necessity in the super-
heterodyne, if adequate amplification and selectivity are to be
obtained with a level frequency response over the pass-band range.
This calls for careful tuning, otherwise there may be serious phase
distortion producing a picture in relief, or attenuation distortion
with loss of definition. Generally the best tuning position is with
the carrier tuned outside the pass range to a point where amplifica-
tion is one-half maximum. There can never be an abrupt cut-off
outside the pass range, and double sideband reception of the lower
modulation frequencies nearest the carrier occurs. Unless the
carrier is detuned to about one-half amplitude, this double sideband
reception results at the detector output in an accentuated low-
frequency response with an apparent lack of definition. The
English system of double sideband transmission allows selection of
either sideband to be made; since the sound signal is lower in
frequency than the vision, better discrimination against it can be
realized in the vision 1.F. amplifier by using the upper vision sideband.
Vestigial sideband transmission (the upper vision sideband with
750 ke/s of the lower sideband) has been adopted in America and
the vision 1.F. carrier is tuned outside the level part of the 1.F. pass
range to one-half amplitude. The vision and audio 1.F. amplifiers
are lined up together so that when the audio signal is correctly
tuned, the vision carrier is correctly located on the side of the
1.F. response curve, i.e., the output from the audio receiver acts
as a tuning indication. Vestigial sideband transmission is used in
preference to single sideband because it is difficult to achieve
a sharp cut-off of all sidebands below the carrier frequency without
appreciable phase distortion of those above the carrier.

To demonstrate the design features of a superheterodyne receiver,
we shall consider the American system of television transmissions,
each in different, sometimes adjacent, frequency bands, because it
leads to a more complex receiver than does the single English
transmission. Kach frequency band is 6 Mc/s wide, the vision
carrier is 1-25 Mc/s from the lowest frequency of the 6 Mc/s pass-
band, e.g., the carrier frequency for the band 44 to 50 Mec/s, is
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45-25 Me/s. Vestigial sideband transmission provides for 750 ke/s
of the lower vision sideband and 4 Mc/s of the upper. The associated
audio carrier is 4-5 Mc/s above the vision carrier, viz., 49-75 Mc/s
for the band specified, and 0-25 Mc/s from the upper edge of the
6 Mc/s band. There are four other television bands, 50 to 56,
66 to 72, 78 to 84, and 84 to 90 Mc/s, and it will be seen that first
and last pairs are adjacent. This means that filters must be
included in the vision 1.F. amplifier to discriminate not only against
the associated audio carrier but also against the audio carrier of
the adjacent lower frequency band, for this carrier is only 15 Mc/s
below the vision carrier.

16.6.2. The Frequency Changer Stage. The design of a R.F.
stage preceding the frequency changer of a superheterodyne receiver
is identical with that of a r.F. stage in a tuned Rr.F. receiver, and no
further discussion is needed. Whether or not the frequency changer
is preceded by a R.F. stage (or stages) depends on the type of
frequency changer. If it is a heptode or hexode, a R.F. stage is
essential. On the other hand, if a pentode of high ¢, is used with
oscillator application to the grid-cathode circuit, the equivalent
noise voltage is not so much greater than that of the tuned Rr.F.
receiver in Section 16.4. In order to make comparison between
the relative noise voltages at the grid of the first valve in the two
types of receiver, we shall consider the same total pass-band width
as in Section 16.4, viz., 4 Mc/s. If the ®r.F. valve cited in that
section is used as a frequency changer, it will have a conversion
conductance approximately equal to }g,, i.e., 2 mA per volt; its
shot-noise resistance as a frequency changer is therefore four times
its resistance as an amplifier, i.e., 6,000 2. Allowing for an equiva-
lent shot-noise resistance of 2,000 Q for the oscillator valve, we
have a total shot-noise resistance of 8,000 2 for the valve as a fre-
quency changer. If the feeder-first tuned circuit coupling is the
same as that in Section 16.4 having a loss of 3 db., the noise voltage
at the grid of the frequency changer is

E, =125 x 10720/(8,000+2,650) x 4 x 108
= 258 uV,
which is 1-6 times greater than that of the valve as a r.F. amplifier.
This is not a large increase and it could be tolerated except for
receivers operating at the edge of the service area of a transmitter.
It should, however, be noted that as g, is only }g,, greater LF.
amplification is needed for the same overall gain as the tuned
R.F. receiver. Since the pass-band width and minimum tuning
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capacitance are the same for both types of receiver, the amplification
of each 1.F. stage cannot exceed that of a R.F. stage, so that an extra
stage is needed in the superheterodyne receiver.

A heptode or hexode frequency changer has an equivalent
shot-noise resistance of about 0-25 M{2, hence the noise voltage at
the grid of this type of valve is

E, = 125 X 10710 x 1/(250,000+2,650) X 4 x 10°
= 125:6 uV,
which is 7-8 times greater than for the r.¥. amplifier. The need
for a Rr.F. amplifier in this case is obvious. Suppose we include the
first BR.F. stage of Section 16.5 before the frequency changer. The
equivalent noise resistance in the frequency changer grid is 251,325 Q
(note that the resonant impedance of the secondary of the tuned

transformer of Fig. 16.3 is %’ = 1,325 Q), and

E, =125 x 10710/251,325 X 4 x 108 = 125:3 V.

The additional equivalent noise voltage at the grid of the r.F. valve is
this voltage divided by the gain (9-45) of the Rr.F. stage, i.e., 13-28 uV.
The total equivalent noise voltage at the grid of the R.F. valve,
including that due to r.F. valve and first tuned circuit, is
E, = V/(16-1)2+(13-28)% = 20-85 uV,

which is half-way between that of the r.F. valve used as an amplifier
and that of the same valve used as a frequency changer. The use
of two r.¥. stages before the frequency changer reduces the equivalent
frequency changer noise voltage at the grid of the first ®.F. valve
to 1-405, which makes practically no difference to the total noise
voltage.

Another method of calculating the overall effect of noise in the
frequency changer valve is to refer the total equivalent noise
resistance in its grid circuit to the grid circuit of the r.F. valve by
dividing the resistance by the square of the gain of the Rr.F. stage.
The gain must be squared because noise resistance is proportional
to the square of the noise voltage. Thus the equivalent frequency
changer noise resistance at the grid of the Rr.F. valve is 2,810,
giving a total resistance of 4,150+42,810 = 6,960 or

E, =125 X 107194/6,960 x 4 x 108 = 20-85 xV.
For two R.F. stages the frequency changer equivalent shot-noise

resistance falls to 31-6 Q.
Turning now to the design of the frequency changer stage,
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a circuit typical of American practice is shown in Fig. 16.5, for
two of the five television bands. The dipole aerial is coupled
through a transformer with a centre-tapped primary to a coaxial
feeder ; an electrostatic screen is included between primary and
secondary. The coaxial feeder has the advantage of simplifying
the push-button switching because one side is earthed. The
receiver end of the feeder is connected through push-button switches
(PB1 for band 1 and PB2 for band 2, etc.) to a primary coil L,
coupled to two tuned ecircuits L,C, and L,C;. The first tuned
circuit increases selectivity against the image and other undesired
signal frequencies, and also acts as an isolator to reduce the possi-
bility of re-radiation of the local oscillator. Compared with the
single coupling between feeder and grid-tuned cireuit of Section 16.4,
this double-tuned cireuit coupling gives much sharper selectivity
outside the pass-band for the same fall in response at the edges of
the band ; transfer voltage ratio is, however, usually reduced by
inserting the circuit L,C,. Optimum coupling is employed between
L, and L, and often between L, and L,, and for a given pass-band
response the value of L, can be varied without affecting the overall
transfer voltage ratio of the filter. This may be proved as follows :
The transfer voltage ratio from feeder to C, is

E, IA/RDZ
“ro_ /P2 | 163
E, 2NR

al
where Rp, = resonant impedance of L,C, when coupled to, and
including the damping from L,C,.
and R, = characteristic impedance of the feeder.

In order to make use of tuned transformer theory as developed
in Chapter 7, Part I, we must imagine that the voltage E, is being
produced by a constant current generator supplying the parallel
circuit formed by L,C,. Assuming that optimum coupling is
employed between L, and L, the resonant impedance of L,C,
(including the damping effects from L, and L,C,) is $Rp,. Hence
the current from the fictitious constant current generator is

E,

7Bpy
The transfer impedance from L,C, to L;C, from the current generator
is (expression 7.3a, Part I) at f,

L,
RpyQ@sk J: o
Zp— ; L, _ ‘/RI;RD?» .. 165.

16.4.
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The voltage across C, is

By = 12y = 1Y EoEi
Replacing I by 16.4
R
E _E,J D3
Rpe
and E, from 16.3
E, _1 JR_M .. . . 166
E, 2N R,

which is independent of B,;. Now @, and @, determine the overall
selectivity, and for constant selectivity (constant pass-band range)
the product @,Q; must be constant, which means that @, must be
constant when L, only is varied. But
R
L, =22 « Ry, when Q, is constant,

0@,

so that variation of L, has no effect on transfer voltage when
pass-band response is fixed.

Let us now compare a double coupling filber having a loss of
— 8 db. at the edge of the pass-band with the single coupling of
Section 16.4. Taking ¢, = @, (this is generally the most economical
condition) and referring to Fig. 7.7, Part I, we see that for — 3 db.
loss at optimum coupling (@% = 1 curve), QF = 1-4, so that for
Af =2 Me/s

Q = 14 X45 o xns
4
If O3 = 15 uuF, RD3 = 3,700 2, L, = 0-832 uH, and overall transfer
3,700
voltage ratio is - 2 ——80— = 3-4, which is less than that (4-07) for

the single coupling of Section 16.4. On the other hand, the loss

at (for example) 11-3 Mc/s off-tune (QF = 7-9) is — 30 db. as

compared with — 18 db. (Fig. 4.3, Part I) for the single circuit.
If L, =1%.L, = 0416 yH, and @, = ¢; = 15-75, the mutual

inductance coupling between L, and L, is determined from

1 1 . —_—

k= R E 0-0635, ie., M, = kVL,L, = 0-0374 yH. The

2M12

R,

sion 3.18, Part I, when R, > X_,), which, in association with

value of M, is obtained from the resistance d

(see expres-
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wL,, must give a @ of 15-75 (neglecting losses in L,). Thus, when
oL, £ R,,, oL,/o*M,%/R,, = 1575 gives M, = 0063 pyH. In
order to satisfy the condition that wL, < R,,, L, should be as small
as possible ; it is fixed by the maximum possible coupling coefficient,
which may be taken as 0-4. Thus

kE=04= M,
vL,L,
or Ly = 0-1085 uH
and wLl, = 30:7 2.

The chief effect of L, is to introduce a reactive as well as resistive
component into the L,C, circuit, but this may be compensated by
retuning L,C,. In the above example the circuit L,C, is assumed
to be tuned to 45 Mc/s in order to facilitate comparison with previous
calculations based on the English transmission. For the American
system the circuit is capacitance-tuned to the centre of each band,
e.g., 47 Mc/s for the 44 to 50 Mc/s band. The grid coil L, must
be made as large as possible in order to obtain maximum transfer
voltage ratio, and no tuning capacitance other than the wiring
and valve capacitance, shown dotted as C,, is used. Tuning of
this circuit is accomplished by eddy current tuning of L,. The
plunger is inserted at the end of L, opposite to L,, so that variation
of L, has practically no effect on L, or the mutual inductance
coupling M, between L, and L,. The coils L,, L, and L, are usually
all wound on the same former, M, being adjusted for optimum
coupling between L, and L, and M, for the correct pass-band
width of 4-5 Me/s, which covers both vision and audio sidebands.
The push-button switching is arranged so that all but the coils
associated with the particular band are disconnected.

The grid input resistance of the frequency changer will be com-
parable with its resistance as an amplifier, and its value will
determine the value of resistance R, in parallel with L,. It is quite
common American practice to apply A.6.c. to the television receiver,
and when the frequency-changer valve is controlled it is important
that its input resistance and capacitance should not vary appreciably
with change of bias, otherwise the grid circuit is off-tuned and its
pass-band reduced as bias is increased. Accordingly an unby-passed
resistance R, (about 50 £2) is included in the cathode lead as
described in Section 4.10.3. This resistance introduces negative
feedback, and reduces the conversion gain of the frequency changer
to about 659, of its value without the resistor. It increases input
resistance, which means that R, must be decreased, and changes
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of input resistance therefore have less effect. Mutual inductance
or capacitance coupling is employed between the oscillator and grid-
tuned circuit to produce an oscillator peak voltage of 3 volts between
grid and cathode of the frequency changer. The latter may have
cathode self-bias as in Fig. 16.5, or when A.a.c. is not applied it
may be biased by grid current. The extra damping due to grid
conduction current is negligible compared with the input resistance
of the valve if a comparatively high grid leak, R, (0-5 MQ) is
employed.

The values of the other components in the frequency changer
section of Fig. 16.5 are

R, = 50,000 2, R, =1,00080, R, =509,
R, =300 2, R, = 05M0.
C; = 30 uuF (maz.), C, = 50 yuF, Cs = 0:001 uF,
Cs = 0:001 uF, Cy = 0:001 uF, C, = 0-01 uF.

The heater leads are not shown in the diagram, but they are decoupled
to earth by 0-001 uF mica capacitors.

16.6.3. The Oscillator. A separator oscillator valve is almost
an essential requirement for the high frequencies involved in tele-
vision reception, because it is not possible to obtain a high enough
9. and low enough R, for satisfactory operation from a triode and
frequency changer combined in the same bulb. The types of
oscillator circuit most often used are the Hartley or Colpitts, or
modified forms of these. In most cases fine tuning is carried out
by means of a small trimmer capacitance, Cp,(2 — 5 uuF) in
Fig. 16.5, across a part of the coil from anode or grid to earth.
With the modified Hartley circuit of Fig. 15.6, the trimmer is placed
across the whole coil.

Frequency stability is all important and care should be taken
to carry out the principles laid down in Section 6.9, Part I, and
Section 15.6. A negative temperature coefficient capacitor may
finally be connected across a whole or part of the coil to compensate
for the fall in frequency, which is associated with the normal increase
in inductance and capacitance as the temperature rises. From the
point of view of stability, oscillator frequency should be less than
the signal frequency, but in American receivers it is generally
greater than the signal frequency because this gives a lower 1.¥. for
the sound signal. The disadvantage of the lower oscillator frequency
is that the image frequency falls in a short wave range normally
occupied by a large number of transmissions.

Change of range of oscillator frequency is usually accomplished
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by switching coils in parallel with a part of the main tuning coil
by push-button switches as shown in Fig. 16.5. Coupling to the
frequency changer is by capacitance C,; (about 2 to 5 yuF) or by
mutual inductance from the oscillator to signal circuit. This is
possible because correct adjustment of oscillator amplitude can be
made for each television band since the signal circuits are preset
tuned. Typical values for the remaining components of the
oscillator circuit are

0 = 50,000 2, R, = 5,0002, R,, = 15,000 0.
Cys = C14 = 20 uuF, Ci; = 0-001 uF (mica), Ciz = 2 uF (paper).

The capacitance C,; is intended to decouple the oscillator from any
low-frequency components present in the H.T. source.

16.6.4. The I.F. Amplifier. The most serious form of inter-
ference in television superheterodyne reception is that from inter-
mediate frequency harmonics, and not, as in sound broadcast
reception on medium and short waves, that from oscillator harmonie
and image signal responses. Provided the oscillator frequency is
greater than the signal frequency, image signal response presents
hardly any problem, though it may become more important as
more use is made of the ultra high-frequency band. With the
English system of audio signal lower than the vision, the lower
oscillator frequency has the advantage of giving an audio 1.F. lower
than the vision LF.

Referring to the English system of audio and vision carriers at
41-5 and 45 Mc/8, it is clear that an 1.F. equal to the difference
(or a multiple of this) between the two carriers, viz., 3-5, 7, 10-5,
14 Mc/s, etc., should be avoided. Since feedback of 1.F. harmonics
is the greatest source of interference, a submultiple frequency of the
vision carrier, 22-5, 15, 11-25, 9 and 7-5 Mc/s, must not be employed
for the vision 1.P. carrier. The width of the vision sidebands,
2 Mc/s, precludes the use of a low 1.F., and too high a value is
unsatisfactory because it is then more difficult to discriminate
against the associated audio signal, and also to I.F. harmonics,
which happen to fall in the 1.F. range. On the other hand, image
signal response is reduced by a high 1.r. From the point of view
of overall amplification it does not matter what value of 1.F. is
chosen when the pass-band width and minimum tuning capacitance
are fixed, because the resonant impedances of any tuned circuits
are then independent of f,, e.g.,

R, ¢

= ol
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and for a fixed pass-band width QF = constant, 4,

_ Afm,

24f

_ Af, _ B 1

Therefore Ry = S 240 A0 oc 470
when Af and C are constant.
For a vision frequency band from 43 to 47 Mc/s, we find I.F. har-
monic interference is possible over the following frequency ranges,
86 to 9-4, 10-75 to 11-75, 14:33 to 15-66, 21-5 to 23-5 Mc/s—we
need not consider lower than the 5th submultiple—with clear
reception from 9-4 to 10-75 (1-35), 11-75 to 14-33 (2-58), and 15-66
to 21-5(4-83) Mc/s. Assuming single sideband 1.¥. reception (2 Mc/s
total pass-band) with the upper sideband, a vision 1.F. carrier of
about 12 Mec/s is the lowest possible value ; the 1.¥. audio carrier
would be 85 Mc/s. Actually a lower 1.F. (425 Me/s with audio
at 750 ke /s) has been successfully employed with narrowed sideband
response. However, the general trend of television development is
towards greater picture detail so that an 1.¥. of the order of 12 Mc/s
is a better proposition. In America the vision 1.F. carrier has been
standardized at 12-75 Mc/s with 8:25 Mc/s for its associated audio
carrier.

The circuits employed in the I1.F. amplifier may consist of single-
tuned circuits, having staggered resonant frequencies to cover the
wide pass-band, coupled tuned circuits, or band-pass filters of the
derived type with rejection frequencies for the associated audio
programme and any other transmission likely to cause interference.
The objection to single-tuned circuits with staggered resonant
frequencies is that overall amplification is lower than for coupled
circuits of the same pass-band width, and there is a danger of over-
loading the last stage in the amplifier unless the last tuned circuit
has a flat frequency response over the pass range. Band-pass
filters ¢ generally require a low terminating impedance to give
a practical value of capacitance element, and therefore stage gain
tends to be low. Coupled tuned circuits 2* are the most popular
type.

Coupled tuned circuits provide two possible methods of obtaining
a flat overall frequency response ; either each pair can be designed
for a substantially flat response, or a combination of single- and
double-peaked responses may be used. The former involves heavy
damping and low @ values with consequent low amplification per
stage ; a combination of single- and double-peak responses is

hence

= constant
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therefore preferable because greater amplification can be realized.
Overall phase distortion can also be reduced by suitably combining
single- and double-peaked circuits, the distortion in single-peaked
circuits often being in the opposite direction to that in double-
peaked circuits. Excessive double-peaked response must be avoided,
otherwise phase distortion (see Table 16.4) may become excessive ;
for best compensation of attenuation distortion the value of @F at
which the peak occurs should correspond to the edge of the pass-band,
ie., Af remains the same as the peak moves farther from the mid-
frequency, and @ must be increased to satisfy the higher value of QF.
Mutual inductance or capacitance coupling may be provided between
the tuned circuits ; the advantages of capacitance coupling are that
inductance tuning can be carried out without affecting the coupling,
and adjustment of one side only of the response curve with respect
to the mid-frequency is possible. However, mutual inductance
coupling can be made almost independent of inductance tuning if
the mutual inductance is obtained by coupling a part only of one
coil to the other, and adjustment of one side only of the response
curve is possible by variation of the resonant frequency of either
circuit, i.e., by varying coil inductance. If the stray capacitances
across primary and secondary coils can be controlled within as good
a limit as the inductances, tuning may be dispensed with ; alterna-
tively one circuit only may have variable tuning and be made to
compensate for variations in the other one. If capacitance tuning
is used in the latter case, it is better included on the secondary side
because the input capacitance of a valve is generally higher than its
output capacitance. The trimmer capacitance has a certain
minimum value and the ratio increase in tuning capacitance is less,
and therefore the ratio decrease in amplification less, by adding the
trimmer to the higher initial capacitance circuit. Lower stage
gain is, of course, inevitable with capacitance tuning.

To estimate the overall amplification required of the 1.F. stages,
let us imagine that the aerial circuit and frequency changer valve
are as in Section 16.6.2, and that an output of 5 volts peak is required
at the detector. The equivalent noise voltage at the grid of the
frequency changer is 25-8 uV, so that a signal-to-noise ratio of
30 db. fixes the minimum input signal at 817 uV, and the total

amplification required from the grid of the frequency changer to

. 5 x 10¢ .
the detector is %—— = 6,130. Allowing a frequency changer
conversion gain } that of an 1.F. stage and an 1.F. stage gain of 13,

we need three stages of 1.F. amplification after the frequency changer,
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and four pairs of 1.F. coupled circuits. The pass-band of the r.F.
tuned circuit before the frequency changer is wider than the 1.F.
pass-band (it has to include the audio signal as well), and we shall
therefore neglect its effect on the overall frequency response in and
around the I.F. pass range.

The design of the 1.F. amplifier, which is detailed below, is con-
sidered with respect to the American form of multichannel vestigial
sideband transmission, so that the vision 1.F. carrier has to be tuned
to a point on the side of the overall selectivity curve where the
frequency response is one-half that of the average response over the
pass-band. As 750 ke/s of the lower sideband is transmitted, it
means that the flat pass-band response should begin about 500 ke /s
above the vision I.F. carrier, the upper limit of the sidebands is
4 Mc/s, giving an effective overall pass-band of 3-5 Mc/s. Taking
the band 50 to 56 Mc/s, for which the vision carrier is 51-25 Mc/s,
the maximum upper sideband frequency, 55-25 Mec/s, and the
associated audio carrier frequency, 55-75 Mec/s, an oscillator fre-
quency of 64 Mc/s gives an I.F. vision carrier of 12-75 Mc/s, and a
vision pass range from 12-25 to 8-75 Mc/s with a mid-frequency
of 10-5 Mc/s. The associated audio carrier is 8-25 Mc/s and there
is also the audio carrier (49-75 Mc/s) of the adjacent transmission
producing an 1.¥. of 14-25 Mec/s. Special discrimination is needed
against both these frequencies, and the filter circuits needed to
suppress them may have considerable influence on the frequency
response of the vision pass-band, particularly at the edges; the
L.F. coupled circuits should therefore be designed in association with
the filters. This, however, tends to mask some of the properties of
the coupled circuits, and in this section we shall consider the
performance of the latter only, leaving to the next section an
examination of the 1.¥. amplifier with special filters, but noting that
an overall response peaked at the edges of the pass-band will be
an advantage in compensating for the attenuation caused by the
filters.

