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PREFACE

TRUE RADIO REPRODUCTION

THE mwo previous editions of this book fulfilled a very
useful purpose judging by the demand for copies and
the numerous requests for a third edition. Here is the
answer to these requests.
In designing commercial sets for Ferranti Ltd., the author
bas by research, measurement and thought, learned much
which was not common knowledge ; some must be original,
and be feels that this work is a suitable means of making
this public.  Naturally, becanse of the crowded state of the
ether, a state which is becoming alarming with the rapid
growth of bigh powered stations, much of this new knowledge
concerns the radio frequency side of receivers.
Despite this, be bas attempted to write a popular consecutive
story, tllustrated by curves and illustrations, for the majority,
with the more  detailed  technical  portion  filled in  as
separate sections to belp the growing minority of amateurs,

construclors and technical men interested in this science.
ALBIERT HALL, A.R.C.Sc., M.LR.E., Wh. Ex.

June, 1931.






FOREWORD

THE TRUE ROAD TO RADIO

HIS is a personal foreword, which the writer feels compelled to insert. On the

opposite leaf, is the portrait of a great man who was taken from us in
January, 1930, and who founded the firm of Ferranti in London in 1882.
We owe much to his inventions, foresight, and example, and those electrical comforts we
all enjoy are, in part at least, due to him. This is fully recognised by the electrical and
scientific world. But I, who was his personal assistant for twenty-eight fruitful, interesting,
and happy years, must bring to your notice a phase of his early work which is little known,
and bears very directly on the new science in which all are so interested. The
commercial interest of our firm in Radio, commenced only eight years ago, during which
time Dr. Ferranti played a very important part in its development, but he used his
inventive skill to its advantage whilst still a very young man.
In 1885, when he was twenty years of age, Patent No. 14917 was granted to
Sebastian Ziani de Ferranti and George Leonard Addenbrooke for improvements in
telegraphy and telephony, and consisted of a telephone or speech transformer capable of
transmitting speech as well as of ringing bells. A sample of this invention is preserved
at the South Kensington Museum for the Nation. Of course, it was the logical result of
discoveries on induction by Faraday, and Dr. Ferranti’s transformer for the transmission
of electrical power, but it was the beginning of a mighty industry. All the telephone and
telegraph services in the world depend on it, and it appears in every radio receiver as an
audio frequency or an output transformer. It would be difficult to estimate the millions
that have been made.
Dr. Ferranti related to me, that when the Post Office started their telephone system, they
used wire returns instead of the earth returns of their competitors, the National Telephone
Company. It soon became necessary to interconnect the two systems, and he was asked
to devise something to permit this, and at the same time permit of bell ringing. This
patent specification was the result. A photograph of the patent drawings is reproduced
here.




Another patent is perhaps of cven more interest. Every wircless constructor, and a great
many mote people, have heard of Litz wire, or Litzendraht. With the introduction of
the Regional Stations, its usc for wave traps will probably be much increased. TIts German
name, and a comparatively recent use, leads to the assumption that it is a German invention
of recent date. This is a mistaken idea. Specification 2315 of 1888, granted to
Sebastian Ziani de Ferranti for Improvements in Electrical Mains, covers the construction
of what is now known as Litz wire, or cable. The claims are :—

1. An electric main composed of a number of thinly insulated wires formed into a
cable or rope substantially as described, for conveying electric currents of
high tension.*

*This should have read “high frequency.” The mistake being due to the
Patent Agent.

2. An electric main composed of a number of thinly insulated wires so put
together that each wirc is the same average distance from the centre
of the main.

The second claim is very important for high frequency work. Each strand must
pass from the outer surface to the inner surface at frequent intervals along the length
so that each may pass through every portion of the magnetic field due to the current.

Fig

Dr. Ferranti at one time mentioned that William Thomson, later Lord Kelvin, told him
of his discovery of the repulsion of the current by its own magnetic field, leading to the
fact that the surface of the conductor is more important in carrying alternating current
than the centre, so Dr. Ferranti decided that he had to make a cable which was to all
intents and purposes all surface and every portion of which passed in and out of every
part of the magnetic field.



In these days of 50 cvcle current, one fails to realise the necessity of a cable so constructed.
The Doctor stated, however, that in the carly dayvs, the frequency of alternating current
was very high. 200 cycles was quite common, and some of the machines gave current at
over 300 cycles per second, the machines being run as fast as possible, consistent with
mechanical strength. Therefore, in those early days, the resistance of the cable would
become quite important.  Actually, a cable was used in the City of London Scheme in 1892
made of hemp core with insulated wires stranded round it. The frequency of current
transmitted was 100 cycles.