When selecting the desired response of each pair of coupled
circuits, we cannot afford to have single-peaked couplings less than
critical because this entails loss of stage gain (maximum transfer

I
Bb@*\/%

1400
However, the overall reduction of amplification is usually less than
the stage gain reduction due to using under-coupled circuits, since

impedance for couplings less than critical equals
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a level pass-band response calls for increased coupling in the double-
peaked circuits and also a higher @ value, which therefore tends to
give a higher trough stage gain at the mid-frequency, f,. For the
four pairs of coupled circuits, let us select three of @k == 1-5, each
having a peak-to-trough ratio of 0-7 db. with the peaks at QF = 4-1-12
(see Section 7.3, Part I), and one of Q% = 1 with a fall of — 1-8 db.
at QF = 41-2. If @ is chosen to satisfy the values of QF quoted
above at Af = 41-75 (the total required pass-band is 3-5 Me/s),
there is a rise in the frequency response curve from the mid-frequency
(10-5 Mc/s) to the edges of the pass-band. Maximum response of
+-0-9 db. occurs at Af = +1-45 Mc/s and at 4f = +1-75 Mc/s the
response is +0-3 db. with respect to, that at the mid-frequency.
As stated above, this increase is an aid when the sound signal filters
are incorporated. Component values for the coupled circuits are
as follows: taking first the overcoupled circuits (Qk = 1-5),
QF = 1-12 at Af = 1-75 Mc/s gives

Q = L1%¥n _ 112 X 105

2Af 35
For maximum stage gain the tuning capacitance must be a minimum
and this may be taken as 15 uuF. Referring to the typical L.F.
amplifier circuit of Fig. 16.6 (valve V, stage), Oy = C35 = 15 uuF,
15

Lip=Lys = 153 yH, b = 5 = 0-446, M = 0446 X 153 — 6:82 pH

= 3-36.

and
— 3,400 Q.

Q 3-36 x 108
Ry = =

wCy 628 x 105 X 15
If the g,, of the 1.F. valve is 8 mA /volt, the stage gain at the peaks
M = 136, or at
2 x 108
10-5 Mec/s is 136 X 0-923 = 12-55 (the factor 0-923 takes into
account the trough to peak ratio of — 0-7 db.). The damping
resistances R,; and R,; are calculated, using the method applied
for the r.F. amplifier in Section 16.5; the valve input resistances
are much higher, approximately in proportion to the reciprocal of
the square of the frequency ratio, i.e., about 100,000 2. If grid-
bias control of the 1.7. valve is employed some method of stabilizing
grid input capacitance is necessary, and in Fig. 16.6 negative
feedback stabilization with the unby-passed resistances R,; and
R,, (about 50 Q) is shown. The values of the anode decoupling
resistances (R,, and R,,) are 1,000 £2, the screen potential dividers,
R, B,5s and Ry,R,,, consist of 30,000 and 20,000 Q2 resistances, the

of the frequency response is 1g,Rp =
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bias resistances R,s and R,, are 150 2, and decoupling capacitances
Cio, Ci1, Csa, ete., are 0-01 yF (mica). The a.¢.c. filter for the
valve V; stage is made up of C,, (0-1 to 0-5 uF) and R,; (0-5 MQ2).

For the ecritically coupled stage QF =1-2, @ =36, and
R, = 3,640 2 (C, and C,, in Fig. 16.5 are 15 pulF), which gives
a stage gain for the frequency changer of 3-64 if g, = 2 mA /volt.
The total overall amplification is therefore 7,200 times, which more
than satisfies the requirement originally postulated. This calculated
gain ignores the reduction in amplification due to the negative
feedback caused by resistances R,, and R,, in Fig. 16.6. Stage
gain may be reduced to 759, of its normal value by the inclusion
of these resistances, and when they are used an extra 1.F. stage will
be needed to reach the desired overall amplification of 6,130 times.

Since the gains of the 1.F. amplifier stages are comparable with
those of the tuned r.F. amplifier, and the mid-frequency is only
one-quarter of the signal frequency, it follows that anode-grid
interelectrode capacitance feedback, which was very small in the
case of the r.¥. amplifier, will be negligible in the 1.F. amplifier.

Phase distortion can be checked in the manner described in
Section 16.4. Since single sideband reception is being used the
reference point is no longer the mid-frequency 10-5 Mc/s, but the
vision carrier frequency 12-75 Mec/s and the curves in Fig. 16.4
are not applicable. The phase angles, derived from expression 16.25,
are tabulated on page 398 against QF for the two values of coupling
@k = 1 and 1-5. The modulation frequency corresponding to each
QF value, and the phase angle error are also listed. The correct
angle for zero distortion is calculated for the circuits of @& = 1-5
by subtracting from 68° 24" the phase angle difference between
QF = 4-1-45and +1-4 multiplied by 20 times the difference between
the particular value of @F being considered and QF = 1-45. The
latter value does not quite correspond to the vision I.F. carrier
frequency (12-75 Mec/s), which gives QF = 1-44, but is sufficiently
close for all practical purposes. Similarly, for the critically coupled
circuit of @k = 1, QF = 1-55 is taken as the reference point though
QF = 1-545 actually gives the vision carrier frequency.

The overall phase angle error is obtained by multiplying the
error for @k = 1-5 by 3, and adding to it the error for @k = 1.
Thus at modulation frequencies of 3 and 4 Mec/s the overall errors
are — 87° (— 106°+19°) and — 104° (— 133°+29°), and these
correspond to time delays of 0-0805 and 0-0723 u secs. respectively,
which are satisfactory. Maximum time delay occurs at a modulation
frequency at 3 Mec/s.
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TABLE 16.4
QF (1\'{["(;"/2)_ @ (actual). Phs},;fré&;xgle (1\‘&"(',7&_ @ (actual). Pha];]s;ﬁsgle
+ 1-55 0 — 97° 24 — — —_— —_—
+ 15 0-07 — 94° 46’ 0 — — —
+ 145 — — — 0 — 68° 24/ —_—
+ 14 0-21 — 89° 11"} + 0°19 0-06 — 65° 167 0
+ 1-3 0-35 — 83°12 + 1° 2/ 0-22 —59° 2| — 0° 2
+ 12 0-5 — 76° 52| + 2° 6’ 0-375 — 527 59 — 0° 15°
+ 1-1 0-65 —70° 15| + 3°27 0-53 — 47° 107} — 0° 42/
+ 10 08 - 63° 26| + b° 0-70 — 41° 38| — 1° 26’
+ 0:8 11 — 49° 38| + 8°16’ 1-0 — 81° 29°| — 3° 49’
+ 06 1-375 — 36° 12| + 11° 10/ 1-31 — 22° 33| — 17° 25
+ 04 1-73 — 23° 30" | + 13° 20’ 1-625 - 14° 31| — 11° 55’
+ 02 1-96 — 11° 32°| + 14° 46’ 1-94 - 7° 6| —-17° 2
0 2:25 0 + 15° 467 2-25 0 — 22° 28’
- 02 254 + 11° 32°| 4 16° 46’ 2-56 + 7° 67| — 27° 54’
— 04 2-83 + 23° 30’ | 4- 18° 12/ 2-875 + 14° 31" — 33° 1’
— 06 3125 + 36° 12/ | + 20° 22’ 3-19 + 22° 33’ — 37° 31’
— 08 3-365 + 49° 38| 4 23° 16’ 35 + 31°29°| —41° 7/
- 10 371 + 63° 267 | 4+ 26° 32’ 3-81 + 41° 38" | — 43° 30’
- 11 3:85 + 70° 15| + 28° &’ 3-98 + 47° 10'| — 44° 14/
- 12 4-0 + 76° 52’ | 4 29° 26’ 4-125 + 52° 59| — 44° 41’
Qk 1 1 1 1-5 1-5 15

Expression 7.2¢c, Part I, enables the attenuation at the two
audio carrier frequencies of 8-25 and 14-25 Mec/s to be calculated,
and they are tabulated below. The reference point for 0 db. is
taken as the value of | Z, | at f,, and not the maximum value as is
done in Section 7.4, Part I. Thus for three circuits of Qk = 1-5
and one of @k = 1, the following results are obtained.

TasLE 16.5
Audio Carrier Af QF ok Attonustion AttTOtal‘
Frequency (Mc/s).| (Mc/s). per stage (db.). ?éxkt)ljfxon
8-25 — 225 — 144 1-5 + 0-4 — 2:66
— 1-545 1-0 -~ 3:86
14-25 + 375 + 24 1-5 — 444 — 24-12
+ 2-58 1-0 — 10-8 — 24-12

A positive sign in the above represents a gain and a negative sign
a loss. A point to be noted is that the vision carrier frequency loss
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is the same as that at the lower audio carrier, viz., — 2-66 db.,
and it is not sufficient to reduce the carrier to half amplitude
(— 6 db.); however, the trap circuits for 14-25 Mc/s will intro-
duce a loss at this frequency and the total loss at 12-75 Mc/s will
be greater than that shown for 875 Mc/s in the table.

It is clear from the above that the attenuation at 8:25 and
1425 Mec/s is insufficient, and we shall now consider the types of
filter for rejecting these frequencies.

16.6.5. Audio Signal I.F. Filter Circuits.?* Special care
has to be exercised in the design of filter circuits required for sup-
pressing undesired audio transmissions, otherwise the vision signal
pass-band response may be seriously affected by the addition of
the filter or trap circuit. It is better to employ a number of filters,
each having equal attenuation at the rejection frequency rather
than a single filter of the same total attenuation, because a series of
filters produces a much sharper attenuation characteristic with less
attenuation and phase distortion at the edges of the vision pass-band.
To avoid cross-modulation the filters should be incorporated in the
early stages of the 1.F. amplifier.

The filter generally consists of a series or parallel circuit, tuned
to the frequency it is desired to reject, and examples of some of
the methods employed are shown in Figs. 16.5 and 16.6. In
Fig. 16.5, LyC,, is a resonant circuit coupled to the primary of the
first pair of coupled circuits and acting as an absorber and also
pick-up circuit for the associated audio signal. L,C,, is a parallel
resonant circuit which forms with the secondary tuning capacitance,
C,,, a potential divider. A series resonant circuit, L,,C,, in Fig. 16.6
may be included in parallel with the primary or secondary to act
as a shunt to the rejection frequency, and yet another type is the
series parallel circuit, C,;, and L,,C,,, of Fig. 16.6. The parallel
section L, (s, is tuned to the mid-frequency of the vision pass-band,
and C;, is adjusted for resonance with the inductive reactance of
L,sC;, at the lower audio carrier; it can only be used to reject
frequencies lower than the vision frequencies, and if it is desired to
reject higher frequencies C,;; must be replaced by an inductance.
Combined inductance and capacitance coupling may also be used
to provide a rejection frequency; in Fig. 16.6 M, and C,, form
a series resonant circuit, which reduces the coupling to zero at
the resonant frequency. The sign of M must be positive (see
Section 3.4.2, Part I).

Let us now examine in detail the absorber type of filter, L,C,,
in Fig. 16.5, assuming that it is coupled only to L,, and therefore
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has negligible effect on the L,C,, circuit. This is not difficult to
achieve in practice, particularly when L, is split into a coupling
and main section, with the latter separate from the former as shown
in Fig. 16.5. The filtering action of the L;C,, circuit is accomplished
by virtue of the impedance it reflects into the L,C, circuit ; this
impedance has resistive and reactive components (see Section 7.6,
wM,2 w?M,2X,
Part I) of m]f s and TREIXz
the series resistance component of L; and C,,, and X; is the series
1
oCyy
reflected reactive component is negative (capacitive) when X, is
inductive, a condition occurring when the applied frequenocy is
greater than the resonant frequency of L C;,. The reverse is true
when the frequency is less than the resonant frequency of L,C,,.
This reflected impedance from L;C,; modifies the transfer imped-
ance formula of expression 7.2a, Part I, to

respectively, where R'; is

It will be seen that the

reactance component, i.e., wL; —

) L,
_JRDleka
Zy = . L 16.7a
T 7 [14+4+§(Q.F +B)[1+jQ:F] +Q.Q.k?
_ wM2R
where 4= @arxor
2)f,2X
and B = — _2475
(R's2+X:2)R,

where R,’ is the equivalent series resistance of the primary of the
transformer and is associated with Q,.

Section 7.6, Part I, shows that the reflected impedance from L,C,,
effectively is in series with L,, and the sign given to B in expression
16.7a is positive if the resonant frequency of L,C,, is above the
mid-frequency of the coupled circuits and negative if it is below.
Assuming identical coupled circuits as for Section 16.6.4, expres-
sion 16.7a reduces to

™ [+ A +5(QF +B)|[11jQF] + Q%
_ RQk
V[1+Q*(k*—F?)+A—BQF]*+[2QF +AQF + B]*

It should be noted that L C,, has the same effect whether it is
coupled to L, or L,, when these two circuits are identical.

16.7b.

| Zp |
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The ratio loss introduced by filter at any frequency is therefore

| Zp | pater __ J [TrQ%k® — FO°F[2QF
[1+Q*k

REAE — F*)+A = BQF*+[2QF + AQF +B]*
or loss = — 20 log,, Lz db.
| Z |+ sster

[1+Q*k*—F?*)+A4—BQF]*+[2QF + AQF +B]* , . o
[1+@*k*—F2)]*+[2QF]* o

If the coupled circuits L,C, and LC,, are the critically coupled
pair of the previous section, @k = 1, the value of QF corresponding
to the frequency, 8:25 Mc/s, to which L,C,, is tuned, is — 1-545.
Replacing @k and QF in expression 16.8 by these numerical values
and noting that B = 0, for X, is zero when L¢C,, is resonant,

— 10log,,

ton - 0k, (L et
= — 10 logy, 9-712+8-£7’.8,;zi;+3.39A02
= — 10logy, %; = ~ 22 db.
if Ay =20 = %?_

This is a satisfactory value for the attenuation of a single filter
circuit provided the effect on the vision pass-band is small. This
can be checked as follows: at a frequency above the resonant
frequency of L,C,,, the series impedance of this circuit can be

written Z; = Rg(14-jQ,F’), where F’ = 24f° , Af' is the frequency

fs
off-tune from the resonant frequency f; of L,C,, and @Q; = a;—{ls ;
5
it is convenient to neglect the variation of wM, over the frequency
range considered—the error is not large and in any case the principle
is applied in calculating Z, and Z;. Hence the value of A in
expression 16.8 at frequencies above f; is

A
A= 20
14-(Q:F")?
__ AQF ,
and B = W = — AQ .

As an example, let us calculate the additional filter loss at the edge
o
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of the vision pass-band, 8:75 Mec/s, for @s = 120, f; = 8-25 Me/s,

, 42X 05 s i, 20

F= T = 01212, QF = 1488, A = o = 0004,

, — 1545 x 175

B = AQF = — 137, QF = — 00X 2T 12,
Loss

o 1010g, [0 50009413 X 122 [ 24~ 0-094 X 12— 1-37]"

6064
16
——10 = _42d
logu 5064 b.

This procedure can be repeated for other frequencies and other
values of @;. The additional attenuation at selected frequencies
for two values of @;, 120 and 200 is tabulated below for the pair
of overcoupled circuits (Qk = 1-5) as well as the critically coupled
circuits. A4, is constant at 20, so that the additional attenuation
at the rejection frequency 8-25 Mec/s is practically constant ab
— 22 db. A positive sign before the attenuation value indicates
a gain and a negative a loss.

TABLE 16.6

Coupled Overall Response
J (Mo/s). | Additional Attenuation (db.) due to Filter. | Circuits Coupled Circuits

only. plus Filter.
105 — 0:08{ — 006 — 002| negligible 0 — 0-06 0
9-25 — 146| — 012/ — 074| — 04 + 052+ 040 + 0-48
875 | — 42 | — 193 — 252 — 0-8 +07 | - 123} — 01
8:25 — 22 - 21-76| ~ 22 — 2176 | + 04 | — 21-36] — 21-36
Qk 1 1-5 1 1-5 15 1-5 16
Qs 120 120 200 200 120 200

The need for the highest possible value for @; is plainly shown by
the table, but an almost more important feature is the reduced
attenuation at the edge of the vision pass-band brought about by
using overcoupled circuits. The response of the overcoupled circuits
of @k = 1-5 is set out in the sixth column, and in the seventh and
eighth the overall frequency response of overcoupled circuits and
filter is shown. An almost flat response is obtained for Q; = 200,
but the more likely practical value of @; is 120, and this produces
a maximum variation of 1-63 db. over the range from 10-5 to
875 Mec/s. A slight reduction and better distribution of the
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frequency response variation can be obtained by combining the
frequency response of the absorber and coupled circuits with that
of another pair of coupled circuits of @k == 1-5; the combined
response (s = 120) then varies from +0-92 db. at 9-25 to — 0-53 db.
at 875 Mc/s. If a more level frequency response is desired over
the pass-band the attenuation at the rejection frequency must be
reduced ; for example, if A4, is reduced to 10, the following results
are obtained with the overcoupled circuits :

TABLE 16.7
Qk =15, QF = — 112 at Af = — 1756 Me/s, fp, = 10-5 Me/s, A4 = 10,
Qs = 120
J (Mo/s). Attenuation (db.). Coupled Circuits plus Filter.

1056 0 0

9-25 — 015 + 0-37

8:75 — 0-68 + 0-02

8-25 —16-3 — 159

The advantage of using more filters (three would be required instead
of two for an overall attenuation of not less than — 40 db.), to
obtain a given attenuation is clearly shown.

Since the overcoupled circuits of @k = 1-5 produce a better
pass-band frequency response than the critically coupled circuits,
it is necessary to see if greater couplings might with advantage be
employed. Thus the frequency response for a coupling of Q% = 2
has a peak of +1-95 db. at QF =41-732 compared with the
trough value at QF = 0, and letting this value of QF correspond
to Af = — 1-75 (f = 8:75 Mc/s), the following results are obtained
for A, = 20.

TABLE 16.8
Qk = 2, QF = — 1732 at Af = — 1.75 Me/s, f,, = 10-5 Mc/s, Ay = 20
st | Avtomuation @b, | SouEISS | Ovel Reoponse Goupled
10-5 Very small | Very small 0 0 0
9:25 + 024 + 025 + 14 + 1-64 + 1-65
8:75 - 19 - 075 + 1-95 — 005 + 1-20
8:25 — 21-5 — 215 + 1 — 20-5 — 20-5

Qs 120 200 120 200
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Comparing the above with Table 16.6, when @; = 120, there is
little to choose between the two values of coupling as far as overall
frequency response variation is concerned, but the smaller value
(Q% = 1-5) is preferable because it is possible in combination with
another pair of coupled circuits to achieve a better frequency
response distribution relative to 10-5 Me/s. Overall frequency
response for @, = 200 is less satisfactory when @k = 2.

A point which has to be considered is the frequency response
variation for the half pass-band above 10-5 Mc/s. If filters are
included to suppress the adjacent audio signal of 14-25 Mc/s, they
can be made to correct the effect of the 8:25 Mec/s filter on the
frequency response of the upper half pass-band. Alternatively, if
no upper frequency filters are required, the mid-frequency of the
pairs of coupled circuits not associated with the 8-25 Mc/s filters
can be reduced in order to correct for the rise in response from
the overcoupled circuits to which the filters are connected. If
a 14-25 Mec/s absorber filter is required, expression 16.8 can be
used for calculating its attenuation, because B and QF have the
same sign—it is positive instead of negative—over the range 14-25
to 10-5 Mc/s, and the numerator is unaffected when the signs of
both are changed. The attenuation at selected frequencies for
@k = 1:5, @5 = 120 and 200, 4, = 70 is tabulated below :

TaBLE 16.9
Qk =15, QF =+ 112 at Af = + 1-75 Me/s, f,, = 10-56 Me/s, Ay = 70
J (Mo/s). Attenuation (db.). Cirggi‘glggly. Coupled Circuits plus Filter.
10-5 — 0-51 - 02 0 — 051 - 02
11-75 — 125 — 0-34 + 0-52 — 073 + 0-18
12:25 — 33 — 15 + 0-7 — 26 - 08
12-75 — 625 — 37 + 04 — 585 - 33
14-25 — 30-7 — 30-7 — 44 — 351 — 351
Qs 120 200 120 200

The combined frequency response of coupled circuit and filter
causes a too rapid fall in frequency response when Q; = 120—the
overall response at the vision carrier frequency, 12-75 Mc/s, must
not be more than 6 db. below the average response—and satisfactory
performance could only be obtained at @; = 200 if two filters are
used. If more filters are possible, e.g., three, the value of 4, can
be reduced to 30, which gives a maximum attenuation of — 18:0 db.
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and a satisfactory frequency response for @, = 120, as shown in
Table 16.10.

TaBLE 16.10
Qk =15, QF = + 112 at Af = + 1.75 Me/s, f, = 10-5 Mc/s, Ay = 30,
s = 120
f (Me/s). Attenuation (db.). Coupled Circuits plus Filter.
10-5 — 01 — 01
11-75 — 018 + 0-34
12-25 — 0-88 — 018
12-75 - 2.52 - 212
14-25 — 23-56 — 27-96

If we assume that three of the four pairs of coupled circuits in
the 1.r. amplifier have absorber filters with attenuation character-
istics as set out in Tables 16.7 and 16.10, the overall frequency
response of the three circuits is that given in the second column
of Table 16.11. If the fourth pair of coupled circuits has a coup-
ling corresponding to @k = 1-355, f,, = 10-75 Mc/s, QF = 0-91 at
Af == 2 Me/s, it has the attenuation characteristic shown in the
third column. Overall 1.F. frequency response of the four pairs is
shown in the fourth column.