There is another patent which has become of peculiar interest recently, because of the use
of alterpating current mains to supply power to radio receivers. Patent No. 2313 of
Fcbruary 15th, 1888, granted to Scbastian Ziani de Ferranti for improved means of
obtaining uniform continuous current from Dynamo Electrical Machines. This, as far as
is known, is the first smoothing or filter patent, and the claim is for:—

“ Obtaining a uniform or comparatively uniform continuous current from dynamo
clectric machines producing alternate currents, first changing the alternating current
by a commutator into a current of one direction, and subsequently equalising the
strength of this current by means of a self-induction coil or coils and condenser
substantially as described.”

Patent drawings are reproduced below.

The commutators spoken of, formed part of a rotary rectifier which was used in those
carly days.



THE TRUE ROAD TO RADIO

AITHFUL radio reproduction, in the strictest sense of

the word, is not vet a possibility, since the various
processes of conversion, transmission, and reconversion from
the broadcast studio or other sources, to the listener, are
not yet good cnough to ensure that what is heard is an
exact replica of the original.

It is difficult to say what the original is, since if one listens
to an artist or orchestra, just what is heard depends on
the type of room in which the performance occurs and the
position of the listener therein.
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Carrier

PAGE 10

W ave.

To understand the nature of the problem, it is necessary to
consider the path of the sound or its electrical equivalent
from the points at which it occurs to the point where the
listener hears it.

Figure 1 shows in a diagramatic form the number of stages
and the nature of the processes through which the matter
broadcast has to pass in almost all cases before it rcaches
the listener, and a consideration of this figure shows that
the reproductlon obtainable, when the best apparatus Is
uscd, is very remarkable, When every link in the chain may
produce some degree of distortion.

We may say that the ear is not equally sensitive over the
trcquenq scale, nor linear for different amplitudes; but
this does not affect our problem of perfect reproduction.
These variations arc allowed for, in the music as played.
In whatever way our imperfect ears appreciate the original,
we wish the reproduction to be appreciated in the same
way, therefore no allowance for the defect of the ears
nced be made.

For the purpose of this book, we have to assume what is
not always correct, namely, that the output from the
broadcasting station is frec from distortion, since we are
mainly concerned with the reception and conversion into
sound of broadcast transmissions.

All broadcasting stations send out or transmit a rapid
clectrical alternation or vibration known as the carrier wave,
and the number of alternations per sccond is known as the
frequency of this carrier wave, and may be expressed as
cycles per second, or kilocycles per sccond.

For example :—The frequency of the 5XX carrier wave is
193,000 cycles per second, or 193 kilocycles per second.

Because of the rise and fall of electrical strength (voltage)
during each alternation in the transmitting aerial, an electro-
magnetic field is created in space, which at any instant of time,
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Determination
of Wavelengths.

apart from the general attenuation, has a rise and fall in value
with distance—is, in fact, a wave. The distance between any
two consecutive maxima or minima values is called the wave
length of the carrier wave. This is true at any instant of time,
but the maxima are travelling through space with the velocity
of light, ie., the carricr wave has this velocity, namely,
300,000,000 metres (186,000 miles) per second.

Hence the relation exists ;—

Wave length in metres = e
ay au " 7 Frequency in cycles per second.
Wave length of 5XX 300,000,000

(frequency 193,000 cycles) = 1,554 metres.

193,000
Most readers will be familiar with both these methods of
defining the carrier wave of a broadcasting station.

A A 8 B c ¢ 90' E

L

-

Fig. 2.

If we had suitable measuring means, we should find that at
some given instant of time the electromagnetic ficld was at a
maximum at consecutive points, A, B, C, D, and E, etc. Fig.2,
falling as one proceeded from A to a minimum at the centre
of A B, and rising again to a maximum at B. A B is the
wavelength of the signal; in our example, AB is
300 metres, therefore the wavelength is 300 metres. If we
!

explore 2 600,000 part of a second later, we should find

PAGE 11




30000 g 10 3000 100
20000 % 15 2000 150
15000 —§— 20 1500 200
E3 o
2 ! )
E : & o
i 25 Q 250 W o
i J p g
0 * 8
[¥] 15 o
3 ;. *
& 1oooo 30 o 1000 - 300
[M]
o b3
2 9000 900
35 350
8000 800
40 400
7000 700
45 450
8000 50 600 500
55 S50
5000 60 500 600
65 MEDIUM WAVE
7 100 - 600 METRES
4000 75
80
85
90
95
3000 100
SHORT WAVE
10~ 100 METRES
FREQUENCY AND WAVELENGTH

500
650
700

750
800
850
900

950
1000

400

300

200 1500
150 2000
100 3000
90
80
4000

LONG WAVE

600-4000 METRES

METRES

Reproduced by courtesy of the ‘“ Wireless World.”

PAGE 12

Fig. 3.




THE TRUE ROAD TO RADIO.

Shorr Wave
Band.

Modulation.

the maxima now at points A!, B!, C, D!—where A A?
equals 30 metres : that is, the maxima are travelling through
30
space with a velocity equal to 1 = 300,000,000
1,000,000
per second, which is the velocity of light.

The ordirary broadcasting stations of Europe have frequencies
ranging between :—

Teeds ... 1,500,000 cycles ... Wave length, 200 metres.

Kaunas (Lithuania)—

155,000 cycles ... Wave length, 1,935 metres.

There is, however, a recent development of transmissions on
what is known as the short wave band—namely, between wave
lengths of 15 metres (20,000 kilocycles) and 100 metres (3,000
lxl]OCVClC‘%) These are not at present of general interest, being
arranged for and best suited to reception at great dlstances
pr1nc1pall) in the Colonies.

Figure 3 shows three scales, from which the frequency in
kilocycles corresponding to any particular wavelength in
metres, or vice versa, can be determined at a glance.

Frequencies of the carrier waves indicated above are far
above the audible limit, but are necessary as a medium for
carrying the audible sound frequencies. The latter, after
being converted into their electrical equiv alent are
superlmposed on the former by a process called Modnlation.
It is not proposed to describe the technical details of the
process of Modulation, but an examination of Figure 4 will
enable the process to be visualised. _

PAGE 13
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_ CARRIER _
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Overmodulation.
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Fig. 4.

Here, horizontal measurements represent time, and vertical
measurements, such as O A\, the instantaneous value of the
carrier current. From time A to B, when the microphone
is not in use, O A is constant. When the microphone
receives a sound pressure wave or a musical note, the
clectrical current equivalent generated by the microphone
and amplified, is used to change the amplitude of the carrier
wave current in accordance with the pressure changes of
the sound wave. As the pressure increases, the amplitude
of the carricr current increases to a value O C; as it
decreases, the carrier current decreases to a minimum
value O D; then it increases again and so on. The line
joining the tips of the successive carrier current alternations
B, C, D, E, F, represents the musical note.  When the note
is finished, the carrier current again becomes constant as
from time F to G.

. IN .
The ratio }OI multiplied by 100 represents the percentage

modulation. The reader will have heard of and experienced
the effects of arermodulation. ‘This occurs when the value TM
becomes so great relative to 10 that the line B, C, D, E, F

does not accurately repeat the original sound wave. The

. . IM
carlier processes of modulation were such that 10 could

not be very great without distortion. Recent improvements
have enabled it to be much greater.
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INPUT VOLTACE PER CENT.

AUDIO

For a given station 10 is fixed, and the 51ym] received in an
acrial 1s fixed by the acrial and set.  IM is the variable which

. INM
appears as sound in the speaker; hence the greater |y can

be, without 1pprcuql)lc distortion, the louder will be the
music for a given range, and the greater the range of the
station, or 11tcr1ntcl} the more ethcient the station.
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Stde Bands.
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The ideal would be when at the peak passages of music
N .
or speech il()[ = 1, 2 modulation of 1009,.

Figure 5 shows the modulation curve of the best B.B.C.
station and one of an excellent American station. It is clear
that the modulation can approach 1009, without serious
distortion. The B.B.C. states that the modulation it uses,
except accidently, is not allowed to exceed 809,.

To appreciate how a special form of distortion can, and
very often does, occur in the high frequency side of a
receiving set, we must further consider Figure 4. It can be
shown mathcmatlcall\ and C\pcrlmcntallv that when the
modulated carrier wave form B, C, D, E, F is that of a pure
note, the station is in effect transmlttmg three frequencies.
One is the frequency of the carrier wave, another the
frequency of the carrier plus that of the pure note, and the
third the frequency of the carrier minus that of the pure
note. The two latter are known as side bands.
Example :—The London Regional carrier wave is 356-3
metres, a frequency of 842 ,000 cycles per sccond. If the
microphone is receiving a pure note of 1,000 cycles, then
the three waves transmitted arc i—

842,000 — 1,000 = 841,000

842,000

842,000 + 1,000 = 843,000
When music or speech is being transmitted, the line
B, C, D, E, F, representing the variations of the carrier
current, is of a much more irregular shape than the pure
sinc wave shown in Figure 4. It can always be resolved,
however, into a number of such pure sine waves which may
range from 50 cycles to 8,000 cycles per second.  For each,
there will be a pair of associated side bands, so that a

transmitting acrial may, and often does, send out a band of

frequencies ranging from 8,000 cycles less, to 8,000 cycles
more, than the carrier frequency. This fact introduces
many difhicultics, and the results in the receiving set will be
dealt with later.