TaBLE 16.11
J (Mo/s). Attenuation (db.). SA;:Z;‘;%;;?:“&{ Atig X?xl;;lilon.
8:25 — 47.7 + 0-26 — 47-44
8-75 + 0:06 + 04 + 0-46
9-25 + 111 + 0-3 + 141
10-5 — 03 + 0-05 + 025
11-75 + 1-02 + 0-14 + 116
12.25 — 054 + 0-3 — 0-24
1275 — 6-36 + 04 — 596
14-25 — 83-88 — 1-06 — 84-93

The overall 1.F. amplifier frequency response has a variation of
about +1 db. over the pass range, with a response at the vision
carrier frequency of almost exactly that required, viz., — 6 db.
Attenuation is more than that specified at 825 Mec/s, and at
14-25 Mc/s.

To show the method of calculating the component values for
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the absorber filters we shall assume that the primaries and secondaries
of the three pairs of coupled circuits are identical, i.e., in Figs. 16.5
and 16.6, C,; = Oy, = Oy = Oy = O3 = Cy; = 15 puF, the induc-
tances L,, L, etc., are equal to 15-3 uH, Qk = 1-5, QF = 4-1-12 at
Af = 4+1-75 Me/s, f,, = 10-5 Mc/s, @ = 3-36.

(@) 825 Mc/s Filter.
Let Cyo = 15 puF, Q5 = 120.
10—¢

Ls = = 24-8 yH.
57 (628 % 8:25)2 x 15 #
1 108
R/ = = =107 Q.
® T Qww:Cre 120 X 628 X 825 x 15
[
*R,/= L 10 = 300 Q.
Qw,C, 336 x 628 x 105 x 15
2M 2
A, =10 = P24
o R R,
10-%v10 x 10-7 x 300
M, = = 3-46 pH.
‘ 6-28 x 825 #
M 3-46
ko ! = 0-177.

- VL., T Vis3 X 24-8
(b) 14-25 Mc/s.
If Oy = 15 puF, Ls = 835 pH, Q; = 120, R,/ = 62 Q

Ao = 30
10430 X 6-2 x 300
Moo= 628 x 1425~ oS uH.
k4 == —t‘:zriﬁts;'—;‘ = 0'233.
V153 x 835

As described in Section 16.6.4, phase distortion can be derived
from the phase angle,

$ = tan—1 | — 2QF +AQF +B .
1+Q*(k?* — F?)+A4 — BQF
The second type of filter is the parallel resonant circuit-capaci-
tance potential divider formed by L,C,; and C,, in Fig. 16.6.
Actually C,, is not the total tuning capacitance of the LC,, circuit,

* Note that R, is the equivalent series resistance of the L,C,R; circuit
in Fig. 16.5, and the value of @ used is that calculated in Section 16.6.4 for
the overcoupled circuits of Qk = 1-5.
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but is the wiring and valve input capacitance and so will have
a value of about 10 uuF. For rejection at 14-25 Me/s, the resonant
impedance Ry, of L,C,; at this frequency must be approximately
10 times the reactance C,,, or

1 108

o1 @012 6-28 x 14-25 x 10

= 11,150 Q.

Rpr
14j@.F
and it can be resolved into a resistance and reactive component of

R —R F .
Ry = ﬁ(é)f—ﬁ and Xy = = Bpr@-F where Q, is the @ of the
circuit, F = ;if and Af = frequency off-tune from the resonant
7
frequency, f; (in this case 14:25 Mc/s). The attenuation due to
1
Oy,

this type of filter is 20 log,, L \2 and when
J Rsz+<Xs - )
wom

for all frequencies

The impedance of the L,C,, circuit at any frequency is

1
wChiy — 1
except those close to series resonance of L,C,, with C;,. Table 16.12

gives the attenuation at the selected frequencies for @, = 120
and 200.

@, is large it reduces to 20 logy,
Xy

TABLE 16.12
Rpy = 11,150 Q. f, = 14-25 Mc/s.

£ (Mo/). s Xs db. Xs. db.
10:5 1,512 + 1765 + 1-08 + 106 + 064
11-75 1,352 + 265 + 19 + 159 + 1.08
12-25 1,208 + 331 + 254 + 199 4+ 144
1275 1,245 + 442 4+ 38 + 265 + 21
14-25 1,115 0 — 20-04 0 — 2004
Q, 120 120 200 200

The chief point of interest is that over the pass range there is a gain
instead of loss ; this is due to the fact that the L,(,, circuit appears
as an inductive reactance at frequencies below resonance, and
eventually it forms with C,, a series resonant circuit. This series
resonance occurs at about @.F = — 9-5, and there is a peak in the
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filter response at this frequency, 13-68 Mc/s for @, = 120. Between
13-7 and 14-25 Mec/s the response falls away sharply to a maximum
loss of — 20-04 db. The rise in response over the pass-band can
be used to compensate for any fall in response due to the coupled
circuits. The filter circuit is a part of the tuning of the secondary
and it reduces the capacitive reactance of C,, over the pass-band
range. This means that the factor (1-{-j@.F) in the denominator
of the transfer impedance expression is increased to (1-+4j(Q.F +x))
and Zj is therefore reduced, an effect which tends to offset the
increase in frequency response due to the filter itself. Again, it can
be observed that the filter has least influence on the pass range
when @, is large. If this type of filter is used for rejecting 8:25 Mec/s,
X is negative, the range 10-5 to 8-75 shows a fall in response, and
there is no series resonance peak. The results for By, = 19,250 £,
f. = 825 Me/s, @, = 120 are:

TaBLE 16.13
f (Me/s). 1 Xg db.
wCia
10-5 1,512 — 205 — 1-54
9-25 1,715 — 663 — 284
875 1,815 — 1,325 — 456
8-25 1,925 0 — 2004

In this case the filter reduces the factor (1 +j@,F) in the denominator
of Zp to (1+5(@.F — x)) and thus tends to offset the fall in response
due to the filter.

The values of L, and C,, are calculated from R, and @, ; thus
for 14-25 Mec/s

y - 11,150 x 10~

L, = = — 1035 uH
" 00, 628 x 1425 x 120 #
Cy = 120 yuF
and for 8-25 Mec/s
19,250 x 108
L, = ) = 3-00
"7 628 x 825 x 120 #H
Ci1 = 120 uuF.

The series resonant circuit filter, exemplified by L,,C,; in
Fig. 16.6, acts as a shunt in parallel with the primary impedance,
and the attenuation it produces may be calculated from the ratio
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of its impedance to the sum of its impedance and the primary
impedance. The latter, from expression 7.7d, Part I, is
7z Bp:(1+jQF)
» = 14 Q¥k* = F)+2QF
and taking the previous component values for the @k = 1-5 coupled
circuits, the primary impedance at 8-25 Mc/s is
_3,400(1 — 1-445)(1-17+2-88j)

7z =
» (1-17)%+ (2-88)2
_ 3,400
= S5 (5:32+1:193))
= 1,870-420j.
For @,3=120, Cy3 = 7-5 uuF, L,; = 49-5 uH, the additional attenua-
tion at 8-256 Me/s is 20 log,, 214 = — 39-12 db.
V/(1,891-4)2(420)2
for By, = ng” = 21-4 2. At other frequencies the impedance of
13
the series circuit is R’;5(14-jQF’) where F' = iAf, so that at
13

10-5 Me/s it is 21-4(14-65-55) == 1,400j. Hence there is a loss of
20 log, 1,490 = — 84 db. at the centre of the pass

V/(3,400)2+ (1,400)?

range. It is only possible to reduce this loss by increasing L,
because the impedance at 10-5 Mc/s is approximately equal to
JR 14Q1sF' = jwss Ly F'.  Such alarge value of loss could hardly be
tolerated and the series parallel filter L,¢Cy, and Oy, in Fig. 16.6 is
preferable. The parallel section is resonant at 10-5 Mc/s and has
therefore an inductive reactance at 8:25 Mc/s. Series resonance is
obtained by this inductive reactance in combination with C,.
Let us assume that the resonant impedance R, of L,,C; at
10-5 Mc/s i 170,000 £2—+this involves a loss of — 0:16 db.—and
that @, is 120 ; we therefore find that

170,000 x 10-8

= ’ = 2156 uH
Lie = 130 x 628 x 105 #
and Csy = 10-7 uuF.
The reactance of this circuit at 8:25 Mc/s (Q,sF' = — 51-4) is
g RDIGQIGFI .
_jopievieT 443310 Q.
ITr Qe ~
and the capacitance value for Cy, is
6
Cy = 10 — = 5-84 uuF.

6-28 x 825 x 3,310
o*
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The series impedance of the filber at 8-25 Mc/s is the resistance
component of the impedance of L,¢CS,,, i.e.,

Rpig 170,000
1+(Q:eF")? 2,640
which causes an attenuation of
64-5 64-5
|Z, 4 64°5] 20 loguo V(1,934°5)% 1 (420)® 2072 db.
This type of filter is less satisfactory for suppressing frequencies
above the vision pass-band because the reactance of IL,s(;, is
capacitive and series resonance can only be obtained at a higher
frequency by replacing C,, by an inductance, the performance of
which is considerably modified by its inherent self capacitance.
It is worth noting that the effect of the series or series-parallel
filter circuit is the same whether it is connected across primary or
secondary provided the latter are identical.
The rejection circuit formed by a resonant coupling between the
primary and secondary is illustrated by M, in combination with
C,e in Fig. 16.6. The performance of the resonant coupling can

1
(‘M'i o wzC")

be calculated by replacing % in Z, by VoI and C,, is
14-415

20 log,,

chosen to satisfy the expression

1
20V M Cs
Appreciable values of attenuation can be obtained by this method
because M ; has no resistance component and the resistance of the
resonant coupling is determined only by the losses in C,4. On the
other hand, the frequency response at the edges of the pass-band
may be considerably affected.

Cathode feedback (Section 7.9, Part I) may also be used for
suppression purposes, but to be fully effective the valve to which
it is applied must not have grid-bias control.

16.7. The Detector Stage. The vision frequency detector
stage is a modified form of the audio frequency detector, the modi-
fications being rendered necessary by the much larger range of
modulation frequencies (2 to 4 Mc/s as compared with 18 ke/s for
audio signals). Both reservoir capacitance and load resistance must
be small, otherwise the higher modulation frequencies are severely
attenuated. Consequently detection efficiency is low ; it is of the
order of 50%, for a single diode half-wave detector, provided that

f = 1425 or 825 =
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the diode is designed to have a low anode-cathode capacitance and
a low conduction resistance. The anode-cathode capacitance in
conjunction with the low value of reservoir capacitance acts as
a potential divider to reduce the effective r.F. voltage applied to
the diode. A small value of anode-cathode capacitance calls for
a large anode-cathode spacing, but this increases the diode conduc-
tion resistance, so that a compromise is necessary. Typical values
for the anode-cathode capacitance and conduction resistance of
a television diode detector are 1:5 to 2 yuF and 1,000 2 respectively.
Both ®r.r. and superheterodyne receivers need special filters
between the diode output and the vision frequency amplifier,
though the need for filtering is less urgent in the R.F. than in the
superheterodyne receiver, because feedback of 1.¥. harmonics into
the signal circuits, which leads to serious interference with the
picture, does not arise. Feedback of R.F. carrier is undesirable, but
can only cause regeneration or degeneration, apart from harmonic
distortion when large peak signals are applied to the v.F. amplifier.
Regeneration can, of course, become serious if the receiver is brought
near the point of oscillation (it may cause appreciable attenuation
distortion), but such a situation rarely arises if normal precautions
are taken.

Of the three types of diode detector circuit, the half-wave, the
full-wave and voltage doubler, the former is the most popular on
account of simplicity and, compared with the full-wave detector,
less loss of amplification from input to output. The chief merit of
the full-wave detector is that the vision carrier fundamental is
cancelled, and only its harmonics have to be filtered from the output
of the v.F. amplifier. The input voltage applied to each diode of
the full-wave detector is halved by the centre tap, but detection
efficiency (,) is higher at about 709,. Thus the overall output-to-
input voltage ratio is about 0-35 compared with 0-5 for the half-wave
detector. Another disadvantage of the full-wave detector is that
the centre-tapped output coil must be electrically balanced to earth,
otherwise cancellation of the carrier fundamental is not realized.
The voltage doubling type of detector is more useful when it is
desired to operate the c.r. tube direct from the detector. For ex-
amples of this see Fig. 11.4¢, and the alternative form provided by
V,and V, in Fig. 11.12; the latter type is better than the former
because there is less R.F. ripple across the reservoir capacitance C,.
Conduction current damping is twice that of the half-wave detector
so that the equivalent damping resistance is approximately one-half
the load resistance (see below).
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An example of the half-wave detector is shown in Fig. 16.7.
Damping of the tuned circuit feeding the detector is very much
greater than in the case of the A.¥. detector because of the low load
resistance, 5,000 2, but this is not a serious disadvantage as the
tuned circuit must be heavily damped to secure the wide pass-band.
Since the detection efficiency is 509, the conduction current damping
resistance may be taken as equal to the load resistance (Section 8.2.5,
Part I), and any additional damping resistance must be caleulated
with this in mind. The direction of the diode connections depends
on the type of modulation and the number of v.F. amplifier stages.
The circuit of Fig. 16.7 is suitable for detecting the English system
of positive modulation with direct connection from detector to c.r.
tube, or with an even number of v.F. stages between detector and
c.R. tube. The same circuit can be used for the American system
of negative modulation if an odd number of v.F. stages is employed ;

Synchronising
————> and/or
.G.C. S
b‘:L I z A.G.C. Stages
1]
-;'.- . V.F Output
L.F. Tuned “T1 Yol T 0
Cireuit . {2€ T 7€y

—

F1a. 16.7.-—The Vision Signal Detector of a Television Receiver.

the anode-cathode connections of the diode must be reversed if
direct connection or an even number of v.¥. stages is desired between
detector and c.r. tube. A two-stage low-pass filter is shown between
the detector and its v.¥. output, and the values of L and C may be
calculated from the normal filter formul® for constant % structures.
Thus

R 1

L=""and O =

o, " O =,
where f, = the cut-off frequency
and R, = the characteristic and terminating resistance of the filter.
Generally the value of the reservoir capacitance, which is the
capacitance $C of the shunt arm of the n section filter, shown in
Fig. 16.7, is fixed by stray capacitance at not less than 10 yuF, and
this in turn limits the maximum value of R, and f,. From the
point of view of detection efficiency R, should be as large as possible ;
small attenuation distortion over the pass-range calls for a high
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value of f,, though it must not be so high as to cause insufficient
filtering of the 1.r. A suitable compromise for 2 Mc/s pass-band is
R, = 5,000 2 and f, = 3-18 Mc/s, i.e., approximately one and a half
times the maximum vision frequency of 2 Me/s, with C = 20 puF
and L = 500 uH. For the higher definition 4 Mc/s pass-band,
R, must be reduced to 3,000 £, thereby increasing f, to 5-3 Mc/s
with ¢ = 20 pu¥ and L = 180 uH.

Attenuation and phase distortion for a low-pass filter have been
examined in considerable detail elsewhere,?" 32 and it is not proposed
to do more than state the formulae involved and the probable
performance of a suitable filter. The attenuation in decibels of
a correctly terminated single section constant k& low-pass filter

(8]
1
J1+ +,/
o« = — 20 log,,
J1+ J - .. 169
2
=—2010g10 (J +4Z +\/4Z)

and the phase angle
. Z, JZ 2
J part of (\/H—ZZZ—*— ZZ—,)

=t -1 16.1
b an real part of above 6.10
where Z, = impedance of a full series arm = wL
and Z, = impedance of a full shunt arm = %
Thus if L contains no resistive component
Z, joL _  o:LC _ (f>2
iz, ,1 ¢ \f
43'55
1
for f. = ————. On the other hand, if I, has a resistive com-
% nvV.LC

ponent R,

5 o) ()

()JQ2+1 /tan (—%) R UX 1
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To illustrate the use of the formulae 16.9 and 16.10, we shall take
two cases :

Z,

1) ZZ—I/ISOO —1, and (2) —1 2/150° —1-04+0-65.

(1) ;Zi =1 /180°. This corresponds to cut-off frequency and
2

zero resistance in the I, and C arms.

<J1+%+J%)Z=(m)2=—1=1/tan—1(—1)=1/180°.

Therefore o = 20 log,, 1 = 0 db.
f = tan™1( — 1) = 180°.

(2) 4—Z1 = 1.2 /150° = — 1:044-0-6j. This corresponds to a
. 297
frequency greater than cut-off with @ = w_}? = — cot ¢ = 1-732

(J1+TZ2+ 47) = (V— 004406/ +V — 1-044-0-6j)2

= — 1:08+41-2j+2v — 0-3184 — 0-648j *

= — 1-084-1-2j — 0-898--1-444j

= 3-31 /125° 48’
ie., o = — 10-4 db., f = 125° 48"

Phase and attenuation distortion is affected by the @ of the coil

L of the series arm, and @ is not easy to assess because it varies
from a low value at the low-frequency end of the pass-band to a
comparatively high value at the high-frequency end, e.g., 2 to 3 at
1 ke/s to 100 at 4 Mc/s. However, provided the maximum vision
frequency does not exceed about 0-75f, attenuation distortion is
usually negligible for normal @ values. Suppose @ at 4 Mc/s = 100,
and f, = 5-3 Me/s then

7~ () Ja+ o ]

= ( ) V14(0-01)2 /tan™1 — 0-01
= 0-57 /179° 25'.

* Note v/ — 0-3184 — 0-648j — V/ V/(0-3184)%+ (_()-648)5/% t‘m_l%
= 0-85 /121° 56’

= —0-449 + 0-722
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1
4z,
a loss of — 0-2 db. at 4 Mc/s, which is negligible.

At the vision 1.F. carrier 12-75 Mc/s if @ is unchanged,
Z 1 f 2 [} ! o ’
iz = (f_c) /179° 25' = 5-8 /179° 25
. Z .
and the loss for this value of j is found to be — 26-6 db.
2
For the two-section filter of Fig. 16.7, the loss at the vision L.F.
carrier is twice this. There can be large variations in phase angle

The above value of when replaced in expression 16.9, gives

of ZZZI— with practically no effect on the attenuation in the cut-off
2

region.

Greatest variation of frequency response over the pass-band is
caused by reflection losses due to the mismatch between the filter
input image impedance and the equivalent a.c. impedance of the
diode, consisting of its slope resistance and anode-cathode inter-
electrode capacitance in parallel. The diode slope resistance R;’ is
generally about 1,500 2, and the anode-cathode capacitance of
2 puF has only a very small effect because its reactance (19,950 Q at
4 Mo/s) is very small compared with 1,500 2. The input image
impedance Z’ of the 7 section filter varies over the pass-band in

accordance with the formula
R,

BN e

and the reflection loss due to mismatch is

1+Z
loss = — 20 log;, ——-%_db. . . 16.13

2 JT

Ry

and it is tabulated on page 416 for R; = 1,500 2, R, = 3,000 Q,
and f, = 53 Mec/s.

Reflection mismatch loss increases as the v.¥. frequency increases
because the input impedance of the n section increases. A T-
section filter would have advantages in this respect because its
input impedance falls over the pass-band from 3,000 2 to zero at
f =/f.. This will cause the loss to decrease with increase of fre-
quency until Z’ falls below R,;’, and the v.¥. response will thus tend
to increase. The T-section filter cannot, however, be used because

’
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TABLE 16.14
7f o | o1 | 02| 03| 04 | 05 | 06 | 07 | 08 | 09
fMe/s) .| O | 053 | 106 | 159 | 212 | 265 | 318 | 371 | 4.24 | 4-77

Z’ (ohms) .| 3,000| 3,020 | 3,060 | 3,145 | 3,275 | 3,465 | 3,750 | 4,200 | 5,000 | 6,880
Loss (db.).} —0:5|—0-51|—0-52|—0-58 |—~0-64 |—0-74|—0-86 | —1-08 | —1-48 |—2-32
Loss (db.)

referred

tof=0 0 |—001/—002—0-08/—0-14|—0-24 |—0-36 |—0-58 |—0-98 | —1-82

the stray capacitance 3C across the output of the diode and input
of the filter cannot be eliminated. There is no phase shift due to
the mismatch if the reactive component of the diode a.c. impedance
is negligible, i.e., if the diode anode-cathode capacitive reactance
is large compared with R, .

Phase distortion in the filter itself can be estimated by noting
the departure of the phase angle (expression 16.10) from a linear
relationship to frequency. It will be found to be greatest when
there is no resistive component in the shunt and series arms of the
filter, so that we shall gain an idea of the likely phase distortion

by studying this condition, for Whlch Z ( f) /180° == (ff‘) 2,
C. 4
f

(J +4Z+J4z)=(~/ (V-7
) (%YHJ%)

-G
=1—2(L) +% 16.14.
<fc e

From which the phase angle

B = tan—1 fc ( ) . . 16.15.
t=2(7)

The phase angle and phase-angle error are given in Table 16.15 over
the pass range of the filter for f. = 53 Mc/s. The correct phase

angle is given by g = tan“1 — radians = 57° 18’ tan ! I degrees.

fe Jo
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TaBLE 16.15

A

1 01 0-2 0-3 0-4 0-5
f(Me/fs). . .| 053 1-06 1-59 2:12 2:65
Phase Angle . 11° 267 23° 2’ 34° 53’ 47° 9’ 60°
Error . . . 1’ + 0° 8 + 0°34" | + 1°19" | + 2°4%2/

;—,f; 06 0-7 08 09 1-0
f(Me/s). . . 318 371 4-24 477 53
Phase Angle . 73° 46’ 88° 51’ | 106° 14’ 128° 19/ 180°
Error . . . |4 51V + 8°38") 4+ 14°39"| 4 25°17/| + 65°24°

The phase angle and phase-angle error is positive, so that there

is a time delay amounting to approximately
3—6012>< 1= 0-00833 p secs. at 4 Mc/s.
This is very small compared with that caused by the 1.F. amplifier.

In the example taken for high definition transmission, viz.,
maximum vision frequency 4 Mec/s, R, = 3,000 2, f, = 5:3 Me/s,
and a two-section filter, frequency response shows a loss of about
2 X (— 0-8 (mismatch) — 0-2 (filter, loss due to @ of coil)), i.e.,
— 2.0 db. from low to high frequencies and time delay amounts to
0-01666 u secs. at the highest vision frequency.

The double value of shunt capacitance (20 uuF) required at the
junction of the two sections of the filter makes this a suitable point
for connecting other circuits, such as the synchronizing and a.¢.o.
stage, which use the detector output as their source of voltage.
Care must be exercised to keep the stray and self-capacitances of
the filter inductances L to a minimum, because the parallel resonant
circuit so formed, though increasing discrimination against a narrow
band of frequencies, offers less attenuation to frequencies higher
than this band. Alternatively the resonant frequency may be
controlled and used to increase the effectiveness of the filter at the
vision 1.F. carrier fundamental (or second harmonic in the case of
full-wave detection).

A.¢.c. bias control, which may be derived from the detector
output, is quite often employed in American receivers, but has not
proved necessary with the single English transmission. The chief
advantage of automatic gain control in television reception is for
smoothing out variations in signal strength due to a swinging aerial
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or lead-in (this is prevented by firm fixing), or to reflections from
nearby moving objects, e.g., aeroplane flutter effect. It is also
useful for stabilizing output when tuning from one transmission to
another. The source of A.a.c. voltage must be the synchronizing
pulse section of the carrier and not the vision signal section hecause
the vision voltage varies between wide limits and depends on the
average black or white content of the image. For the American
system of negative modulation with synchronizing pulses applied
at maximum carrier amplitude, A.¢.c. voltage may be obtained by
connecting a diode and its load resistance across the central capaci-
tance C of the filter as shown in Fig. 16.8. The time constant of the
load resistance R, and reservoir capacitance C, is sufficiently large
to ensure that the A.¢.0. diode acts as a peak voltage detector of the
positive synchronizing pulses. The ».c. output voltage is positive

'

]

i

|

1
-de
b3+

L.F Tuned,
Circurt !

Fig. 16.8.—A Method of obtaining a.g.c. for the American Negative
Modulation Transmission System.

[For H.T. read H.T. —]

and a phase-reversing valve must be used to change it to a negative
voltage. The phase-reversing valve, which also acts as an amplifier,
is connected between the earth line of the r.¥. receiver and a source
of negative voltage as shown in Fig. 16.8. If two stages of v.F.
amplification are used the vision detector connections must be
reversed for the American negative modulation, i.e., the cathode is
connected to the R.F. voltage source and the anode to the vision
detector filter. The synchronizing pulses are now negative and the
A.G.0. diode connections must also be reversed. The p.c. voltage
appearing across R, has the correct polarity for applying direct to
the B.F. valves. Much the same principle may be applied to obtain
A.c.c. from the English positive modulation system.

It should be noted that the initial curvature of the vision detector
characteristic reduces the synchronizing pulse of the English trans-
mission and the white signal of the American. Vestigial and single
sideband reception inevitably produce some harmonic distortion of
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the vision frequency signal, but as explained previously, this type
of distortion is much less important in television than in audio
frequency reception.

Anode bend detection may be used in order to gain some ampli-
fication of the detected output voltage. Its chief disadvantage is
its non-linear detection characteristic and restricted input signal
handling capacity, though both effects can be mitigated by the use
of negative feedback. Cathode self-bias cannot be employed
because the average carrier level varies with the image brightness.
A special compensating anode circuit is included to provide the
required vision frequency response, and it is similar to those
described in the next section.

16.8. Vision Frequency Amplification.* 18

16.8.1. Introduction. Cathode ray tubes reproducing tele-
vision images require a peak-to-peak signal voltage of about 25 volts
for reproducing the full range of brightness from black to white.
It is not normally possible to obtain this voltage direct from
a detector stage without overloading the last R.F. or LF. stage of
the receiver, since the synchronizing pulses increase the required
detected output voltage amplitude by another 439, (309, carrier
represents black) to 35-75 volts peak-to-peak. Hence, allowing for
a detection efficiency of 50%,, the r.F. or LF. voltage needs to be
71-5 volts. At least one stage of vision frequency amplification is
needed between the detector and c.r. tube. The wide range of
frequencies, from D.c. to 4 Mc/s, which are present in the vision
frequency output from the detector, creates difficulties in the design
of the v.r. amplifier. The b.c. component is essential for correct
reproduction of the image as it provides the datum of average
brightness, e.g., the average light content of the picture is reduced
in passing from an outdoor to indoor scene, and this change can
only be appreciated if the p.0. component is present at the grid of
the ¢.R. tube reproducer. It would be possible to use a D.c. amplifier
v.F. stage, but this generally leads to a more complicated power
supply system, particularly if more than one stage of v.r. amplifica-
tion is employed. Fortunately p.c. amplification is not essential
because a diode connected across the output of the v.r. stage can
be used to restore the p.c. component lost in the amplifier. Failure
to restore this component also tends to make the flyback trace of
the frame deflection visible across the image.

Increase of the reactances of the coupling and self-bias capaci-
tances in the v.F. amplifier cause loss of low-frequency response and
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phase distortion, which results in a brightness variation in a vertical
direction when a white or black square is being transmitted. High-
frequency attenuation due to stray and valve capacitances leads to
a loss of horizontal detail. Phase distortion is not often a serious
problem at the high-frequency end of the range and is usually
negligible in comparison with that introduced in the r.F. and L.F.
stages, because the number of reactances and therefore the total
phase shift is small. Although minimum attenuation and phase
distortion are not necessarily achieved at the same time, a flat
high-frequency response generally results in small-phase distortion.
At low frequencies phase distortion is more serious because a phase-
angle error of 1° represents atime error of 55-5 u secs. (16:78 cms.
error on the c.r. tube screen) at 50 c.p.s., and it is preferable to aim
at minimum phase rather than minimum attenuation distortion.
A point always to be remembered when more than one v.F. stage
is involved is that each stage should be compensated to give satis-
factory phase and attenuation distortion independently of any
other. It is most unwise to try and correct in one stage the
deficiencies of several others.

There is another form of distortion to which v.r. amplifiers are
susceptible, and that is transient distortion. It is caused by
a transient pulse setting up damped oscillations in the LC circuit
formed by the inductance used for compensating high-frequency
loss, and the stray capacitance with which it is associated. It is
a function of high-frequency response, and is liable to be produced
when there is a peak exceeding 1 db. in the response curve. It
causes a rippled effect on the picture immediately following a sharp
transition from black to white, or vice versa. For this reason the
ratio OLZ
should not exceed about 0-5. Since frequency response variations

of the components used in a single stage v.F. amplifier

are additive it may be necessary to reduce the value of OR: if more

stages than one are used.

Tetrode or pentode valves (often of the power output type with
normal operating anode current of 30 mA) are universally employed
in the v.F. stages of a television receiver, partly because they give
much greater amplification than triodes, but also because they have
a low anode-grid interelectrode capacitance and therefore reflect
a much smaller value of capacitance into their grid circuits.
Harmonic distortion is relatively unimportant so that there is no
advantage in using triodes.
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We shall now consider the v.F. amplifier under three headings,
viz., its performance at high frequencies, its performance at low
frequencies, and the method of restoring the D.c. component to its
output. It is convenient to start at the high-frequency end of the
v.F. range because this determines overall performance by limiting
the maximum value of resistance in the anode circuit, which in
turn fixes maximum amplification.

16.8.2. High-Frequency Performance. Loss of high-fre-
quency response in a v.F. amplifier is caused by wiring, valve input
and output, and c.Rr. tube input capacitances, the values of which

—oH. T+

T ToC.R
! Tube

-dw
32 G

i
i
A—o H.T~

Fia. 16.9a.—A Typical v.r. Amplifier Circuit.
are about 5, 10, 10, and 15 uuF respectively, making a total stray
capacitance of 30 uuF across the anode circuit of the last v.r.

amplifier valve. At high frequencies the reactance of this capaci-
tance falls to a low value, e.g., at 3-5 Mec/s it is 1,515 £2, and this

& 1
g a Lo

Fi1a. 16.95.—The Equivalent Circuit for Fig. 16.9a.

Cs=CitCz

.-__..-“,_.....-_

limits the maximum value of the anode load resistance R, to not
more than 1,500 Q if — 3 db. loss is tolerable at this frequency.
The circuit for this condition is that of Fig. 16.9a with L, =0;
its equivalent, assuming L, = 0 and R, to be much greater than
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R,, is that of Fig. 16.9b. The amplification of the stage at any
frequency, f, is therefore

R
A=_In% | 16l6a
1+jwC R,
where C, = total stray capacitance of the anode circuit.
=0, O,
1
Let Jo= RO, then
4= _-%R} . 16.16b.
1452
0

The amplification at any frequency compared with the maximum
amplification 4,,,, at the lower middle frequencies is

4 1
Zpie 1140
0
and the attenuation at any frequency is
20 log,, |4 ] — 10 log,, (1 +< f)2>
Amaz- f [)
It is plotted in Fig. 16.10a as the curve marked —O——R——z = 0.
0
The phase shift at any frequency is ’
¢ = —tan"! wC,R, = — ta,n—ljjTr . . 16.17
0
and the departure from the linear phase relationship is given by
A¢ = — tan~ 1f ( 57° 18’ f) . . 16,18
i 2 2
and it is plotted in Fig. 16.10b as the curve for Lo _ = 0. This

C.R,?
curve is actually identical with the dashed curve for the single-tuned
circuit shown in Fig. 16.4. The attenuation curve is also the same.

It may be noted that when f is small, ¢ = — tan~ 1ff ~f oc f,

0
so that if this relationship were continued for all frequencies ¢ would

equal %f radians or — 57° 18’ % The required phase angle is greater
0 0

than the actual phase angle for all frequencies, so that A¢ is positive,

i.e., there is insufficient time delay of each frequency vector to

maintain the linear relationship. If we take the highest vision
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frequency as 3-5 Mc/s, and permit a loss of — 1 db. at this frequency,
we have f, = 7-0 Mc/s <see Fig. 16.10a, JJ; == 0-5 for — 1 db. loss>,
0

o that R cannot exceed 757 . If the g,, of the valve is 10 mA /volt,
overall gain is 7-57, which is low. Phase-angle error at f = 1f,

is from Fig. 16.10b (Cl;g = 0)+2° 8', corresponding to a time
0

advance of 0-00166 y secs., which is negligible. The most serious
disadvantage of the uncompensated circuit is therefore its low
maximum amplification. It is possible to increase maximum
amplification, without increasing attenuation or phase distortion,
by neutralizing the stray capacitive reactance with an inductance
L, in series with R, as shown in Fig. 16.9a. From expression 4.4,
Part I, the load impedance is

_ RotHjolLo(l — o2L0,) — O.R7
Ze = S O OB . . 1619

1ok °[1 — w?LC, — CSR"Z]
Y > L, ]|

[1 — 0?LyC)*+[wCR,]?

-k N LR LN
o))
. %, =R, iz A\ e . 16.19b
-G T+
where a=I%OJO f,. frfo—z 113008_

From the above, the attenuation at any frequency compared with
the value at the lower middle frequencies is

T (LY T
|Zo|:+mlogml+_ﬁ°‘] () -]
" -G T+G)T
R () -

= +10 log,, > |
— =G T+ 1]

20 log,,

. 16.20a
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oo s i () -]

— ttan-1 ]%uz[l _ (%“)2 _ i] ... 16.20b

o - Lo () 2]
= tan™ %«2[1~<7f—0a>2—&1—2] —57° 18’%‘%(1 —é) .16.20c.

Attenuation and phase-angle error, A, are plotted in Figs. 16.10a
and 16.10b against the ratio of actual frequency to f,, for various

values of «? S where f, = ———. The frequency £, is used
I:OsRoz ’ fo 27RO, quency Jo
+1 ]
‘Sl‘&? |17 . C’LRZ 0 6
R e 4
vg) T ~ T ~ \~
S ~ NN
N -1 N N 1.\ N
woo \
< -2 <IN~
g \‘ OO\
S - -
S 3 ~ L"Z:O \\\\\
s N GEp N
S 4
] N

0 02 04 06 08 10 12 714 16 '8 20
Frequency Ratio (F/£)

F1e. 16.10a.—The Attenuation Characteristics of an Inductance Compensated
v.F. Amplifier.

as a parameter, rather than f,, because it allows direct comparison
with the uncompensated case, and also L, is the essential variable.
It will be noted that for the values of « chosen and }: < 1-8, the

[}
actual phase angle is negative and greater than the required, hence
phase-angle error is negative, indicating too much delay on each

frequency vector. The most suitable value of Lo as regards

C.R,?
frequency response is 0-5, but phase distortion is less for ~——— OB sR == 04,
0
Frequency response for »-13"—2 —~ 05 is almost level to L. — 1, so
C.R, Jo
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that 3-5 Mc/s may be considered as corresponding to - = 1. Hence

0
1 1012
"~ 2af,C, 628 X 35 x 10°® X 30 1,515 2
0-5 x 30 x (1,515)2
108 x 108
and the amplification of the compensated stage is double that of
the uncompensated. Phase-angle error is — 8° 12’, and corresponds
to a time delay of 0-0065 u secs.; it is greater than that for the
uncompensated circuit, but is still negligibly small. If a large

R,

Ly, = 0-50,R,? = — 34.5 uH,

+2°

Lyl
= A
Advanceo | Ere 0
\\\"\\ - ,
. N "~
2 \ ~. -
Fhase - g° R o \L—--’/
Angle b =04
Error ° \ C»;]—Eg
-6 v \
‘\
-8° \
\
..700 \ \
\
Delay . \“ 05
~12 _LLI - \
_740 CSRO \
‘\ ’\,/‘
-76°

0 02 04 06 08 10 12 74 16 18 20
Frequency Ratio (£/5)

Fia. 16.106.—Phase Angle Error Curves for the Inductance Compensated
v.F. Amplifier.

number of v.F. stages is required and phase-angle error, which

is additive from stage to stage, must be reduced =04 is

0
* O R,?
more suitable. For satisfactory frequency response, 3 = 0-6 should

[}
correspond to the highest vision frequency, and this reduces the

maximum permissible value of B, to 910 £ ; overall amplification

. L, L,
o —_ = (-
is reduced to 609, of the value at C.R: 0-5. Values of TRy

greater than 0-5 are unlikely to be satisfactory as attenuation and
phase distortion are increased. The rising frequency response
characteristic tends also to introduce transient distortion.
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Another type of compensated circuit is shown in Fig. 16.11 ; it
is sometimes known as the series peaking circuit, the circuit of

OH.T+

Output

' —oH.T-
Fie. 16.11.—The Series Pepking Compensated v.r. Amplifier.

Fig. 16.9a being called the shunt peaking circuit. The -circuit
functions as a low-pass filter and the ratio of output-to-input voltage
is

1 1
——| joLn,+-
RS chl(jw ij’,)
1 1
Eo . .7le+ 01 +]Cl)02 . jwoz
7 = n N, . 16.21a.
+jw0 (Jw +jw02) Jo 1+jcuC’2
1
JwL1+]w01+_7wC,
— R,
—
©*C:0s . 16.21b.

= gm 1 1 1
- :
RjoLitg, 01+aw0>+jw01(3“’L1+jw02)

1 1 C,
Let R, =m and Ll_—z—o,where c, 2=mand 0,+C, = =C,.
m
Hence _CTI = oRo\/Zm, C_'a = w.R, \/ and L, = 5 Replac-
ing L,, C, and C, in 16.216 by these expressions
(-%%)
, @? . 16.21e.

w o ngf — N
R e P T EE]
0
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The most satisfactory overall performance is obtained for m = 2,

when
PO e Gl v ke | B

7 = Imito
B, [ ( fo )] [f fo:l
2{1 — + 3=
f? fo F
The attenuation characteristic is obtained by plotting

o
4

fz fo f
against % as in Fig. 16.12a (curve 1). Over the pass range up to
[}

10 log,,

f = Jo it is similar to the ‘‘ shunt peaking > circuit for = 0-5,

OSRO

+2

Zo
2,
S

~ \
~
N 7
~

i
L)

]
B
h/
Z

}
(=9

N

|
o

A
\\
-10 1
0 02 04 06 08 10 12 14 16 18 20
Frequency Ratio (£/4)

Fia. 16.12a.—Attenuation Characteristics of Compensated v.r. Amplifiers.

1. Series Peaking Circuit.
2. Combined Shunt and Series Peaking Circuit.

Attenuation (db) 20log,,
3
4
/

but at frequencies above f, it has the advantage of more rapid
attenuation. The phase angle

(f 3f.,>
¢:ta,n"‘1 fO f 2__570 18,§I‘Whenf<fo
2(1 —fL) 2fo
f?
and phase-angle error is

_ (fi ~ 3?>+57° 1w 3f

A¢ = tan—1? 16.23
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which is plotted against f in Fig. 16.12b (curve 1). Phase-angle
(1}
error is very small over the pass range up to f = f, and is much less

+2°
Advance

Delay A AN
-720

-4

0 02 04 06 08 1o 12 14 16 18 20
Frequency Ratio (F/1;)

Fig. 16.12b.—Phase Angle Error Curves of Compensated v.¥. Amplifiers.

1. Series Peaking Circuit.
2. Combined Shunt and Series Peaking Circuit.

than that of the previous case. If C, and f, have the same values as

20,; 20,0, ’ ;
hence amplification is 1-5 times as great as for the previous case.

o H.T+

-oH. T~

Fia. 16.13.—The Combined Shunt and Series Peaking Compensated
v.F. Amplifier.

The net increase in amplification may not be as large as 1-5 because
it may be necessary to add a trimmer capacitance to either C, or
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C,
C,
so reduces amplification. Values of m < 2 tend to give a more
peaked frequency response, whilst values greater than 2 tend to
cause a more rapid fall at high frequencies. The resistance com-
ponent of L, has little effect on performance provided it is not

O, to obtain the required ratio of + = 2, and this increases C; and

1
more than %le.

Still greater amplification can be obtained by combining the
shunt and series peaking circuits as in Fig. 16.13. The expression
for the ratio of output-to-input voltage is found by replacing
R, by R,+jwL, in 16.21b, thus

(R, + joLy)
2
%:gm : “’0;02 7 — -16.24a.
g N , .
(R, +ij0)(ja)L1 +j60 c. +ja) 02) +jw Ol\Jle +j—_w 02>

The following relationships between R,, L,, L,,(J, and C,are suggested
as providing a satisfactory frequency and phase characteristic.

R, = 18 ’ Os = C,+0,, 0= gz, m = 2,
wﬂos m
) 1 1
.., C,=——; Cp=_—_— |
e 1T 1.66w.R,° ' 0-833w.R,
L = 0120,Rs? = 0-216R,
W
L, = 0:520,R,* = 0-9378,
W

Inserting these values in 16.24a, we get

ng01-3s7éf(1 +40-216 .Ji)
0 f2 0,

g 1-387"%—*—0-202%— 2-099 +j(2'5'? — 0-937%_0)

The attenuation characteristic, curve 2 in Fig. 16.12a, is obtained

by plotting
fo f?
1-92f—‘11 1+0-0467J?

[1.3871}1:+0-202;TZ_2.099] g [2.51}1_0.937%;] :

&

. 16.24b.

&

10 log,, 16.25
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against ?-; the phase angle is
0
— 2-2£’-{-0-484},‘10——}—0-0437}_‘)‘—?é
¢ = tan—1 S 7 0 2
0
1-3877—2— — 1:559

= 57° 18’ x — 1-589§—When F<fo
[}
Phase-angle error is
—2-2‘£’+0-484z +O-0437£;
Ad—tan-1 f 2f° Fo? ysro 18 %1580 | 16.26
1-387—f—° — 1-559 fo
fz
and it is plotted in Fig. 16.12b as curve 2. For the particular
component relationships chosen, neither attenuation nor phase
characteristics are as good as those for the previous circuit.
Allowing a loss of — 1 db.,;; = 0-9 for f = 3-5 Mec/s gives
0
_1:8 x 09 x 108
"~ 628 X 35 X 30
Hence amplification is slightly higher for this combination of shunt
and series peaking circuits.

There are many other possible forms of compensated circuit,
including varieties of the constant % low-pass filter prototype
and m-derived structures, and reference should be made to
Bibliography 26.

The values of C, and C, can be measured by means of a circuit
magnification or ¢ meter, or may be calculated by noting the
frequency at which the amplification of the uncompensated amplifier
falls to 0-707 of its maximum value, and by using the fact that
By = —a;l—c—, at this frequency.

Measurement of the amplification characteristic of a v.¥. amplifier
can be made, using the ¢.r. tube grid as a diode detector and noting
the variation in amplifier input voltage necessary to preserve
constant c.Rr. tube grid current. The phase shift characteristic
can be noted by applying the input and output voltages of the
amplifier to a horizontal and a vertical deflector plate of a c.r. tube.
If the input and output voltages are adjusted to give equal ampli-
tudes of deflection, 0°, 180°, 360°, etic., phase angles are denoted by a

R, = 2,455 0.
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straight line at 45° and 135°, and phase angles of 90°, 270°, etc., by
a circle. Alternatively, a calibrated phase-shifting network consist-
ing of a resistance and capacitance can be included in the input or
output lines so as to recover the 0° straight line condition.
16.8.3. Low Frequency Performance. Frequencies below
10 ke/s contribute very little to the horizontal detail of the picture
but do affect vertical detail. Poor low-frequency performance
affects background intensity causing it to vary from top to bottom
of the picture, e.g., a transmitted all-white screen is reproduced as
a screen gradually shading from white to grey from top to bottom,
or vice versa. Phase distortion, which is caused by the increasing
reactance of coupling and self-bias capacitors as the frequency is

(a) (8)
© )

Fi1e. 16.14.—Examples of Phase and Attenuation Distortion of a Square
Wave Input Signal.

decreased, is much more serious than attenuation distortion.
A coupling capacitance of 0-1 uF and resistance of 0-5 MQ in the
grid circuit of a v.r. amplifier produce a frequency response at
50 c.p.s. of 99-82%, of the maximum, but the phase shift is

318 e _
tan—? 50— 3° 38’, which is equivalent to a time advance of
3° 38’ x 108 ) . .
360 X 50— 201-5 p secs. The effect of phase distortion is more

conveniently examined by applying an input voltage of square
wave shape rather than a single-frequency voltage, and examples
of types of distorted output wave shapes which may be obtained
are shown in Figs. 16.14q, 16.14b, 16.14c and 16.14d. A square-
shaped voltage wave applied to the coupling capacitance and resist-
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ance in the grid circuit of a v.r. amplifier produces across the
resistance the wave shape shown in Fig. 16.14a, the trailing ends of
the upper and lower parts of the original square wave being tilted

towards the centre line. The distorted section is part of an expon-
—t
ential curve EeRCe. If the wave has a fundamental frequency of

50 c.p.s. and C, and E, are 0-1 uF and 0-5 M, the percentage fall
—20

in voltage from leading to trailing edge is (1 —¢ 100) 1009, = 18:2%,

(note that ¢ = secs.); for a fundamental frequency of

1
2 X 50
25 c.p.s., the percentage fall is 339,. This voltage fall can be
reduced either by increasing U, or R, or by including a compensating
circuit in the anode of the v.r. amplifier. The maximum value of
R, is limited to about 0-5 M2 by considerations of valve life, so
that only C,can be increased. Making C, = 0-5 uF reduces the fall
to 3-929%, at 50 c.p.s. and 7-699, at 25 c.p.s., which would generally
be regarded as satisfactory. The increased bulk of C, would tend
to increase the input earth capacitance of the v.r. amplifier and so
affect high-frequency response.