>
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The encrgy of the music, or speech modulated carrier wave,
spreads through the ether in all directions, and a very small
portion of it 1s received by your aerial.

As a matter of interest, the signal voltages measured in a
very ordinary aerial four and a half miles south of Manchester
during September and November, 1930, are given below.

The units are microvolts, or millionth parts of a volt.

TABLE OF SIGNAL VOLTAGES IN AN AERIAL.

DisTaNcE. POwER.  WAVE DaTE aAxD TiME.  SIGNAL AERIAL
STATION. LENGTH. 10 EARTH.
Miles. KW, Metres. 1930. Microvolts.
Hilversum ... 355 8-5 1,875  Sept. 3rd, light 1,050
Radio Paris ) 378 17 1,725 Sept. 3rd, light 1,000
Daventry 5XX ... 100 35 1,654  Sept. 3rd, light 15,000
Eiffel Tower 378 15 1,445 Sept. 3rd, light 1,000
Motala 750 40 1,343  Sept. 3rd, dark 300
Kalundborg 612 10 1,183 Sept. 3rd, dark 220
Huizen 298 8-5 1,071 Sept. 3rd, dark 420
Budapest 1,023 23 550  Sept. 3rd, dark 730
Nov. 14th, 8.30 p.m. 1,490
Nov. 16th, 10.40 p.m. 720
Munich 708 1-7 533 Nov. 16th, 10.42 p.m. 580
Vienna 880 20 517  Sept. 3rd, dark ... 650
Nov. 14th, 8.40 p.m. 1,390
Nov. 16th, 10.4 p.m. 720
Milan 766 8-5 501 Sept. 3rd, dark 700
Nov. 18th, 7.25p.m. 680
Nov. 24th, 9.23 p.m. 1,320
Prague 750 5-5 487  Nov. 14th, 8.30 p.m. 910
Daventry SGB ... 100 25 479 Sept. 3td, light 5,450
Nov. 14th, 8.50 p.m. 5,250
Langenberg 420 17 473 Sept. 3rd, dark ... 1,190
Nov. 23rd, 2.37 p.m. 270
Lyons (L.a Doua) 378 5 466  Sept. 3rd, dark 1,560
Rome 1,051 50 441 Sept. 3rd, dark 1,300
Sept. 3rd, dark . 2,080
Nov. 14th, 9.0 p.m. ... 5,800
Stockholm ... 873 75 436  Sept. 3rd, dark . 2,480
Mar. 18th, 9.0 p.m. ... 1,140
Nov. 23rd, 2'35 p.m. 310

PAGE 17
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DATE AND TIME.

Distance. PoweR. WAVE
STATION. LT,
Miles. K.\ Metres.
Witzleben ... 665 1-7 418 Nov
Dublin 167 1 413 Sept.
Nov.
Katowice 945 10 408  Sept.
Nov.
Berne 640 1-1 403 Nov.
Glasgow 200 1-2 398-9  Nov.
Frankfurt ... 430 1-7 390 Nov.
Nov.
Toulouse 704 385 Nov.
Manchester 4} 1-2 3765 Sept.
Nov.
Muhlacker ... 600 75 360 Nov.
London Regional 180 30 356-3 Sept.
Nov.
Barcelona ... 860 8 349 Sept.
Nov.
Strasbourg ... 554 15 346 | Nov.
Nov.
Nov.
Brussels (No. 2) 335 3 338-2 Sept.
Nov.
Breslau 745 1-7 325 Sept.
Goteburg ... 625 15 322 Sept.
Nov.
Nov.
Marseilles (PTT) 765 1-5 316 Nov.
Bordeaux
(Lafayette ...| 602 35 304  Nov.
Nov.
Turin . 760 8-5 296 Nov.
B Nov.
Nurnberg ... 650 2-3 239  Nov.
Cologne 745 1-7 227 Nov.
Nov.
Cork 240 1:5 224-4' Nov.