It is possible to produce a compensating tilt in the opposite
direction by means of a decoupling capacitance (C; in Fig. 16.15)

OH. T+

: T O /-[_]:-

Fia. 16.15.—A Circuit for Improving the v.r. Amplifier Response to a Square
Wave and for Restoring the p.c. Component of the Vision Signal.

in the anode circuit of the v.¥. amplifier. A square wave of inpub
voltage at the grid is caused by C, in association with R, to have
the output voltage wave shape of Fig. 16.14b, and exact compensa-
tion of grid circuit distortion can be achieved by a suitable choice
of C; provided R, is much larger (about 10 times) than the reactance
of C, at the square wave fundamental frequency. Analysis of the
circuit of Fig. 16.15 shows that amplification is
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By _ g (Rotr B, .. 1627
Eg JpO:i R +L
. ¢ jpC,
when By, > -—, and R, > R,
20
1

R — __—
1’7«»_ 7 jpC,
7 = kBt )

5+ (5e)

gmg B JEQ_—&] 16.2
R2+(p )[R b 2030 (Os 5)] - 1.

Phase distortion is, therefore, completely cancelled by making the
time constant of the grid circuit equal to that of the anode circuit,
ie., R,C,= R, provided E, can be neglected. The anode
decoupling circuit is primarily a phase distortion compensator, and
though it does tend to cancel attenuation distortion—it has a rising
low-frequency response as frequency is decreased—it may not be
sufficient to produce zero overall attenuation distortion. An
example of the wave shape to be expected from a phase-corrected
stage having a decreasing low-frequency response 8 is illustrated in
Fig. 16.14¢, and in Fig. 16.14d is shown the waveform resulting
from a rising low-frequency response.

When R, is comparable with the reactance of Cy—this occurs
as the frequency approaches a very low value such as 5 c.p.s.—
expression 16.27¢ is modified to

E R R
-0 = R 3 g
£, gm( 0+1+]P0333)<R 1 >

pC.
—q R,+R, +jPOsRsRo Rg
" 1+4pCyR, R 1

jpoc

1
R0+R R, jpC,
= gm(Ro+Rs)< 1+jpC,R, / (1 +jpC,R,)
Exact phase compensation is no longer possible because rationaliza-
tion of 16.27¢ produces a j term in the numerator of

. 20R,2
[ m R o)

. 16.27¢c.
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and a real term of
p2C2R2R, R,
R(1+2 ) O Ry —— 2
| Ol (1) O
Hence the phase angle can neither be made constant nor proportional
to p, i.e., to frequency.

c R3 0 .
If BiR. = C.R,, expression 16.27¢ becomes
Do tufle_,
E, gL

ng’ R,

i.e., phase and attenuation distortion is a function of €, and R, and
is independent of the grid circuit. There is, therefore, little advan-
tage in using C; and R, for correcting grid circuit distortion unless
the time constant of the decoupling capacitance and resistance can
be made much greater than that of the grid circuit. Hence R,
should be given its highest possible value, and this is generally
5,000 2 (a very high value cannot be considered because it reduces
the D.c. anode voltage of the v.r. amplifier). If E, = 0-5 MQ,
C, =01 uF, R, = 2,500 Q and R, = 5,000 Q2
__ R C/(R,+Rs) _
C, = “RE - 30 uF
OsR; = 0-15 secs. = 3C,R,.

Thus the use of the compensating decoupling circuit has reduced
the frequency for a given loss and the phase shift to a third of its
value for the uncompensated stage, i.e., a frequency of 32 or
16-66 c.p.s. now suffers a phase shift of 3° 38’ and amplifier response
at this same frequency is 99-829, of its maximum value.

The bias voltage for the v.r. amplifier may be derived from
a fixed voltage source; it may be provided by the anode current
passing through a cathode resistance, or by grid current produced
by the input signal. Fixed bias voltage has the advantage that
a simple filter circuit (for hum voltages) can be designed to produce
very small phase and attenuation distortion of the signal, but it
does not compensate for H.T. supply voltage changes; the grid
resistance R, must therefore be limited to a lower value than with
cathode self-bias. Cathode self-bias causes phase and attenuation
distortion at low frequencies unless the shunt capacitor C, in
Fig. 16.15 is made very large, e.g., 200 to 1,000 yF. Low-frequency
performance is improved by omitting Cy, but there is a large reduc-
tion in amplification, and high-frequency performance is affected
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because stray capacitance across Ry, tends to reduce the degeneration
at high frequencies. Grid cwrrent biasing from the signal voltage
has the advantage of retaining the ».c. component of the signal in
the v.F. anode current, but there is a danger of taking too large
an anode current when the signal ceases.

Phase and attenuation distortion from the cathode self-bias
circuit can be compensated by a suitable choice of decoupling
capacitance and resistance in the anode circuit. Since R, > Z,

By _ 9o
R
here Zy = Ry+— 3
W 0 D+I+JP03R3
R
d Z, — .~k
o kT 14jpCLR,

In order that the decoupling circuit may exactly compensate for
the self-bias circuit

E, ImZio
— = R = Im
B, T 11,7,
. Z
ie., (A +gnZy) = R’:
or 1+ Imbe Ry

s = I
1+jpCiR;, Ro(1+jpC,R,)
Hence equating imaginary and real terms

CkRk == 03R3
R
ngIc = Fz
or Im o=1%:=%l: . . . 16.28.

Typical values for ) and R, are 25 uF and 150 2, so that for
gm = 10 mA /volt and R, = 2,500 2, Cy = 1 yF and B; = 3, 750 L.
The following is the normal procedure for cathode circuit correc-
tion. C. R, and R, are given their specified values, (; is made
about 1 yF and R; about 5,000 2. A 10 ke/s input voltage is
applied and the amplification noted-—at this frequency the reactances
of C,, and C; are negligibly small. C, and C, are next removed
and R, adjusted to give the same overall amplification as previously.
Ol
"R,
The screen circuit, like the cathode circuit, can also produce

R, is then measured and C; calculated from C; ==
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attenuation and phase distortion and it may be compensated by
the anode decoupling circuit. Exact compensation is obtained
by equating expressions for B and for x in Sections 9.3.5 and 6,

thus e = - =

where R,’ = external resistance in the screen m.T. path

C,” = screen decoupling capacitance
AE,
Al

It is clearly not possible to compensate for the grid, cathode
and screen circuits in one stage, and it is usual when more than
one stage is employed to use the decoupling circuit of one stage
for grid circuit correction, one for cathode self-bias and one for
screen circuit correction. Screen circuit components generally have
less effect on attenuation and phase distortion than cathode self-
bias components. When only one stage of v.r. amplification is
employed, grid circuit correction may be used and the bias derived
from a fixed voltage source, or the time constant of the grid circuit
(R,C,) may be made as large as possible and cathode self-bias dis-
tortion corrected in the anode circuit. Low-frequency performance
will generally be found satisfactory if phase and attenuation is small
down to a frequency of 25 c.p.s.

Motor boating is sometimes a problem, more particularly with
a large number of v.r. stages, and great care must be taken to
ensure that the power supply has a low impedance, i.e., large smooth-
ing capacitors are needed. In extreme cases it may be necessary
to reduce the grid coupling capacitors so as to attenuate very low
frequencies.

16.8.4. Restoration of the D.C. Component. The need for
restoring the D.c. component of the vision signal has been stressed
in Section 16.8.1. If this component is absent, the vision output
wave automatically centres itself so that ‘‘ positive ”” and ‘‘ nega-
tive >’ areas are equal, as shown beneath the beam current-grid
voltage curve of the o.R. tube in Fig. 16.16. The bias position is
A and the combined v.F. and synchronizing input signal automatic-
ally centres itself on the line AB. Thus position 1 corresponds
to a maximwm white line and position 2 to a black line. This
means that the correct black position (line DF, the start of the
synchronizing pulses) is variable in relation to the bias line 4B and
contrast is lost. The D.c. component can be restored if a variable
positive bias just cancelling the difference in voltage, E;, between

Ry, = slope resistance of the screen electrode =
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the correct black line HG@ and the vision signal black line DF is
included in the grid circuit of the cathode ray tube. This can be
accomplished by using a diode connected as shown in Fig. 16.15,
to act as a peak voltage detector of the * negative ”’ half of the
vision A.C. wave, i.e., on the synchronizing pulse side. If the time
constant of the coupling capacitance C, and diode load resistance,
R,, which is also the coupling resistance to the c.r. tube, is made
sufficiently large, the bias produced across R, is nearly equal
to the negative peak voltage,
E,, of the input wave. By Lpeam
suitable location of the bias
point 4, DF can be made to
coincide with GH as shown in
position 3. The time constant
must not, however, be so large
that it makes the bias change
sluggish to changes of picture Z
background brightness. A time
constant of 0-1 second is suit-
able; too low a value causes
noticeable lack of contrast.

The action of the diode bias
also tends to restore the down-
ward tilt of a square wave input
(Fig. 16.14a) due to phase and
attenuation distortion in the
v.F. amplifier, the direction of
the variable diode bias being
opposite to the wave tilt. In FIgf lg-lf-—ﬁ ?i%granf;hlﬂustrat(ijng the
order to obtain this correction,  nent of the ‘%?i;’if,‘,‘:g&gnil,”'“' ompo
the time constant C,R, must be
not greater than that of circuit being corrected but must be much
greater than the period of the line frequency.

It is possible to use the last v.F. amplifier as a D.c. restorer if
the cathode ray tube grid can be directly connected to the amplifier
anode, i.e., the cathode of the ¢.r. tube cannot be at vision receiver
earth potential but must be connected to a potential divider across
the receiver m.T. supply. The amplifier valve is operated as
a cumulative-grid detector with zero standing bias, and ».c. restora-
tion occurs by grid current detection. There are three serious
objections to the method : if the receiver rectifier heats up more
quickly than the v.r. amplifier, positive bias is applied to the c.r.
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tube grid, screen voltage tends to vary with changes of grid bias,
and screen voltage must be reduced to prevent excessive anode
dissipation in the absence of a signal, and this leads to a reduction
in amplification.

With positive modulation transmission a biased diode limiter
(see Section 12.9) may be incorporated to suppress ‘‘ snowflake ”
interference on the picture. The diode is non-conductive for normal
signals but peaked interference voltages cause it to conduct and
apply a negative pulse to the c.r. tube grid, thus blacking out on
interference. With negative modulation, peaks of interference
automatically black-out the picture at the spot where they occur.

16.9. Synchronizing Pulse Separation.

16.9.1. Introduction. Two actions are involved in synchron-
izing pulse separation : the first, known as amplitude separation,
divides the 1.F. or v.F. signal into vision and pulse components and
rejects the former; the second, known as frequency separation,
divides the synchronizing voltage into frame and line pulses, which
are then used to lock the frame and line scanning generators
employed for deflecting the c.Rr. tube spot across the screen. Syn-
chronism can be established with the scanning generator ‘‘ free ”
frequency fast or slow, but slow running is preferable because stable
locking is possible over a wider range of frequencies than if the
generator frequency is fast. Correct polarity of synchronizing pulse
is essential, and this depends on the type of scanning generator
and the point at which the pulse is applied. If it is injected into
the grid circuit of a slow-running generator, it must usually be in
a positive direction, the start of the pulse, where it joins the vision
component, being negative. With the American system of negative
modulation and the v.F. detector connected as in Fig. 16.7, an even
number of phase reversals must be included between the detector
output and the scanning generator. The English system of positive
modulation calls for an odd number of phase reversals between the
detector output (Fig. 16.7) and the scanning generators, because
the initial synchronizing pulse is in a negative direction.

For most satisfactory synchronization the free frequency of the
scanning generator is set about half-way between the correct and
“ fall-out ” frequency, so that the generator is held in synchronism
when its free frequency varies in either direction. Variations of
frequency are caused by supply voltage fluctuations, and hum or
noise voltages injected into the scanning generator circuits. An
adequately smoothed H.T. supply is most necessary, and if iron-cored
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coils are used in the generator circuit they must be carefully screened
from sources of A.c. mains magnetic field. Hum and noise voltages
tend to affect interlacing, causing unequal spacing or weaving of
interlacing lines. Limitation of pulse amplitude in a positive direc-
tion is advisable in order to reduce the effect of peaked noise pulses
of large amplitude and short duration. The advantage of this
limiting is particularly marked at the edge of the service area of
a television transmission, and a steady picture can often be obtained
from a signal one-fifth to one-tenth of that which is required to
provide a steady picture when no limiter is employed. The voltages
required for synchronizing depend on the type of scanning generator
employed. The blocking or squegger oscillator requires from 5 to
15 volts, the multivibrator 0:5 to 2 volts, and about the same is
needed for the gas-filled relay.

The line and frame pulses must be filtered from each other, and
feedback between the two scanning generators must be prevented,
otherwise the frame is liable to be triggered by the line, and inter-
lacing is erratic.

16.9.2. Amplitude Separation of the Vision and Synchron-
izing Components.*? Separation of the synchronizing pulses
from the vision component of the television signal can be accom-
plished by using a detector type of valve, such as a diode, leaky grid
or anode bend, and the principles involved are very similar to those
of the amplitude limiter of the ¥.mM. receiver. The input to the
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Fra. 16.17a.—Separation of the Synchronizing Signals from the Vision Signal
for the American Type of Negative Modulation Transmission.

amplitude separator may be taken from the output of the last
LF. valve, the v.r. detector or a v.F. amplifier stage. An example
of the diode separator operating from the 1.F. output is shown in
Fig. 16.17a, the circuit is only suitable for the American system in
which the synchronizing pulses occur at maximum carrier. The
time constant of the coupling capacitance C; (0-05 to 0-1 yF) and
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resistance B, (0-5 to 1 M) is large in order that the D.0. bias voltage
across R, shall remain almost constant at a value slightly higher
than the start of the synchronizing pulse. The latter causes the
diode to conduct and produce across R, (3,000 2 to 5,000 £2) a voltage
wave similar in shape to the synchronizing pulse. The by-pass
capacitance €, (100 puF) is to assist in removing 1.F. ripple and v.F.
voltages from the output, and additional filtering is provided by
Ry (2,000 2) and C; (100 uuF). The output voltage across C; is
directly connected to an amplifier valve biased almost to the anode
current cut-off point, which is given a low negative value by using
a low anode voltage 3 if the valve is a triode, or low screen voltage
if a tetrode. A resistance R, (0-1 MQ) can be included in series
with the grid of the amplifier valve to limit the pulse amplitude in
a positive direction. The amplitude of the pulse and any inter-
ference, which is superimposed on it or breaks through the vision
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Fra. 16.17b.—An Anode Bend Type of Synchronizing Signal Separator for the
English System of Positive Modulation

signal, cannot greatly exceed the cut-off bias voltage because grid
current in association with R, prevents the grid of the amplifier
becoming appreciably positive. The synchronizing pulse is in
a positive direction across R, and an additional phase reversal is
necessary after V, to regain the positive direction. This is provided
by including a second valve V,. The latter can be omitted if the
diode connections are reversed and the bias on V, adjusted to a value
sufficient to prevent grid current flowing. Pulse amplitude limita-
tion is then brought about by anode current cut-off. Fig. 16.17b
shows the anode bend type of separator. It may be supplied from
the v.F. detector output if the English system of positive trans-
mission is being received and the detector is connected to give
a positive vision signal. The valve is biased into cut-off and the
vision component is cut off by the action of the grid series resistance
R, (0-1 MQ) and grid current. Screen voltage, which controls the
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cut-off bias voltage, has a comparatively low value (30 to 40 volts),
so that the pulse amplitude is limited, with consequent reduction
in interference from noise. Not only is the vision component
cut-off by the action of the grid circuit, but it may also be cut off
by using a low anode voltage to produce a flat-topped I ,E, character-
istic at grid voltages near zero and in the positive bias region.
A triode valve is not likely to be satisfactory in this type of separator
because the vision component may be transferred from the grid to
the anode circuit through the anode-grid capacitance. Phase
reversal of the pulse direction occurs in valve V,, which therefore
gives a positive pulse output. The leaky grid amplitude separator,
shown in Fig. 16.17¢, will function with a v.F. input voltage provided
the synchronizing pulses are positive. Low anode and screen
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Fic. 16.17c.—The Leaky Grid Synchronizing Signal Separator.

voltages are employed to limit pulse amplitude and noise inter-
ference. The time constant of the grid circuit is sufficiently high
(about 0-05 seconds) to prevent rapid changes of bias voltage due
to the vision components. In order to obtain at the separator
output a satisfactory synchronizing pulse shape independent of the
vision signal, the input synchronizing amplitude should exceed
a voltage equal to the cut-off bias of the valve. The latter may be
operated from the 1.F. output when the television signal has negative
modulation. An additional phase reversing stage is necessary to
convert the pulse output to a positive direction.

16.9.3. Frequency Separation of the Frame and Line
Pulses. The frame and line synchronizing pulses must be separ-
ated from each other, and interaction between the scanning genera-
tors (particularly from line to frame) must be prevented, otherwise

erratic interlacing occurs. Normal filter circuits do not provide
P*
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sufficient discrimination without severe mutilation of the pulse
wave shape. Attenuation and phase distortion adversely affect the
higher harmonic pulse components which control the slope of its
leading edge. The latter should be as sharp as possible or synchron-
ism becomes dependent on pulse amplitude and is liable to be
affected by interference superimposed on the leading edge. The
most satisfactory form of filter for selecting the line pulse has proved
to be the differentiator type. This may consist either of a high
resistance and an inductance, or a capacitance and a low resistance
to which is applied a voltage of synchronizing pulse shape, the
output voltage in the first case being that across the reactance and
in the second that across the low resistance. The first is provided
by a tetrode valve, which has an inductance in its anode circuit,
and to the input of which is applied the rectangular synchronizing
pulses. The tetrode, owing to its high slope resistance, produces
an anode current wave identical in shape to the input voltage wave,
and there appears across the inductance a voltage, the shape of
which is a differential of the current wave (EL = L%) The
actual voltage wave shape depends on the resistance component
of the inductance, and if this is small it is a sharp pulse of much
shorter duration than the rectangular synchronizing pulse, as shown
in Fig. 16.18a. Increased resistance in the inductance causes
a pulse of longer duration, slower rate of rise and smaller amplitude.
There is a similar pulse in the opposite direction on the downstroke
of the synchronizing pulse, but this has no effect on the scanning
generator, being in the wrong direction for triggering it. For the
second differentiator circuit the reactance of the capacitance at the
fundamental frequency of the synchronizing pulse must be large
compared with the output and generator resistance. Hence the
valve supplying the voltage of synchronizing pulse shape must be
a triode. The voltage appearing across the output resistance is a
function of circulating current, which, if the total resistance is low,
is a function of the differential of the applied voltage. These differ-
entiator filters may also be considered from the angle of circuits
having a frequency response proportional to frequency ; the funda-
mental and lower harmonic components of the pulse have reduced
amplification compared with the higher harmonies, thus tending to
sharpen the leading edge of the pulse and reduce its duration.
The inductance differentiator is more commonly used, and the line
synchronizing output pulse may be obtained from a secondary coil
connected to it. Phase reversal is then possible without an extra
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Line synchronizing is carried on during the frame

beginning of a new frame may not be jumbled while the line scan-

synchronizing pulse in order that the first few visible lines at the
ning generator is being pulled into synchronism.

valve stage.
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The frame synchronizing pulse is separated from the line by
using an integrator circuit, consisting of a parallel combination of
resistance and capacitance, to which is applied through a high
resistance a voltage of synchronizing pulse shape. The frame

output voltage is taken across the RC combination, and is an
integral function (Ec = J%if> of the current through the capaci-
tance. The frequency response of this circuit is the opposite of
the differentiator, attenuation of the higher harmonic components
of the pulse occurring. The voltage wave shape across the integrator
circuit is shown beneath the synchronizing input wave shape in
Fig. 16.18c. The line pulses produce a voltage across the integrator,
but it is small because the line pulse duration is only 109, of the
total line time and is insufficient to synchronize the frame scanning
generator. The frame pulse of much longer duration (409, of the
line time) produces a large voltage component as shown by the
section EF in Fig. 16.18c. Synchronism should take place on the
first up-stroke at about the point G.

A circuit diagram of a typical frequency separator is shown in
Fig. 16.19. The inductance L, forms the differentiator for the line
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Fig. 16.19.—A Circuit for Separating the Line from the Frame Pulse in the
Synchronizing Signal.

synchronizing pulses, which are taken from the secondary coil L, to
the line scanning generator. A comparatively low resistance
R, (3,000 to 5,000 2) is connected across L, to prevent damped
oscillations occurring due to resonance of L, or L, with the stray
capacitance. The frame integrator circuit is provided by R,
(10,000 2) in parallel with C, and C, in series. C, is about one-
tenth of C, (0-025 uF) and there is therefore a reduction in pulse
amplitude. The chief advantage of this capacitance divider is that
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O, can also be the grid blocking capacitor of a blocking oscillator
acting as the frame scanning generator : a negative direction of
synchronizing pulse is required at the input to the valve in order
to give the required positive direction to the frame output pulse.
The transformer connection between L, and L, allows phase reversal
of the line synchronizing pulse, so that either a positive or negative
input pulse could be used if only line synchronizing has to be
considered.

Another form 28 of frequency separator is illustrated in Fig. 16.20.
The valve, a pentode, is supplied from the output of a v.F. amplifier
giving a negative vision signal and positive synchronizing pulse, and
it operates as a leaky-grid detector to separate vision from synchron-
izing signals in the same manner as the circuit of Fig. 16.17¢c. The
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Fie. 16.20.—A Circuit for Separating the Line from the Frame Pulse in the
Synchronizing Signal.

line and frame pulses at the output of the valve are therefore in
a negative direction and they are taken from two separate electrodes,
the anode and suppressor grid respectively ; hence the possibility
of interaction between line and frame scanning generators is almost
negligible.