25th, 9.25 p.m.
3rd, light
l6th, 10.7 p.m.
3rd, dark ...
l6th, 10.10 p.m.
léth, 7.0 p.m.
22nd, 5.55p.m.
l6th, 6.55p.m.
23rd, 2.32 p.m.
l6th, 6.53 p.m.
3rd, light
14th, dark
23rd, light,
2.30 p.m.
light,
2.40 p.m.
light
10 p.m. ...
dark
10.15 p.m.
9.0 p.m.
6.50 p.m.
2.15, day
dark
10.20 p.m.
dark
dark
6.40 p.m.
2.20 p.m.
8.40 p.m.

3rd,
léth,
3rd,
16th,
15th,
16th,
23rd,
3rd,
16th,
3rd,
3rd,
16th,
23rd,
22nd,

15th,
15th,
17th,
17th,

9.0 p.m.
10.35 p.m.
9.40 p.m.
7.30 p.m.
lé6th, 6.15 p.m.
15th, 9.10 p.m.
22nd, 8.20 p.m.
22nd, 8.45p.m.

SIGNAL AERIAL
TO EARTH.
Microvolts.

440
1,090
1,250

495
1,020
650
1,090
1,050
100

700
117,000
106,000

360

850
730
1,420
625
1,020
4,350
1,300
160
625
1,320
614
1,330
1,450
240
1,040

1,300
950
920
620

1,320

1,900

2,070

2,050
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All these signals are relatively strong, and are easily
measured ; in suitable locations, some can even be much
stronger. Very much weaker signals can, however, be
utilised effectively. Thus, in the Ferranti A.C. Recetver,
Model 32, by suitable usc of the reaction control, a signal
of 25 microvolts, wave length — 350 metres — will give full
standard loud speaker output (50 milliwatts at 309,
modulation).

To be better able to judge the suitability of the signals for
general use, the following facts must be noted :—

(@) That transmissions from stations on the long wave band
—namely, 1,000 to 2,000 metres—do not attenuate with
distance as rapidly as thosec on the medium band—
200 retres to 550 metres. It is known that 5XX
(1,554 metres) can be received in distant parts of Great
Britain when it is impossible to receive any other
English station.

() That many long wave stations can usually be received
both during daylight and darkness. The more distant
vary somewhat in strength from time to time, but not
excessively so.

(¢) That the powerful English medium wave stations, such
as the two Brookmans Park Transmitters and 5GB (no
doubt the same will apply to other Regional stations
when completed) can be received at quite good strength
up to 180 miles (our personal experience is limited to
this distance) during daylight. In some cases, however,
quite a weak station can be received at Oood strenuth
consistently during daylight. Near Manchcstcr Dublm
167 miles away, a onc kilowatt station, can be rcccwgd
during daylight or darkness stronger than the 30 k.\V.
London station (356-3 metres) without appreciable
fading. This, however, is exceptional.

PAGE 19
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(d) That the medium wave stations more distant than
180 miles—such as the Continental stations—can rarely
be received during daylight (exceptions are cases of the
latest stations of very high power). During darkness,
many can be received at great strength, but not
consistently, as a station may be strong one night and
weak the next. Further, all stations more than 120 miles
distant are liable to fade after dark, often so badly as to
render listening impossible.

To make use of the extremelv small amount of energy
received in the aerial, four operations are usually
necessary in the receiver, and they are as follows :—

THE OPERATIONS OF A RECEIVER.

High Freguency
Amplification.

Detection.

Audio Frequency
Amplification.

PAGE 20

The first operation is the magnification or amplification of
the very small signal received in the aerial. This is called
high frequency or radio frequency amplification, and can be
performed in a variety of ways, indicated later.

The second operation, which in the case of a receiver
operated near to a powerful station, may be the first, is
known as detection or rectification. A better term 1is
demodulation, as it is the opposite of the operation performed
in the studio. This consists of the separation of the audio
trequency impulses corresponding to the sounds in the
studio, from the radio frequency carrier wave which at this
stage is no longer required. The audio frequency currents
obtained by this process of detection may be utilised to
operate telephones, but are not sufficiently strong to operate
a loud speaker.

The third operation is the amplification of the audio
frequency currents obtained by detection.




HIGH OR RADIO FREQUENCY AMPLIFICATION.

Power
Amplification.

The 1alve.

The fourth and last operation is the conversion of the
amplified signal, which is in the form of clectrical pressure
or voltage, into power, and thence into sound, through the
medium of a speaker.

The component which has made these operations relatively
casy is known as the Thermionic Valve. Suitably used, it
can amplify radio frequency voltages, can rectify, detect or
demodulate, and can amplify audio frequency voltages.
Further, it can supply the energy which is converted into
sound by the speaker.

For the valves of a receiver to function, three supplies of
electrical energy are necessary :—

(1) Low tension current to heat the filament or cathode,
enabling it to emit electrons.

(2) The high tension voltage to attract the electrons from
the filament to the plate or anode of the valve.

(3) The grid bias voltage, by means of which the grids of
the various valves are maintained at their correct
mean potential.

These three supplies are known in many overseas
territories as “ A,” “B,” and “C” supplies tespectively.

HIGH OR RADIO FREQUENCY AMPLIFICATION.

This i1s necessary where the signal received from the aerial
is too small for satisfactory detection, i.e. when a distant
or not very powerful transmitting station is tuned in.

Before dealing with the details of radio frequency

amplification, it is necessary to state that this part of a
receiver often causes more distortion than any other,

PAGE 21
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Nentralising.

PAGE 22

including the speaker. This arises from the crowded state
of the ether, and the necessity of great selectivity to separate
one station from another, often only 9,000 cycles apart.

This fact is now receiving recognition, and will be dealt
with later. The following paragraphs, therefore, treat radio
frequency amplification from the point of view of efficiency
and stability (freedom from self oscillation) only.

Until recently, radio frequency amplification has not been an
easy operation, owing to the necessity for what is known as
“ neutralising.”  Before the advent of the * screened grid ”
valve, the valves used for radio frequency amplification had
three electrodes : the filament or cathode, the grid, and the
plate or anode. The anode and grid formed two plates of a
small condenser. In utilising the valve for radio frequency
amplification, two coils are used, cach of which may be
tuned, onc being connected between the grid and filiment
and the other in some way between the anode and filament.
When a station is tuned in, a portion of the magnified energy
in the anode circuit is fed back through the above
mentioned small “anode to grid ” condenser, to the grid.

If the coil losses are sufficiently low, these arc overcome, and
oscillation is set up. In the carly attempts to obtain radio
frequency amplification, stability was attained by increasing
the losses in the coils, resulting in stability but small
amplification. The first really successful way of overcoming
this oscillation and attaining a large degree of amplification
was the use of what is known as ““ neutralisation.”

Figures 6 and 7 show the theoretical circuits for what are
known as necutralised tuned anode and neutralised H.F.
transformer  couplings. Anode bend rectification s
shown, but grid leak rectification can be employed.



|

rn'”

Figs. 6 and 7.
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Neutralisation consists of feeding back a small portion of
the cnergy in the anode circuit of equal and opposite value,
or, as it is usually stated, in opposite phase to that
unavoidably transmitted from the anode to grid, the two
thus neutralising each other. This neutralising feed-back
takes place via a small neutralising condenser NC, shown in
Figures 6 and 7.
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Fig. 8.

Figure 8 shows the circuit of a modified form of the
“ Everyman 4 receiver.
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“Everyman 4.”

Screened Grid

1 alve.

The best form of receiver using neutralised H.F. transformer
coupling is the well known “ Everyman 4,” which appeared
several years ago in the Wireless World, and provided that
the neutralisation is carried out accurately, and highly
efficient coils are used, as in this receiver, very satisfactory
results can be obtained. The disadvantage of neutralisation
1s, that when efficient coils are used, without which the
amplification is not high, re-neutralising has to be carried out
when using new valves, and also when changing from the
medium wave to the long wave broadcast band.

Moreover, present day valves have such high amplification
that neutralising now presents difficulties, especially if an
attempt is made to use more than one high frequency stage.

With the introduction of the Screened Grid Valve, the
problem of satisfactory radio frequency amplification has
been greatly simplitied. This valve has four electrodes, the
fourth being a screen of wires very closely spaced and
interposed between the grid and the anode, and often
continued round the back of the anode. This screen is
connected to some point on the H.T. supply to maintain
it at the desired potential, but where radio frequency is
concerned, it is earthed. This reduces the feed-back or the
capacity from anode to grid in the case of a well made
valve, to one thousandth part of that in a normal three
electrode valve; could the screen wires touch, which is
impossible, the capacity would be zero.

The introduction of the screen changes the properties of
the valve. The amplification factor varies in different makes
from 200 to 1,500, as compared with 20 to 35 in the case of
the three electrode valve.
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Figures 9 and 10 show the theoretical circuits for tuned
anode and H.F. transformer coupling, using the screened
grid valve.