The suppressor grid external resistance R, (0-25 M) is high, and
this produces a saturated suppressor grid current-input grid voltage
characteristic with a change from cut-off to the saturated current
condition for 0-75 to 1 volts change of grid bias. Frame pulse
amplitude is therefore limited in a positive as well as negative
current direction. The resistance R, and capacitance Cs (0-0003 uF)
form the integrator circuit, and the voltage pulses due to the line
synchronizing (see section DE of the frame voltage integrated wave
in Fig. 16.18¢) are removed from the frame pulse by the biased diode
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separator D,, the anode of which is slightly negative with respect
to the cathode in the intervals between frame synchronizing pulses.
Phase reversal of the frame output signal is obtained by the trans-
former connection to the scanning generator coils. The line output
pulse is not differentiated but appears in almost the original
rectangular form across the anode load resistance R,, which has
a much lower value (5,000 £2) than the suppressor grid resistance
R,, in order to prevent attenuation of the higher harmonic com-
ponents. A diode D,, connected in the opposite way to D,, acts
as an amplitude limiter. As the line pulse amplitude is increasing,
the anode voltage is decreasing and the voltage on the anode of
diode D, eventually falls below that of the cathode, causing the
diode current in the output resistance R, (5,000 Q) to become zero.
Any increase in line amplitude produces no further change of voltage
across R;. The line synchronizing pulse is in a negative direction
and the equivalent of a phase reversal is achieved by injecting it
into the cathode instead of the grid circuit of the scanning generator.
Component values for this type of amplitude separator are as follows :

Component C, C, C, C, (oF Cq
Value . 0001 uF 2 puF(elec.) 0-0003 uF 0:1uF 0-1 uF 2 uF(elec.)
Component R, R, Ry R, Ry
Value . 5MQ 5,000 Q2 15,000 2 0-25 MQ2 5,00002
Component Rg R, By R,

Value . 5,000 Q2 10,000 Q 5,000 2 70,000 Q2

The H.T. voltage is between 300 and 350 volts.

16.10. The Scanning Generator.

16.10.1. Introduction. The voltage or current needed to
produce the electric or magnetic field for deflecting the c.r. tube
beam is usually obtained from an amplifier to which is applied
a voltage from a scanning generator. The shape of the output
voltage required from the latter depends on the method of deflection
employed ; if it is electrostatic, by voltages of saw-tooth shape
applied to deflector plates mutually perpendicular inside the ¢.R.
tube, a voltage of saw-tooth shape is required from the scanning
generator. On the other hand, electromagnetic deflection, by
a current of saw-tooth shape in coils mutually perpendicular outside
the ¢.r. tube, requires from the scanning generator an output voltage
of pulse form or a combination of pulse and saw-tooth shape (see
Section 16.11.1). The most important features required of the
scanning generator are: (1) the frequency and amplitude of its



16.10.2] TELEVISION RECEPTION 447

output voltage should be stable (little affected by supply voltage
and temperature changes) and yet susceptible to manual control,
(2) synchronism should be easy to establish and (3) the output
wave shape should conform to that required by the deflection
amplifier (in the case of electro-static deflection the saw-tooth output
voltage should be linear, i.e., its instantaneous amplitude should be
proportional to time). The scanning generator normally consists of
a resistance-capacitance charge circuit, across which the saw-tooth
voltage is developed, and a device for periodically discharging or
charging the capacitance. The pulse-shaped voltage may be obtained
from the discharge current of the capacitance or from some part
of the discharge oscillator circuit. The discharge device may be
a gas-filled relay valve, a multivibrator (relaxation oscillator), or
a blocking oscillator.

16.10.2. The Gas-Filled Relay Valve Scanning Generator.
The gas-filled relay valve is not now used to any great extent in
television scanning generators because it is more erratic in perform-
ance—ifree running frequency and amplitude are affected by gas
pressure, which is a function of temperature—has a shorter life and
is more costly than the high vacuum valve multivibrator or blocking
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Fia. 16.21.—The Circuit for a Gas-Filled Valve Scanning Generator.

oscillator. Fig. 16.21 shows a circuit suitable for the gas-filled valve.
The charge circuit consists of two resistances, R, and R;, 2 MQ and
0-5 MQ respectively, and the capacitance Cy. R, is variable, pro-
viding means of controlling the rate of charge of C;, and hence the
frequency of the output voltage. The value of C; is about 0-25 uF
and 0-0005 uF respectively for the frame and line frequencies. The
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voltage-time curve is exponential, but an almost linear saw-tooth
shape can be obtained by having a discharge voltage of 109, or
less of the m.T. voltage applied to the charge circuit. A character-
istic of the gas-filled valve is that as soon as the gas is ionized it
becomes practically a short circuit across C,, and to prevent destruec-
tion of the cathode the maximum discharge current must be limited
by including R, in the discharge circuit. The anode voltage at
which the gas ionizes—it is known as the striking voltage—depends
on the grid bias voltage, and it is increased by increasing the negative
bias. Once ionization has taken place the grid is surrounded by
a sheath of positive ions (gas atoms with a deficiency of electrons),
and it has no further control. The positive ions cause grid current
to flow, and to prevent overheating of the grid R; (20,000 Q) is
inserted as a grid current limiter. The valve continues to take
anode current until the anode voltage falls below the ionizing
potential of the gas (approximately 15 volts for mercury vapour
and argon), when current ceases. This voltage, known as the
extinction voltage, should be as low as possible because it subtracts
from the ““linear ” part of the exponential curve and reduces the
maximum permissible saw-tooth amplitude. When conduction
ceases, the grid loses its positive ion sheath and takes full control,
preventing anode current until the striking voltage is once again
reached. The ratio of the change in striking voltage to change of
grid voltage producing it is known as the control ratio and is
generally about 20. The anode current limiting resistance R, has
a value from 100 to 500 ; it must not be increased unduly,
otherwise the time of discharge (the flyback time) is prolonged and
the output amplitude reduced by the voltage drop across R,.
R, may be included between C, and earth as shown dotted in
Fig. 16.21, when a pulse voltage (developed across R,’) or a com-
bination of pulse and saw-tooth voltage (developed across C; and
R') is required for the input to the deflection amplifier. Control
of output voltage amplitude is achieved by variation of the cathode
bias provided by R, (5,000 2 variable), which is paralleled by
C, (26 uF). Frequency is also varied, but R; is primarily an
amplitude control, increase of R, increasing amplitude. The b.c.
current component of the deflection amplifier can with advantage
be diverted through R, soas to give a more constant biasing action.
R, and R, are adjusted to suit synchronizing input requirements.
The larger R, is made the less likelihood is there of feedback from
one scanning generator to the other through the synchronizing
separator stage.



16.10.3] TELEVISION RECEPTION 449

16.10.3. The Multivibrator Scanning Generator. More
stable operation is obtained from a high vacuum discharge device,
and television scanning generators are almost entirely confined to
the multivibrator or the blocking oscillator type of discharge unit.
The chief advantage of the multivibrator is that, besides the valves,
only resistance and capacitance elements are involved in the circuit.
On the other hand, the output voltage wave shape is more easily
controlled in the blocking oscillator, which does, however, require
a more complicated and costly circuit because of the transformer
oscillatory circuit. The absence of inductance (apart from that of
the leads) gives the multivibrator low inertia and makes it susceptible
to quite small synchronizing voltages (of the order of 0-1 volts).
This confers disadvantages as well as advantages, and special care
is needed in layout in order to prevent electrostatic pick-up of
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Fra. 16.22.—A Multivibrator Scanning Generator.

unwanted impulses and interaction between line and frame
generators, both of which tend to cause loss of synchronism. The
blocking oscillator requires about 5 volts for synchronizing and is
less affected by undesired impulses. An example of the multi-
vibrator scanning generator is given in Fig. 16.22. Two triode
valves (V, and V,) are used with a resistance in the common cathode
circuit as the coupling unit. The second valve V, acts as the dis-
charge device across the capacitance C, of the (R; and R,) C, charge
circuit. The action of the multivibrator is as follows : when the
H.T. is initially applied to the circuit the anode voltage of ¥V, rises
more rapidly than that of V, because the time constant of the
decoupling circuit R,C, is smaller than the time constant of the
anode circuit of ¥,. A bias voltage is established across R,, and
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this prevents the flow of anode current in ¥, until the anode voltage
reaches a certain value. As soon as V, starts to take current, the
bias voltage across R, is increased and the anode current of ¥, falls,
thus causing its anode voltage to rise. A positive voltage pulse is
therefore transmitted through C, to the grid of V,, and this further
increases the current taken by V,. The action is cumulative and
leads to a rapid discharge of C,. The valves return to the condition
obtaining initially because the falling anode voltage on V, reduces
the rate of rise of anode current and eventually reverses it, causing
the bias voltage across R, to be reduced, the anode current of V, to
be increased, its anode voltage to be reduced and a negative voltage
pulse to be applied to V,. The action is again cumulative and
V, rapidly becomes non-conductive. Control of the multivibrator
frequency within the limits required of a television scanning
generator is achieved by varying the time constant of the grid
circuit of V, (resistance R;). Amplitude control is provided by
varying the H.T. voltage applied to V,, or the charging resistance
Ry ; since discharge results from a decrease in the anode current
of V,, a negative synchronizing pulse is required at the grid of this
valve. Typical values for the circuit constants of a multivibrator
scanning generator for frame and line are :
R

Component . . R R Ry

4
Frame . . . 5000 50,000 2 100,000 2 2 MQ
Line .. 500 Q 50,000 Q 50,000 Q2 2MQ
Component . . R, R, Ry R,
Frame . . . 0-5 MQ 0-5 MQ 1 MR 5,000 2
Line . 0-5 MQ 25,000 Q 50,000 Q2 10,000 2
Component . . C, C, C, C,
Frame . . . 1 uF 2 uF 0-01 uF 0-1 uF
Line . . .  OluF 0-1 uF 0-001 uF 0-0005 uF

A saw-tooth, pulse or combination of these voltages can be
obtained at the output. When magnetic deflection is employed,
R, is generally made variable in order to allow adjustment of the
deflecting current for the nearest approach to linearity of deflection.
The decoupling capacitance C, for the anode circuit of the first
valve can be taken to H.T. negative, but the cathode connection 1
shown in Fig. 16.22 gives a more satisfactory performance because
it prevents the anode current degenerative feedback caused when
the A.c. component of the anode current of V, is allowed to flow
through R,.
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16.10.4. The Blocking Oscillator Scanning Generator.
Any oscillator which derives its bias by grid current flowing in
a resistance-capacitance combination, the time constant of which is
much greater than the period of the normal oscillation, can be
made to function as a blocking or squegger oscillator if very tight
coupling is employed between the oscillator coils. The very large
grid current pulse, caused by overcoupling, charges the grid bias
capacitance to a negative voltage (with reference to the grid elec-
trode) considerably greater than that required to cut off the anode
current of the oscillator. Oscillation, therefore, ceases and cannot
begin again until the capacitance has discharged through the grid
leak resistance to a voltage low enough to permit anode current to
flow. The cycle of operations, consisting of oscillation followed by
a quiescent period, is then repeated. The length of time during
which the valve anode current is cut off depends on the time con-
stant of the grid self-biasing circuit and the degree of coupling, the
greater either of these the longer is the quiescent period. When
oscillation commences there may be one or a number of oscillation
cycles, the actual number depending on the damping of the tuned
circuit and its L/C ratio, a large L/C ratio and heavy damping
tending to a single cycle of oscillation ; damping must not be made
too large, otherwise it may prevent the blocked condition being
realized. Single pulse oscillation is desired in the blocking oscillator
scanning generator and the highest possible L /C ratio is therefore
required. Generally no tuning capacitance is employed other than
that due to stray capacitance. The important advantages of this
type of oscillator are that (1) the blocking frequency is relatively
stable and only slightly affected by supply and temperature varia-
tions, (2) synchronism is easily maintained by a positive synchron-
izing voltage applied to the grid cireuit, (3) pulse and saw-tooth
voltages are generated and (4) the discharge or flyback time can
be controlled by variation of the normal oscillation frequency of
the tuned circuit.

An example of the blocking oscillator is shown in Fig. 16.23a,
and the shapes of the voltage waves occurring across the different
parts of the circuit are shown in Fig. 16.23b. The pentode valve
in Fig. 16.23a performs two roles : the control and screen grids act
as the grid and anode of a blocking oscillator, and the anode-cathode
circuit as the discharge device for the capacitance C,, which is
charged from the H.T. supply through the resistances R, and R,.
The anode current is zero during the quiescent period of the oscillator
and only flows when the positive oscillation pulse of the blocking
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oscillator part renders the whole valve conductive. A saw-tooth
voltage is developed across C; or a combination of pulse and saw-
tooth if R; is included. The synchronizing input voltage is applied
through a coupling coil L; connected to the oscillator coils.
Fig. 16.23b shows the impulse nature of the voltages B, and B,
across the grid and screen coils respectively—these voltages are, of
course, 180° out-of-phase with each other. A large value of tuning
capacitance produces the lightly damped train of oscillations shown
by the dotted E; curve and may result in a second current pulse
in the anode circuit, causing a second saw-tooth voltage as shown
by dotted K, curve in the figure. Linearity of saw-tooth voltage
across C; requires the H.T. voltage to be at least ten times the
amplitude (peak-to-peak) of the saw-tooth output voltage. Chang-
ing the rate of charge of C; by varying R, controls the amplitude
of the saw-tooth, frequency being governed entirely by the control
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Fia. 16.23a.—A Blocking Oscillator Scanning Generator.

grid circuit time constant, i.e., by variation of B,. It is seen from
Fig. 16.23b that the exponential discharge curve of capacitance C,
approximates to the saw-tooth voltage shape, and if this shape of
output voltage is required the pentode discharge section and the
charge circuit can be omitted, the output voltage being taken
across C,. The voltage wave shape will not be linear as long as
the discharge voltage for C, is zero, but the resistance R, can be
returned to H.T. positive instead of to zero with consequent improve-
ment in linearity. The effect of connecting R, to a positive voltage
E is illustrated by the dashed curve on Fig. 16.23b, it is equivalent
to increasing the H.T. voltage on the anode charge circuit of a gas-
filled valve generator.

Suitable component values for the circuit of Iig. 16.23a
are :
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Component . R R R R

1 4
Frame . . . 20,0002  025MO (var)  2MQ (var)  0-5M2
Line . . . 20,0002 0-25 MQ (var.) 2 MQ (var.) 0-5 MQ
Component . R, C, C, C,
Frame . . . 5,000 2 uF 0-1 uF 0-1 uF¥F
Line . . . 10,0009 01 uF 0-0005 pF 0-0005 uF

Fic. 16.23b.—Voltage and Current Waveforms in a Blocking Oscillator.

An alternative form 2 of blocking oscillator suitable as a line
scanning generator producing a pulse output voltage is illustrated
in Fig. 16.24. Synchronizing is effected by a negative pulse applied
to the cathode circuit. The free frequency is controlled by variation
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Fia. 16.24.—An Alternative Form of Blocking Oscillator Scanning Generator
suitable for the Frame Scan.
of the resistance R, in the cathode circuit. Component values are
as follows :
R, = 1,000 2, R, = 8,000 2, B, = 0-15 MQ, R, = 0-25 MQ, U, = 0-1 4F,
C, = 0-0005 uF, Cy = 0-002 uF, C, = 0-01 uF.

The resonant frequency of the inductance of the anode or grid
coil, whichever is the larger, of the coupling transformer, and the
stray capacitance determines the flyback time of the output voltage
wave shape, and it should be not less than ten times the fundamental
saw-tooth frequency. The frequency must not be made too high
otherwise the discharging capability of the generator is reduced,
because the maximum current taken by a high vacuum valve is
very much less than that of a gas-filled valve. A resonant frequency
of about 1,000 c.p.s. is suitable for the frame scanning generator,
and an intervalve or output transformer of 1 to 2 turns ratio will
usually fulfil this role satisfactorily. The line scanning generator
requires a resonant frequency of 150 to 200 ke/s.

16.11. The Deflecting Circuits and Amplifiers.

16.11.1. Introduction. Deflection of the c.r. tube beam may
be accomplished electrostatically or electromagnetically. Whilst
both methods have their advantages and disadvantages, magnetic
deflection is generally to be preferred. The chief point in favour of
electrostatic deflection is that it deflects not only the electrons, but
also the negative ions (atoms of residual gas to which electrons have
attached themselves) contained in the o.r. tube beam. The negative
ions have much greater mass than the electrons, and if they are
allowed continuously to bombard a small area of the screen they
destroy its luminosity. A magnetic deflecting field has much less
influence on the ions than on the electrons, so that the ionic beam
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tends to remain at the centre of the screen and cause an * ionic
burn ” or dark spot. The disadvantages of electrostatic deflection
are that a long c.R. tube is required, comparatively high deflecting
voltages (about 850 volts peak-to-peak on each plate) are needed,
and there is distortion of the spot at the edges of the picture due to
the non-uniform electric lens action between the deflector plates.
A long c.r. tube means a more bulky cabinet and increased tube
and cabinet cost. High deflecting voltages call for a high voltage
H.T. supply with valves and capacitance components suitable for
high voltage operation. Push-pull deflection is essential to prevent
trapezium distortion. A further disadvantage of electrostatic
deflection is that the coupling capacitances from the deflection
amplifier to the plates must be capable of withstanding about
7,000 volts because the voltage between plates and earth is the same
as from the c.r. tube anode to earth.

The advantages of magnetic deflection are reduced size of
C.R. tube, beam distortion or defocusing during deflection is small,
and the deflection amplifier can be operated from a low voltage
supply (300 volts). The disadvantages of magnetic deflection are the
negative ion burn, the higher deflecting power required, and the high
induced voltage caused by the flyback of the line deflection current.

For electrostatic de-
flection a saw-tooth
voltage must be applied
to the deflector plates of '

(@

Voltage across Inductance I,

the c.r. tube; electro-
magnetic deflection, re-
quires a saw-tooth current
through the deflector coils. Voltage across Resistance R

The actual shape of the

input voltage to the / \/\/

. . . )

magnetic deflection ampli-
fier depends on the slope Jotal Voltage across R and 1,
resistance of the amplifier
valve. If it is a tetrode
or pentode of high R,, the ©)
input voltage shape should
be saw-tooth because the
current wave shape is in-

dependent of the external

load. On the other hand, F1a. 16.25.—The Voltage Waveform required
across a Coil to give a Saw-tooth Current

the input voltage sha.pe to Waveform through the Coil.
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a triode of low R, needs to be a combination of pulse and saw-tooth
shape. The actual voltage required across the inductive part, as
distinct from the whole coil, including the resistive component, is
of rectangular pulse shape as shown in Fig. 16.25a. Integration
of this shape {I = IfEdt) gives a saw-tooth current shape through
the coil, and this saw-tooth current produces a saw-tooth voltage
across the resistance component of the coil and the valve slope
resistance (Figs. 16.256). The input voltage shape must be equiva-
lent to the sum of these two as shown by Fig. 16.25¢, and it is
obtained by adjusting a resistance in series with the charge capaci-
tance as described in Section 16.10.

16.11.2. Electrostatic Deflection. The distance through
which the beam of a o.r. tube is deflected by a voltage applied to
a flat plate parallel to the beam is directly proportional to the
length of the plate, its distance from the screen and the deflecting
voltage ; it is inversely proportional to the distance from the plate
to the beam axis and to the voltage between the cathode and last
anode of the c.r. tube.

Deflection of the o.r. tube beam by a saw-tooth voltage applied
to one deflecting plate results in a variation of the mean potential
difference between the last anode and the deflecting plate. This
varies the speed of the electrons in the beam, causing them to travel
faster when the deflecting voltage is increasing positively and to
travel slower when the latter is decreasing negatively. When the
electrons are travelling faster, they are under the influence of
a deflecting field from a plate at right angles to the first plate for
a shorter time, and the beam deflection due to the second plate
voltage is therefore becoming less when the first plate voltage is
rising positively. This results in trapezium distortion of the picture.
It can be overcome by using push-pull deflection to both pairs of
plates ; the mean voltage between the plates and last anode is zero
because a positive voltage on one is counterbalanced by a negative
on the other.

An example of a push-pull deflection amplifier is shown in
Fig. 16.26. For a satisfactory linear saw-tooth with rapid flyback,
the amplifiers should have small attenuation and phase distortion
up to at least the 10th harmonic of the saw-tooth fundamental
frequency ; this is adequate for a 109, flyback time, but there
is slight distortion of the last 109, of the forward stroke. If
the frequency range is extended to the 15th harmonic, the saw-
tooth voltage is practically linear. Reversal of phase of the
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input voltage for the second valve V, is obtained from the output
voltage of V,, stepped down in the frame amplifier by the potential

divider action of R, and R,. The ratio

-R7 . . t 1
B LR, i approximately
equal to the stage gain of V,. A resistance potential divider is not
satisfactory for the line deflection amplifier because the input
capacitance of V, (including the Miller effect of anode-grid capaci-
tance) has a comparatively low reactance. R, is therefore replaced
by a variable capacitance, which forms a potential divider with the
input capacitance of V,. R, is fixed and has a value much greater
than the grid input reactance of V¥, Other possible methods of
achieving phase reversal are discussed in Section 10.8.2.