At first sight, it would seem, from these figures, that
extraordinary amplifications would be attainable, but
unfortunately, the resistance of the screened grid valves
vary from 300,000 ohms to 1,000,000 ohms, compared with
20,000 to 30,000 ohms for the ordinary valve. Since the
amount of impedance wc can put in series with the
anode by our tuncd circuits is very limited, we can
only step off a portion of the very high amplitication.
In practice, with good coils and valve holders, etc., we can
get an amplification of, from 40 to 50 for a single stage,
somewhat greater than the best attained by neutralising and
the wuse of highly efhicient Litzendraht coils in the
“ Everyman 4 > popularised by the Wireless World.
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Screens.

Such an amplification per stage as 50 for two stages could
only be obtained with special precautions. The capacity
anode to grid, though it is only one thousandth part that
of an ordinary Valve still olays a part and introduces
considerable reaction effect if oné attempts to get too great
an amplification per stage. Those interested in  the
technical discussion of this are referred to :—

(1) Experimental Wireless and the Wireless Engineer, January,
1928, page 3.  “The Stability of the tuned grid tuned
plate H.F. amplifier,” by R. T. Beatty, which deals with a
single stage.

(2) Proceedings of Institute of Radio Engineers. Paper by
Nelson.

The stability under good conditions, however, and the
ethciency of the screened grid valve, are such that really
satisfactory commercial receivers mvolvm(T radio frequency
amplification have only been possible since its introduction.

It should be observed that, when using either neutralised
or screened grid valves, it is necessary to employ screening
between the anode circuit or coils and those in the grid, as
otherwisce there will be a direct feed back between these
portions of the circuit, notwithstanding the removal of the
feed back through the valve. It is evident that it would be
useless to have reduced the latter without also reducing or
preventing the former.

This feed back from the anode circuit to the grid circuit
can be prevented by the use of earthed metal screens.
Considerable screening can be obtained by the use of
a simple sheet of copper or aluminium from -032 to
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Astatic Coils.

Torord Coil.

PAGE 28

‘04 inches thick placed across the set between the two
circuits, the screened grid valve being located partly
through the screen, especially if the coils on the two
sides be placed with their axes at right angles. Attempts
have been made, as in the original Ferranti Screened
Grid 3 and 4 Constructional Receivers, to reduce the
teed back by using so-called “ astatic coils ”—i.c. a coil
in which one half is wound in the opposite direction from
the other. There is little doubt that the gain in stability
when using such coils is not due to their so-called
“astatic” nature, but to the increased resistance, since
much more wire has to be used to get the same inductance
as in a plain coil. The same result could be obtained by a
plain coil of much smaller dimensions wound with finer wire
to have the same inductance and resistance.

One form of coil which has no external field and so cannot
in itself cause feed back, is the toroid coil, a coil wound
like an anchor ring. It has been used in at least one make of
commercial set. The objections to it are :—

1. It is large.
2. It 1s somewhat difficult to wind.

3. It has a rather large resistance for a given inductance.

The only wholly satisfactory method of screening is to
enclose completely one or all of the circuits within a metal
box. In the case of a single screened grid valve, it has been
found sufficient and best, to enclose completely the anode
circuit within the box; this must include the anode coil or
H.F. transtormer, the tuning condenser (unless otherwise
screened), the detector valve and the H.F. by-pass condenser
connected to the plate, so that there is little chance of
appreciable H.F. voltage leaving the screen box.
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Fig. 11.

Figure 11 shows the circuit diagram of the Ferranti A.C.
Mains Set, Models 31 and 32. The dotted line shows the
extent of the screening box. The only additional
precautions are the by-pass condensers from the H.T.
connections to the screen and the anode of the screened
grid valve.
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Constructional

Charts.

Figure 11a is representative of a popular type of set, and
will be described more fully later, and figures from a large
number of measurements made will be used to illustrate the
principles involved. For those desirous of constructing
such a set, a constructional chart will be supplied on
application, also a constructional chart of the same type of
set supplied with energy from batteries.

In a set as shown in Figure 11 fitted with switches to change
the wave band in which it may be tuned, the portion of
the inductance wanted for the longer wave band should
not be placed too close to the other, i.e. they should not
couple too closely, and should have its ends shorted by the
switch arms as shown, otherwise the unused inductances,
having sclf capacity and therefore a natural tuning frequency,
will act as absorption wave traps (see pages 83 and 84)
of this frequency and greatly reduce the amplification of the
set at frequencies bordering on this.

A well known commercial set has greatly reduced
amplification from 390 metres to 410 metres due to this
effect.