In the frame deflecting amplifier C; and C; are often omitted,
because unless they are made very large they cause attenuation

o H T+
1L
L
)
c >
il:l )
R, Rg
R
2 11
o ’ 4 —O M.~

Fig. 16.26.—A Push-Pull Amplifier for Electrostatic Deflection of the
Cathode Ray Beam.

and phase distortion of the lower frequency components of the
saw-tooth. A larger anode load resistance is permissible in the
frame than in the line amplifier since the reactance of stray capaci-
tance is much greater at the frame frequencies, and this helps to
reduce the loss of amplification due to the unby-passed cathode bias
resistances R; and R,,. If the valves ¥, and V, are accurately
matched a common bias resistance can be employed and the
degenerative cathode voltages then cancel each other. Some
improvement in the wave shape (distorted by attenuation and phase
shift of the higher frequency components due to stray capacitance)
of the line deflecting voltage can be secured by applying a combina-
tion of saw-tooth and pulse input voltage. This is achieved by
inserting the resistance R, in series with the charge capacitance C,.
Typical component values for the frame and line amplifier are listed
on page 458.
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Component C, C, Cs C, Cs Cs
Frame . 05uP 0-25uF 0 0-1 uF 0 0-1 uF
Line . 0003uF 001LuF 01uF 0002uF O01uF 0-002 uF
All capacitances except C; and C; should be 1,000-volt working.
Component R, R, R, R, R, Rg
Frame . 0 2MQ 500 2 0-2 MQ 10,000 2 4 MQ2
Line . . 4000 1 MQ 500 Q 01 M2 5,000 2 —
Component R, Ry R, R R,
Frame . 1 MQ (var.) 500 Q 0-2MQ 10,000 5 MQ
Line . . 1 MQ (fixed) 500 Q 0-1 MQ 5,000 5 MQ

In the line deflecting amplifier B, is replaced by a variable capaci-
tance of 10 uuF, and a resistance of 5 M2 is included from the top
deflecting plate to earth. The H.T. voltage required is 1,200 to
1,500 volts.

Step-up transformer coupling with a centre-tapped secondary
may be used instead of push-pull r.c. coupling. The important
point to observe is that the primary reactance of the frame trans-
former must be large compared with the valve slope resistance, in
order that reactance variation with frequency shall have little
effect. Leakage inductance and stray capacitance are the chief
factors in the line deflection transformer, and primary to secondary
coupling must be high and stray capacitance low.

16.11.3. Electromagnetic Deflection. Magnetic deflection of
the o.r. tube beam is directly proportional to the length (in the beam
axis direction) of the magnetic field, the distance from the coil to
the screen and the flux density of the field ; it is inversely pro-
portional to the square root of the voltage between the cathode
and last anode of the c.r. tube. Two pairs of coils are used at right
angles to each other on the neck of the tube. The coils, of saddle
shape, are surrounded by a magnetic yoke of C typelaminations as
shown in Fig. 16.27. The saddle shape of coil gives a field of
maximum intensity with uniform distribution at right angles to the
coil. A non-uniform field leads to ‘‘ barrel” or * pincushion ”
distortion 2 of the picture with convex or concave edges. The
electron travels in a direction perpendicular to the magnetic field,
and either convex or concave field shape is obtained according to
the way in which the magnetic lines of force are bent : step-down
transformer coupling is employed from the valve to the coils as
this prevents permanent deflection of the beam by the valve anode
current, and also allows the inductance of the line deflecting coil to
be smaller, with consequent reduction of the induced voltage on
the flyback. It is easier to insulate the primary of a transformer
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against high voltages than a deflecting coil. A low inductance
deflecting coil of larger gauge wire is also stronger mechanically
than a coil of many turns of fine wire. For maximum deflection
the coil should be as long as possible, but it must not be made so
long that the beam strikes the neck of the o.Rr. tube before reaching
the full extent of its travel on the screen. Beam cut-off is overcome
by reducing the coil length from the cathode end of the tube, if
the other end of the coil is touching the flare. An average value
for coil length is 13 ins. The line and frame coils, mounted one
above the other, are surrounded by a yoke of magnetic material
which concentrates and makes the field more uniform. The yoke,
which may be circular 17 or square in section, consists of laminations
held in a frame (this is omitted in Fig. 16.27). An air gap of § in.
to } in. is often included between the two halves of a C-type core.

Air Gap

Laminated
Tron Shell

Frame
Deflecting
Coils

Line
Deflecting
Coils

Fia. 16.27.—Coil Shape for Electromagnetic Deflection of the Cathode
Ray Beam.

Each coil is wound on a special former 22 to give the saddle shape.
Generally the separate layers are rectangular in shape and the turns
decrease in size from the outside to the inside of the layer. The
number of turns in each of the two line deflecting coils is of the order
of 100 to 150 and in each of the frame coils 500 to 800. Adjacent
ends of the line and frame deflecting coils are separated by about } in.

The deflection amplifier may have either a tetrode or a triode
valve. The tetrode has the advantage of requiring a much smaller
input voltage for a given output current change, but the triode gives
less distortion ; however, distortion from the tetrode can be reduced
by applying negative feedback. A triode valve (or tetrode with
screen and anode joined) is often used in the frame amplifier, and
a tetrode in the line amplifier. A typical line deflection amplifier
is shown in Fig. 16.28. A combination of saw-tooth and pulse input
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voltage is required to produce a saw-tooth current through the
deflecting coils. The valve is a high g, tetrode having a normal
D.c. dissipative power at the anode of 15 to 20 watts. A resistance
B; (1,000 2) is included close to the grid pin of the valve to act
as a suppressor of parasitic oscillations, to which high g,, valves
are liable. The total B.T. voltage is about 320 volts, but the screen
voltage is limited to a maximum of 250 volts by the resistance
R, (5,000 2) ; the decoupling capacitance Cy is 0-1 yF. Decoupling
of the amplifier from the m.T. supply is provided by R, (250 2
variable) and R, (500 2) in series together with the capacitance
C, (16 uF). The variable resistance R, varies the screen and anode
voltage of the tetrode, and so controls the amplitude of the line
deflecting current, i.e., it varies the width of the picture. The self-
bias circuit consists of R, (about 150 Q) and C, (25 uF). The

oH.T+

Contro/

Lrnearity Control

Deflecting
i Coils
o—|

Combination
of Pulse amn R

Sawtooth ? 1 CTCT

tha‘ge 21 L3 If o HT~

Cy

Fia. 16.28.—A Typical Line Deflection Amplifier for Electromagnetic
Deflection of the Cathode Ray Beam.

output transformer has a step-down ratio of about 8 to 1, the
primary inductance should be about ten times the reflected induct-
ance due to the deflecting coils, in order that transformer volt-
ampere efficiency may be high. Referred to the secondary side,
this means that the ratio of secondary to deflecting coil inductance
should be 10 to 1. Considerations of leakage inductance and
winding capacitance (both are increased by using a large primary
inductance, and cause loss of efficiency as well as distortion of the
saw-tooth current) generally dictate a lower ratio, of the order of
5 to 1. Across the secondary is included a special circuit to limit
the inverse voltage induced by the rapid change of current during
the flyback period. The component values of this absorber circuit
are R, = 5,000 2, C; = 0-:005 uF. Part of B, may be variable in
order to assist linearization of the saw-tooth current as it approaches
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the flyback point. Centring of the picture can be achieved by
means of the centre-tapped potential divider R, (20 2) in the main
H.T. supply to the deflecting amplifier. It is not absolutely essential
with magnetic focusing because the picture can be centred by
movement of the focus coil.

The frame amplifier circuit may be similar to that shown in
Fig. 16.28. Decoupling capacitances need to be much greater than
those for the line amplifier, for example, C, should be about 32 uF,
C; 16 uF and C, 100 yF. The C R, absorber circuit is no longer
required since the rate of change of current on the flyback is much
slower than for the line, and the inverse induced voltage is therefore
very much less. To prevent excessive peak currents in the valve
due to the reduced load reactance at the frame frequency, the
frame deflecting coils have a higher inductance than the line (about
fifty times as large) and a higher step-down ratio (12 to 1) is
employed. A valve having a higher anode p.c. dissipative power
is generally necessary to accommodate the higher peak currents due
to the lower load reactance. A triode or tetrode with screen and
anode joined together may be used, but this introduces only minor
changes in ecircuit detail, e.g., B; and C; are no longer required.

16.12. Power Supplies and Focusing of the C.R. Tube.3

16.12.1. Introduction.!’®* The =.T. supply to the vision
receiver, scanning generators and deflection amplifier can be obtained
from the same power unit. The latter needs no special comment
since it has a comparatively low output voltage (about 400 volts
across the reservoir capacitance), and its design follows the lines
set out in Chapter 11. The rectifier and smoothing choke must be
capable of handling a current of 150 to 200 mA, and great care
must be exercised to ensure adequate smoothing and decoupling,
because scanning generator and deflection amplifier current changes
are large. These are liable to interact upon each other and the
vision amplifier if decoupling is insufficient ; furthermore, hum
voltages in the H.T. supply tend to cause erratic interlacing.

The c.r. tube requires a high-voltage H.T. supply (5,000 volts),
but the load current is small, being little more than that taken by
the potential divider providing the various auxiliary anode voltages.
Consequently a resistance-capacitance filter can be employed for
smoothing purposes. The number of auxiliary anodes (other than
the last) is governed by the type of focusing ; electrostatic focusing
generally needs two, whilst none is required with magnetic focusing.

Electrostatic focusing has the advantage that temperature
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changes have negligible effect and hardly any adjustment is entailed
after the initial setting. On the other hand, it concentrates negative
ions as well as electrons, causing ion burn unless electrostatic
deflection is used. Extra decoupling capacitances and resistances
are needed in the potential divider supplying the auxiliary anodes.
Centring is only possible by means of a shift potential on the deflect-
ing plates or a shift current through the deflecting coils.

Magnetic focusing has the advantage of giving a much higher
beam current with less negative ion concentration than electro-
static focusing, and a much brighter picture results. Another
advantage is that movement of the focus coil controls the centring
of the picture and obviates the necessity for shift voltages or
currents. Its chief disadvantages are that the focus coil takes
power and that focus tends to drift from the cold to normal
running condition due to a change in coil resistance.

16.12.2. Electrostatic Focusing and the C.R. Tube Power
Supply. An example of the c.r. tube power supply for an electro-
statically focused tube is shown in Fig. 16.29. The a.c. supply
voltage is obtained from a 4,000-volt (r.M.S.) secondary winding,
and half-wave rectification is used because it is very suitable for

R
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. Control PR,
Mains =
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Fic. 16.29.—A Power Supply Circuit for a Cathode Ray Tube having
Electrostatic Focusing and Deflection.

high voltage low current p.c. outputs. The anode of the rectifier
is connected to one side of the secondary winding, and the cathode
to the m.T. positive lead of the ».c. supply ; hence the maximum
voltage between the heater winding to earth is the peak a.c. voltage
output of the high voltage secondary winding. If the cathode of
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the rectifier is connected to the high-voltage winding, both heater
winding and heater end of the high-voltage winding must be
capable of withstanding nearly twice the peak a.c. voltage to earth,
viz., 11,000 volts, because on the negative half-cycle the maximum
voltage from heater winding to earth is the sum of the peak a.c.
voltage across the high-voltage secondary and the p.c. voltage
across the reservoir capacitance ;. The c.r. tube has three anodes,
A,, A, and 4,, requiring approximately 400, 1,500 and 5,000 volts
respectively to cathode. A; is connected to the junction of R,
and R, across which are connected the shift potential dividers,
Ry and R,;, for one of each pair of deflecting plates. The latter
are connected to the push-pull deflection amplifier by capacitances,
which must be capable of withstanding 7,000 volts. A resistance,
R, (0-1 MQ), is inserted between A, and the supply to limit current
in the event of a short circuit of 4, to earth. R; controls the
voltage applied to A, and provides focus adjustment. R, varies
the cathode bias and so controls the average brightness of the
picture. The vision input is applied between the c.r. tube grid
and earth.

The values of the resistances and capacitances (the voltages in
brackets indicate the required working values for the capacitances)
in the potential divider for the anode voltages are listed below ; the
former are calculated on the assumption that the o.r. tube electrode
currents are negligible.

Component R, R, Ry R, R, R, R, R,
Value (MQ) 05 0-5 0-5 2 0-5 (var.) 0-25 0-25 0-01
Component By Ry, Ry R,, R,; R, R, R,
Value (MQ2) 0-1 (var.) 0-5 (var.) 0-5 (var.) 5 0-1 5 5

Component C, C, Cy C, Cg Ce
Value (uF) 0-1(7,000) 1(500) 1(2,500) 1(1,500) 1(500) 4 (250)

When wiring the high voltage power supply, leads should be
well spaced from each other and earth, and high voltage cable
should be used for the output leads to 4,, 4, and the deflector
plates. It is advisable to include a safety switch attached to the
back of the receiver so that C, is automatically short-circuited when
the back is removed for inspection purposes.

16.12.3. Magnetic Focusing and the C.R. Tube Power
Supply.?t The H.T. supply to the c.r. tube is greatly simplified
by employing magnetic focusing. Only one anode (this may be
provided by a graphite coating on the inside of the bulb) is required,
or if two are used the first is at a low voltage (300 to 400 volts),
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which can be obtained from the low voltage H.T. supply. A resist-
ance shunt R; is shown across the reservoir capacitance C, in
Fig. 16.30, as it provides cathode bias through R, and R, for the
tube, and also discharges C, after the receiver has been switched off.
R, has a value of about 10 MQ2, R, 20,000 Q2 and R, 0-256 MQ, C, is
0-1 uF (7,000-volt) and C, is 4 uF (250-volt). A safety resistance
R, (0-1 MQ) is inserted in series with the lead to the anode, which
is formed by a conducting graphite coating inside the ¢.r. tube.
Additional resistance-capacitance smoothing is not required, partly
because the load current and the ripple voltage across C, are so
small, and partly because hum voltages on the last anode have
much less effect than on intermediate anodes. If the shunt resist-
ance R, is not included, cathode bias can be derived from the low
voltage H.T. supply. The vision input is applied across R,.

Mains
Supply

Deflector

1L
1)
Q

Brightness
ontrof

F16. 16.30.—A Power Supply Circuit for a Cathode Ray Tube having
Electromagnetic Focusing and Deflection.

Magnetic focusing may be provided by & permanent magnet
with a variable shunt or by a coil wrapped round the tube so that
its axis coincides with that of the beam. The former is seldom
used because it is more costly and less easy to adjust. The focus
coil may have a low resistance and be placed in series with the low
voltage supply, or it may have a high resistance and be placed
across it. The former is preferable because it is easier to construct,
is more robust, and is less liable to current change from the cold to
normal operating condition. The coil is connected in series with the
H.T. supply to the scanning generators and deflection amplifiers ; the
current from the vision receiver should not be included because it
varies when gain adjustments are made. It is shunted by a fixed
and variable resistance in series, the latter providing focus control.
A soft iron shell with an air gap normally encloses the coil so as to
produce a uniform concentrated magnetic field ; Fig. 16.31 is an
example of the type of construction. The soft-iron shell, made in
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two halves which slide over the coil as shown, has an external
diameter of about 4 ins. and is about 1% ins. deep. The air-gapis
1 cm. (approximately 0-4 in.) long and about 600 ampere-turns are
required for focusing. Centring of the picture can be achieved by

Flare End Air Gap
Coil Formenr

Focus Coil
Soft Iron
Shell

Base End
F1e. 16.31.—An Example of a Magnetic Focusing Coil.

altering the position of the coil, which may be mounted on gimbals
and provided with adjusting and locking screws.

Magnetic fields from the mains transformer can affect c.r. tube
and scanning generators, and the transformer must be located as far
as possible from this part of the equipment, if necessary, being
orientated so as to produce minimum field interference. For the
same reason the flux density of the transformer core should not be
allowed to exceed 50,000 lines per sq. in. Owing to the power
supplied by the transformer and the rectifier units adequate ventila-
tion is absolutely necessary. The actual voltage required of the
high voltage secondary can be reduced by connecting its negative
lead to the positive of the low voltage supply, cathode bias for the
¢.R. tube being obtained from the low voltage supply.
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APPENDIX 3a*
THEVENIN’S THEOREM

A mosT important and useful theorem in the analysis of circuits is
that enunciated by Thévenin. It states that if an impedance is
connected between any two points in a network consisting of linear
impedances, the resulting (steady state) current through the
impedance is the ratio of the open circuit voltage across the two
points (before the impedance is connected) to the sum of the
connecting impedance and the impedance of the network looking
in from the two points. Taking the valve equivalent circuit of

s

Fra. 3a.1.—A Valve Generator Circuit  Fie. 34.2.—The Thévenin Equivalont of
supplying a Resistance and Imped- Fig. 3a.1.
ance in Parallel.

Fig. 3a.1, it means that the equivalent generator has a generated

voltage of IgE_Ig_ 1;1 and an internal impedance of R, and R, in parallel

as shown in Fig. 3a.2.
Ka

-, RyRy
— : T =T RE,

| Ra* %33R,

Fi1c. 3a.3.—A more Complicated Valve  Fi@. 3a.4.—The Thévenin Equivalent of
Generator Circuit. Fiec. 3a.3.

* Appendix 1A and 2a appear in Part 1.
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The proof is as follows:

For Fig. 3a.1
E -RIZO
B — 3 "R.+2Z, _ /-‘EgRlzo
0o R+ R,Z, R B,+Z)+R,Z,
¢ Ri+7Z,
and for Fig. 34.2
uli R, 7,
B, — R,+R, _ uE,R Z,
_BBy |, BB+ Z(R, R
R,+ R,

which is identical with the result obtained from direct analysis.

The same method may be used to show that the two circuits
given in Figs. 34.3 and 3a.4 produce the same result as far as the
output voltage across, and current in, Z, are concerned.



INDEX

Class A amplification :
, introduction, 56
push-pull stage, 84
single valve stage, 57
A.C./D.c. conversion efficiency of
power output valves :
fixed A.c. input voltage, 57
fixed D.c. anode voltage and cur-
rent, 59
fixed ».c. anode voltage, no limita-
tions on D.c. anode current or
A.c. input voltage, 58
fixed p.c. dissipation loss, minimum
anode voltage and current, 63
fixed p.c. dissipation loss, no limi-
tation on b.c. anode voltage, 62
A.C./D.C. receiver power supply, and
heater connections, 172
Acoustic frequency response, 285, 289
Acoustic measurements on receivers :
frequency response, 289
hum, 291
output and distortion factor, 292
sensitivity, 290
A.C. receiver power supply, 133
Acoustic tests on receivers :
distortion factor, 292
free space conditions
approximation, 286
frequency response, 285, 289
hum, 291
intensity level, 285
loudness level, 285
overall sensitivity, 286, 290
total harmonic content, 286
Additional apparatus for acoustic
tests on receiver, 286
Adjustments to receiver for overall
performance tests, 269
Aerial circuit of—
F.M. receiver :
design of, 309
noise in, 304
television receiver:
design of, 373
dipole aerial and reflector for, 369
noise in, 374
reflections in, 369
Aerial, dummy, see Standard
Aerial, frame, pick-up coil for re-
ceiver tests, 267

and its

Aerial, standard, for receiver, 267
Air gap inductance design :
large A.c. flux density, 170
small A.c. flux density, 170
Amplification factor of a valve, 8
Amplification at medium frequencies
of A.F¥. amplifier, 8
Amplification, loss of, due to—
cathode self-bias circuit, 19
coupling capacitance, 9
stray capacitance, 10
Amplitude compression and r.M., 300
Amplitude discriminator for—
A.F.C. control :
conditions of maximum sensi-
tivity, 227
curves for, 225, 228
design of, 231
frequency-to-amplitude
sion :
conditions for maximum linear-
ity, 337, 344
curves for, 338, 346
design of, 339, 347
Amplitude discriminator, types of :
double tuned circuits, 226
single tuned circuits, 234
Amplitude limiter for ¥.M. receiver :
A.M. neutralizing limiter, 333
negative feedback limiter, 332
saturated amplifier limiter, 329
Analyser, harmonic, 269
Anode decoupling circuit :
compensation of cathode self-bias
response by, 28
frequency response due to, 27
loss of amplification due to, 25
Apparatus for receiver measurements
of—
acoustic performance, 286
electrical performance, 266
Attenuation distortion :
calculation of, in output trans-
former, 102
definition of, 2
effect onaudio frequency response, 2
effect on television reception, 367
Audio frequency amplifiers :
characteristics required of, 1
distortion in :
amplitude, 3

conver-
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Audio frequency amplifiers—conid.
distortion in—contd.
attenuation, 2
intermodulation, 79
phase, 6
transient, 6
RC coupled types :
high frequency response of, 13
low frequency response of, 11
medium frequency amplification
of, 13
R.C. transformer coupling, 38
transformer coupled type :
high frequency response of, 35
low frequency response of, 33
medium frequency amplification
of, 33
Audio signal 1.¥. rejector circuits for
television receiver :
attenuation characteristics of, 402
types of :
cathode feedback method, 410
parallel resonant absorber, 399
parallel resonant circuit—capaci-
tance potential divider, 406
series-parallel resonant circuit,
409
series resonant circuit, 408
series resonant coupling, 410
vision pass-band, effect on, 402
Automatic frequency correction :
estimation of overall performance,
260
the error corrector or variable
reactance device, 245
the frequency discriminator or
error detector, 224
Automatic gain control :
applied to F.M. reception, 332
applied to television reception,
417
audio frequency :
with decreasing amplification,
compression, 208
with increasing amplification,
contrast expansion, 209
principle of operation, 180
radio frequency :
amplified :
anode bend amplified, 198
combined Rr.¥. and A.F. ampli-
fied, 193
D.c. amplified, 195
R.F. amplified, 193
distortion due to, 189

INDEX

Automatic gain control—contd.
radio frequency—conid.
filter for :
distortion due to, 191
parallel type, 200
series type, 200
time constant of, 201
methods of obtaining bias volt-
age, 181
non-amplified :
biased diode, 186
unbiased diode, 182
performance, calculation of, 184
Automatic selectivity, measurement
of, 274
Automatic tuning control, see Auto-
matic frequency correction

, Class B, push-pull :
positive drive, 95
quiescent, 92
Balanced feedback :
advantages of, 120
methods of, 122
principles of, 121
Band elimination A.r. filter, 52
Band-pass tone control, 50
Beat frequency oscillator for re-
ceiver measurements, 269
Bessel coefficient amplitudes of v.m.
carrier and sidebands, 295
Bias, self, for A.F. amplifier, 19
Blocking oscillator scanning genera-
tor for television, 450
Bridge m.T. rectifier, 143
Bridge negative feedback :
amplification with, 117
equivalent generator

impedance
for, 117

Capacitance coupling in A.F. ampli-
fier, 6
Capacitance coupling, anode-grid in
R.F. amplifier, 305
Capacitance stray, effect in—
A.¥. amplifier, 11
R.¥. amplifier, 315, 325
v.¥. television amplifier, 421
Cathode follower stage :
amplification of, 118
characteristics of, 119
driver for Class B positive drive, 96
equivalent generator impedance of,
118
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Class A push-pull amplification, 84
Class AB positive drive amplification,
97
Class B—
positive drive, 95
quiescent push-pull, 94
Colpitts oscillator for short waves,
319
Complex anode load impedance and
distortion, 73
Composite anode current-anode volt-
age curves for—
Class A push-pull output stages,
90
Class B push-pull output stages,
92
Compression of frequency deviation
in ¥.M. receiver :
advantages of, 354
methods of,
F.M. of receiver oscillator, 354
frequency division, 355
submultiple locked oscillator, 357
Contrast expansion, 209
Control, automatic gain, see Auto-
matic gain control
Counter type r.m. detector, 352
Cross-modulation in ¥.M. receiver, 320
Current distortion in output trans-
former, curves for different b.c.
polarizing voltages, 108
Current negative feedback :
amplification of, 116
characteristics of, 116
equivalent generator impedance of,
116

.c. component restoration in
television reception, 436
Decoupling circuit for A.¥. amplifier

in—
anode, 25
screen, 22
De-emphasis in ¥.M. reception, 299
Definition in television reception, 361
Deflecting circuits of ¢.r. tube in
television reception :
electromagnetic :
frame, 461
line, 460
output transformer for, 460
type of coil for, 459
electrostatic :
frame, 457
line, 457
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Deflecting circuits for c.r. tube in
television reception—contd.
electrostatic—contd.
push-pull, 457
Deflection methods for c.r. tube in
television reception :
distortion, barrel and pincushion,
458
electromagnetic, 455
electrostatic :
distortion, trapezium in, 456
voltage wave shapes for, 456
voltage and current wave shapes
for, 455
Demodulation of carrier, 272, 276
Detection in television reception :
efficiency of, 411
types of, 411
Detector stage in television reception :
filter circuit for :
attenuation distortion in, 416
design of, 412
phase distortion in, 417
reflection losses in, 415
types of,
anode bend, 419
full wave, 411
half wave, 411
voltage doubler, 411
Diode rectifier :
calculation of performance :
capacitive load, 146
inductive load, 154
resistance load, 145
conduction current characteristic,
147
high vacuum type, 144
inverse voltage of, 144
mercury vapour type, 145
rectification efficiency, 145
Direct reading harmonic scales for—
second harmonic, 69
third harmonic, 72
Discriminator for—
AF.C.:
amplitude, 225
phase, 235
frequency to amplitude converter
in ¥.M. reception :
amplitude, 337
phase, 340
Distortion factor, 286
Distortion factor meter, 286
Distortion, join-up in Class B ampli-
fiers, 94
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Distortion, measurement of indivi-
dual harmonic amplitudes, 77,
269
Distortion, measurements
receiver, 279
Distortion in—
audio frequency amplifiers :
attenuation, 2
harmonie, 3
phase, 6
transient, 6
direct reading scales for, 69, 72
intermodulation, 79
join-up distortion in Class B
stages, 94
measurement of, 76
output transformer :
core material distortion factor,
108
current distortion ratio, 108
power output stages :
calculation of :
second harmonie, 68
third harmonic, 71
fourth harmonie, 71
push-pull stages, 84
television reception :
attenuation, 367
harmonic, 367
phase, 368
transient, 367, 420
Divider compressor for ¥.M. recep-
tion, 355
Doubler, voltage, rectifier, 144
Double wave rectifier, see Full wave.
Driver stage for Class B push-pull
positive drive, 95
Dummy aerial, see Standard aerial

of, for

Eddy current tuning, 307
Electrical measurements on a
receiver, 269
Electromagnetic deflection of c.R.
tube in television reception :
distortion, barrel and pincushion,
458
frame amplifier, 461
line amplifier, 460
type of coils for, 459
voltage and current wave shape
for, 455
Electromagnetic focusing for tele-
vision C.R. tube, 463
Electron coupled oscillator, 319

INDEX

Electrostatic deflection of c.r. tube
in television reception :
distortion, trapezium, 456
frame amplifier, 457
line amphfier, 457
voltage wave shape for, 455
Electrostatic focusing for television
C.R. tube, 462
Equivalent valve load impedance in
push-pull stages, 91

Feedback :
application to output stage,
124
curves for, 126
negative :
instability in negative feedback
amplifiers, 122
reduction of distortion by, 113
reduction of gain by, 113
reduction of noise by, 118
two stage circuits, 128
types of :
balanced, 120
bridge, 117
current, 116
voltage, 114
Fidelity of receiver, 265
Filter a.a.0. :
parallel, 200
series, 200
Filter inductance with agir gap,
design of, 164
Filter, rectifier ripple :
attenuation characteristics for 50
c.p.s., 161
tuned. type, 162
Flicker in television, 361
Focusing of o.r. tube in television
receiver :
electromagnetic :
advantages and disadvantages,
462
centring of picture by means of,
465
H.T. supply for, 464
method of producing, 464
electrostatie :
advantages and disadvantages,
461
m.1. supply for, 462
method of producing, 462
Frame scanning generator for tele-
vision reception, 447, 449, 453
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Free space conditions for receiver
measurement, 286
Frequency-amplitude conversion in
F.M. reception :
amplitude discriminator, 335
counter detector, 352
hexode converter, 353
integrator, 349
phase discriminator, 340
Frequency changer interference
effects in—
F.M. reception, 320
television reception, 391
Frequency changer stage in—
F.M. reception, 315
television reception :
design of aerial connection to,
386
input resistance of, 389
signal-to-noise ratio for, 385
types of frequency changer
valve, 384
Frequency correction, automatie :
estimation of overall performance,
260
measurement of, 285
Frequency deviation measurement in
¥.M. transmission, 295
F.M. compression in receiver by-—
frequency division, 355
frequency modulation of local
oscillator, 354
submultiple locked oscillator, 357
F.M. detector, see Frequency-ampli-
tude converter
F.M. receiver, schematic diagram of,
302
F.M. reception :
advantages and disadvantages, 296
aerial input for, 303
amplitude compression, 300
amplitude limiter for, 328
frequency-amplitude converter,
334
frequency changer for, 315
intermediate frequency amplifica-
tion for, 320
R.F. amplification for, 303
service area, 301
signal-to-noise ratio, 300
Frequency response of—
AF. amplifier :
anode circuit, 6
anode decoupling circuit, 25
screen decoupling circuit, 22
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Frequency response of—conid.
A.F. self bias, 19
®.F. amplifier for—
F.M. reception, 311
television. reception, 371
Full wave .7, rectifier, 133

Ga,in control, automatic :
amplified :
anode bend, 198
combined R.F. and A.F. amplified,
193
D.c. amplified, 195
R.F. amplified, 193
audio frequency :
with decreasing amplification,
208
with
209
calculation of performance, 183
dual, 202
filter for, 198
methods of obtaining bias voltage,
181
non-amplified :
biased or delayed diode, 186
distortion due to biased diode,
189
unbiased diode, 182
principle of operation, 180
quiet or noise suppressed, 202
using A.F. detector, 191
Gas-filled relay scanning generator
for television, 447
Generalised curves for—
A.F. amplifier :
high frequency response, 13
low frequency response, 11
self bias, 22
tone control, 46, 49, 54
frequency and phase response in
television—
R.F. amplifier, 377
v.F. amplifier :
high frequency end of range :
combined shunt and series
peaking circuit, 427, 428
series peaking circuit, 427,
428
shunt peaking circuit, 424,
425
Grid bias supplies :
potential divider type, 172
self bias, 172

increasing amplification,
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Grid leak and its effect on the anode
load of aA.r. amplifier, 18

Half wave rectifier :
efficiency of, 149
general performance of, 147
maximum conduction current—
D.C. current ratio, 153
R.M.S. fundamental current—b.c.
current ratio, 153
Harmonic analyser, 77, 269
Harmonic distortion in :
A.¥. amplifiers, 3
television reception, 367
Heater connections for
receiver, 173
Heterodyne whistle interference sup-
pression, 52
Hum :
loudness level, 292
measurements of, in receiver, 281,
291
modulation in—
frequency changer, 173
L.¥. and R.¥. valves, 173
oscillator, 317
rectifier of A.c./D.cC. receiver, 174

A.C./D.C.

Iconoscope :
deseription of, 361
principles of, 361
Image signal measurements, 283
Impedance :
complex anode load, and distor-
tion, 73
equivalent valve load, in push-pull
stages, 91, 93
linear, 5
non-linear, 5
Incremental permeability, 165
Inductance tuning, 307
Inductance with air gap, design of,
164
Input transformer for Class B positive
drive, 96
Input voltage, standard, for receiver,
264
Integrating ¥.M. detector :
hexode, 352
multivibrator, 349
regenerator, 350
squegger, 351

INDEX

Interchannel noise suppression :
biased A.F. amplifier, 205
biased detector, 203
variable capacitance across detec-
tor load resistance, 204
Interlaced scanning in television
reception, 361
Intermediate frequency amplifier
for—
F.M. receiver :
choice of frequency, 320
design of, 323
instability in, 322
overall amplification of, 328
television receiver :
audio signal filter circuits, 399
choice of frequency, 391
coupling types, 392
design of, 395
overall amplification of, 397
phase distortion in, 397
Intermodulation in—
A.F. amplifiers, 4
power output stages,
effect of, 82
measurement of, 83
Inverted A.F. output, 272

Joi_n-up distortion in Class B

amplifiers, 94

|< , constant K filters in television
amplifiers, 412

Limiter :
amplitude, in ¥.M. receiver,
298, 328
noise, 206
Line scanning generator in television
reception, 448, 450, 453
Loudness level, 285
Loudspeaker field coil as H.T. power
supply filter, 134
Loudspeaker speech coil impedance,
74
Low frequency attenuation tone
control, 47
Low frequency intensification tone
control, 48
Low frequency response in—
A.F. amplifiers, 9
v.¥. amplifiers for television, 431
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Mains transformer :
design of, 135
effect of leakage inductance, 140
electrical stress in, 135
equivalent circuit for, 134
losses in, 138
no-load and full-load conditions,
139
temperature rise on full-load, 141
winding distribution, 136
Maximum amplification of—
tetrode A.F. amplifier, 14
triode A.F. amplifier, 13
v.F. stage in television, 423, 425,
430
Measurement of receiver overall per-
formance, 264
Modulation envelope distortion due
to A.g.c., 180, 189
Modulation hum, 173, 281
Modulation index, 295
Monkey chatter distortion, 272
Motor-boating in A.r. amplifiers, 25
Multivibrator scanning generator for
television reception, 449

Nee-dle scrateh filter, 52
Negative feedback :
application to output stage, 124
application to two stages, 128
due to self bias, 19
instability in, 122
properties of, 113
reduction of distortion by, 113
reduction of noise by, 113
types of :
balanced, 120
bridge, 117
current, 116
voltage, 114
Noise in r.M. reception :
impulse, 299
phase modulation by, 298
thermal and shot, 297
Noise limiters, 206
Noise measurements on a receiver,
280
Noise suppression, interchannel, see
Interchannel noise suppression
Noise, thermal and shot, calculation
of, for—
aerial, 312
frequency changer, 384
R.¥. amplifier, 374
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Oscill&tor frequency drift meas-
urements, 284
Oscillator frequency variations—
due to heater voltage, 318
due to temperature, 317
due to valve, 318
reduction of, 317
types of, 317
Oscillator harmonic
measurements of, 284
Oscillator stage of—
F.M, receiver :
design of, 319
stability of, 317
undesirable modulation of , 317
television receiver :
design of, 391
stability of, 390
types of circuit for, 390
Output meter, 268
Output power, standard, for receiver
measurements, 265

responses,

araphase push-pull, 87
Parasitic oscillation in Class B
stages, 95
Pass-band width for F.M. reception,
302
Permeability, ineremental, 165
Phase discriminator for—
AF.C.:
adjustment of, 244
design of, 241
optimum conditions for, 237
vector diagram for, 238
frequency-to-amplitude conversion
in ¥.M. reception :
adjustment of, 348
characteristic curves for, 346
design of, 347
effect of mutual inductance, 349
effect of primary and secondary
mistuning, 348
Phase distortion in :
A.¥. amplification, 6
television reception :
general effect of, 368
in detector stage, 417
in 1.F. amplifier, 397
in R.F. amplifier, 373
in v.¥. amplifier, 425, 427, 430
Phon, unit of loudness, 285
Positive drive, Class B, 95
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Power handling capacity of output
transformer, 111
Power output :
calculation of, 66
conditions for maximum, 56
measurement of, at—
mains frequency, 76
400 c.p.s., 77
Power output, maximum, grid cur-
rent and distortion zero :
fixed a.c. input voltage, 57
fixed ».c. anode voltage and cur-
rent, 59
fixed ».c. anode voltage, no limi-
tations on D.c. anode current or
A.c. input voltage, 58
fixed p.c. dissipation loss, fixed
minimum anode voltage and
current, 63
fixed ».c. dissipation loss, no limit-
ations on b.c. anode voltage, 62
Power output stages, 56
Power sensitivity, 65
Power supply for—
A.C./D.C. receiver, 172
A.C. receiver, 133
television c.r. tube, 461
Power supply from vibrator, 174
Pre-emphasis in F.M. transmission,
299
Pull-in frequency in A.F.0., 225
Push-button tuning by—
electrical rotation of tuning capa-
citor, 215
mechanical rotation of tuning capa-
citor, 215
preset tuned circuits, 217
Push-pull input voltage, methods of
obtaining, 86
Push-pull operation :
advantages of, 84
driver stage for Class B positive
drive, 95
methods of producing, 86
types of :
Class A, 89
Class AB positive drive, 97
Class B :
positive drive, 94
quiescent, 95
Push-pull output transformer design,
102
Push-pull stages :
cancellation of even harmonic dis-
tortion, 85

INDEX

Push-pull stages—contd.

cancellaticn of hum and inter-
ference from H.T. supply, 85

composite curves for, 90, 92, 93

distortion in, 85

equivalent load impedance for, 91

uadrupler voltage rectifier, 159
Quality :

good commercial, 84

high, 84

objectionable, 84
Quality and—

harmonic distortion, 80

restriction of frequency response, 79
Quiescent push-pull, 94

RC’ coupled A.¥. amplifier, 6
RO transformer coupled A.¥.
amplifier, 38
Reactance control for A.F.c..
limited characteristic, 262
types of :
motor operated, 245
polarized capacitor, 246
polarized inductor, 247
valve, 248
unlimited characteristic, 262
Reactance valve for A.F.c. :
performance of, over—
long wave range, 257
medium wave range, 254
short wave range, 257
types of :
capacitive, 253
inductive, 253
Receiver overall performance, meas-
urements of :
acoustical :
distortion factor, 286
free space conditions, 286
frequency response, 285
hum, 291
intensity level, 285
loudness level, 285
overall sensitivity, 286
total harmonic content, 286
electrical :
adjustments for, 269
A.F.C. characteristics, 285
A.G.c. characteristic, 282
distortion, 279
fidelity or frequency response, 278
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Receiver overall performance, meas-
urements of—conid.
electrical—contd.
frequency changer interference
effects, 283
hum, 281
noise, 280
oscillator frequency drift, 284
oscillator harmonie response, 284
selectivity, 272
sensitivity, 269
standard input voltage, 264
standard output power, 265
Rectifier diode :
calculation of performance with—
capacitive load, 146
inductive load, 154
resistive load, 145
conduction current—anode voltage
characteristic, 147
inverse voltage of, 144
rectification efficiency, 145
types of :
high vacuum, 144
mereury vapour, 145
Rectifier H.T. supply :
load conditions :
capacitive, 146
inductive, 154
resistive, 145
types of :
bridge, 143
full wave, 133
half wave, 142
voltage doubler, 144
voltage tripler, 159
voltage quadrupler, 160
Rectifier ripple filter :
attenuation—LC characteristic for
50 c.ps., 161
tuned type, 162
Reflected signals in television recep-
tion, 369
Regeneration in a.F. amplifiers, 26
Remote tuning :
magnetic, 222
pulse control using mains supply
wiring, 219
R.F. pulses from portable oscillator,
222
rotation of tuning capacitor, 219
transfer of ®.F. and frequency
changer stages to remote point,
222
tuned lines, 223
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Reservoir capacitance, in H.T. supply,
150
Resistance, optimum load, of—
push-pull stage, 91
single valve stage, 57
r.F. amplifier for—
¥.M. receiver, 303
television receiver :
attenuation distortion in, 374
audio signal rejection circuits for
380
design of, 374
feedback in, 379
phase angle error curves for, 377
phase distortion in, 373
signal-to-noise ratio for, 374
time delay in, 373
Ripple filter, rectifier, see Rectifier
ripple filter
Ripple neutralization, 162

Scanning generators in television
receivers :
special features of, 446
types of :
blocking oscillator, 450
gas-filled relay, 447
multivibrator, 449
Screen decoupling circuit :
frequency response of, 24
loss of amplification due to, 25
Selectivity of receiver, measurement
of, 272
Self bias for A.F. amplifier :
calculation of attenuation distor-
tion, 21
compensation by anode decoupling
circuit, 28
generalised frequency
curves for, 22
loss of amplification due to, 21
negative feedback due to, 19
Sensitivity of receiver, measurement
of, 269
Series peaking circuit in v.F. ampli-
fier of television receiver :
amplification of, 428
attenuation distortion, 427
phase distortion, 427
Service area of F.M. signal, 301
Shielded pick-up coil for frame aerial
receiver measurements, 267
Shock excitation in tone control cir-
cuits, 42

response
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Shunt peaking circuit in v.p. ampli-
fier of television receiver :
amplification of, 425
attenuation distortion, 424
phase distortion, 425
Sideband amplitudes in F.M. signal,
295
Sideband screech, 187
Signal generator, standard, 266
Signal-to-noise ratio in—
F.M. reception, 312
television reception, 374, 384
Slope resistance of valve, 8, 23
Standard—
dummy saerial, 267
input voltage, 264
modulation frequency, 265
modulation percentage, 265
output power, 265
signal generator, 266
Submultiple locked oscillator for r.M.
compression, 357
Superheterodyne television receiver :
choice of 1.7., 391
1.F., harmonic response and, 391
signal-to-noise ratio of, 384
vestigial sideband reception with,
384
Synchronizing signal separation in
television reception :
amplitude separation from vision
signal, 439
frequency separation of frame and
line pulses :
frame selector integrator ecir-
cuits, 444
line selector differentiator ecir-
cuits, 442
Synchronizing signals in television :
frame, 363
line, 363

Television receiver :
deflecting system, 454
distortion in :
attenuation, 367
harmonic, 367
phase, 368
transient, 367
electrical impulse to light conver-
ter, 366
essential features of, 364
power supplies and focusing, 461
scanning generators for, 446

INDEX

Television receiver—contd.
stages of :
aerial, 368
detector, 410
frequency changer, 384
1.F. amplifier, 391
oscillator, 390
R.F. amplifier, 371
v.F. amplifier, 419
synchronizing pulse separation :
frame from line, 441
vision from synchronizing, 439
types of :
superheterodyne, 381
tuned R.F., 377
Television reception :
active picture elements, 362
conversion of light to electrical
impulse, 360
definition in, 361
double sideband transmission, 364
frequency spectrum occupied, 362
scanning in, 361
successive transmission, 360
synchronizing signals for, 362
vestigial sideband transmission,
364
Tetrode A.¥. amplifier :
comparison with triode, 14
effect of grid leak on performance,
18
maximum amplification of, 14
Thévenin’s theorem, 467
Threshold area in F.M. reception, 299
Throw-out frequency in A.F.c., 225
Time constants of A.v.c. filter cir-
cuits, 260
Tone control circuits :
shock excitation in, 42
types of :
combined volume and tone con-
trol, 54
high frequency attenuation, 43
high frequency intensification, 44
low frequency attenuation, 47
low frequency intensification, 48
narrow band-pass filter, 50
narrow band rejector filter, 52
Transfer voltage ratio, aerial to first
R.F. valve, in ¥.M. receiver, 310
Transformer :
input for Class B positive drive, 94
mains :
design of, 135
effect of leakage inductance, 140
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Transformer—conitd.
mains—contd.
electrical stress in, 135
equivalent circuit for, 134
iron and copper losses, 138
no-load and full-load conditions,
139
temperature rise on full-load, 141
winding distribution, 136
output :
current distortion factor in, 106
design of, 97
distortion :
attenuation, 102
harmonie, 104
effect of D».c. polarizing current
in, 108
for Class B operation, 95
leakage inductance of, 102
power handling capacity, 111
push-pull, 104
types of winding for, 102
Transformer coupled A.F. amplifier :
high frequency response of, 35
leakage inductance in, 31
low frequency response of, 33
medium frequency amplification,
32
resonance in, 28
secondary distributed capacitance,
29
Transient distortion in—
A.F. amplifiers, 6
television reception, 367
Trebler, voltage, rectifier, 159
Triangular noise distribution in F.m.
reception, 298
Triode A.F. amplifier :
comparison with tetrode, 14
effect of grid leak on performance,
18
maximum amplification of, 13
Tuning :
automatic control of, 224
push-button, 214
remote, 219
Two signal—
cross-talk interference test, 276
selectivity test, 275

‘ T ariable reactance control for
A.F.C.:
lmited characteristic, 262

479

Variable reactance control for a.r.c.
—conid.
motor operated capacitor, 245
polarized capacitor, 246
polarized inductor, 247
unlimited characteristic, 262
valve, 248
Variable reactance valve :
performance of, over—
long wave range, 257
medium wave range, 254
short wave range, 257
types of :
capacitive, 253
inductive, 252
Vibrator H.T. supply :
action of, 176
efficiency of, 178
suppression of interference from,
175
types of, 174
Vision frequency amplification in
television :
effect of attenuation and phase
distortion in, 367, 420
high frequency performance :
characteristic of, 419
compensation for stray capaci-
tance :
combination of series and
shunt peaking circuits, 428
series peaking circuit, 426
shunt peaking circuit, 421
distortion in :
attenuation, 420
phase, 420
measurement of amplification
and phase shift, 430
low frequency performance :
compensation for attenuation
and phase delay due to—
cathode self-bias circuit, 435
grid leak and coupling, 432
screen circuit, 436
distortion in :
attenuation, 420
phase, 420
motor boating, 436
output voltage required, 419
restoration of D.c. component by—
diode, 437
grid current in last valve, 437
transient distortion in, 420
types of valves for, 420
Voltage doubler rectifier, 144
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Voltage negative feedback, Voltage tripler rectifier, 159
amplification with, 115 Volume, combined volume and tone
equivalent geunerator impedance, control, 54

115 Volume compression, 207

Voltage quadrupler rectifier, 160 Volume expansion, 207

THE END