There is an additional precaution necessary in the use of
such a set. The aerial lead and the loud speaker leads
should not cross, or be brought near to each other; it is
better that the aerial lead should be brought to the set on
the left, and the speaker leads be taken direct away to the
right. The reason is, that despite good filtering after the
detector valve, there may be, when receiving a high power
station, a slight trace of radio frequency left in the speaker
leads which may feed back from these to the aerial and
cause an oscillation.

Where two screened grid valves or two stages of radio
frequency amplification are used, greater precautions will
have to be taken. Primarily, for the reasons given on
page 27, the full amplification possible per stage cannot be
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utilised without a grave risk of oscillation, cspecially on the
shorter wave lengths from 200 to 300 metres. The circuits
conncecting the valves, therefore, must not be the most
efficient possible. Al the circuits must be completely
screencd by earthed metal boxes. The joints of the screening
boxes must be good ; covers should have 3" of clean and
good fitting overlap, to earth them effectively. The grid bias,
screen, and anode voltage leads should be shunted to the
metal by a -1 mfd condenser at the point where they leave,
while still within their respective boxes, and outside™ the
box a resistance of 500 to 1,000 ohms should be inserted in
cach, to make the shunting condenser more effective.
The ncgative of each valve, in the case of D.C. valves, or
the cathode in the case of indirectly heated valves, should
be directly earthed where the circuits permit of this ; if not,
cach point should be shunted by a -1 mfd condenser to earth.
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Figure 12 shows a circuit diagram with the above precautions.

Fig. 12.
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HIGH OR RADIO FREQUENCY AMPLIFICATION.

The introduction
of distortion by
Radio Frequency
Amplification.

Radio Freguency
Amplification
and the properties
of the circuit.

Further, in the latter case, each heater must be earthed at
some point, often the centre point of the supplying mains
transformer.  Finally, where a common ganging shaft
passes from box to box to drive the condensers, this shaft
must be earthed if possible, direct in each screen box.

All these precautions show that, unless a constructor
follows exactly a design which has been well thought out
and well tried, he is likely to have trouble.

So far, we have only treated radio frequency amplification
from the view point of efficiency and stability. We will now
show how it usually introduces distortion.

On page 16 1t was shown that, when a station is transmitting
music or speech, it sends out in addition to the carrier
frequency, other frequencies known as side bands, spaced
equally on each side of the carrier frequency by an amount
equal to the pure musical note concerned. These side bands
are caused by the music, and in effect carry the music.
As explained, for good transmission they may reach
8,000 cycles each side of the carrier frequency. Hence, a
receiver may receive a band of frequencies approximately
16,000 cycles wide when tuned to the carrier frequency, and
unless it can amplify all these frequencies equally, the music
reproduced cannot be like the original. Receiving a carrier
wave of 357 metres or 839,000 cycles, the band of
16,000 cycles is equivalent to the range from 35363 metres
to 360-44 metres.

Now, the amplification of the radio frequency depends on
the properties of tuned circuits containing inductance, capacity,
and resistance, and can be calculated or measured for signals
of different frequencies.
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Figure 13 shows an aerial, coupled to a tuned circuit in the
grid of a screened grid valve, 1n the plate circuit of which
is connected an H.F. transformer with tuned secondary.
The latter i1s connected to the grid of another valve, either
an H.F. or detector valve. A weak signal voltaoe e, IS
received 1n the aerial and we wish :—

(4) To find the value of e,, the voltage obtained at the grid

. e
of the first valve, or rather to find the ratio

1

. e . .
(b)) To find the ratio en whete ¢, is the voltage obtained at

2

the grid of the second valve.

(¢) And so obtain the value of zi

1

Further, since we now realise that a band of frequencies is
entering the aetial, we wish to see how the different
frequencies affect these ratios. The various val¥es of
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HIGH OR RADIO FREQUENCY AMPLIFICATION.

C:

inductances and capacities are given in the figure. The
circuits are tuned to a carrier wave of 357 metres, or
839,000 cycles, the capacity in the first circuit being slightly
less than in the second because of the effect of the aerial
capacity.

At the carrier frequency the value of Cz, the other constants

1
being fixed, depends on the resistance of R2 of the first
tuned circuit. The curves in Figure 14 show the values of

for two values of R2—namely: R2 = 16 ohms and
1
R2 = 20 ohms.

When the in-coming signal is 357 metres, that is the carrier

wave, for R2 = 20 ohms, we have 22 = 13-4, but if the

1

signal is 8,000 cycles more (35363 metres) or 8,000 cycles

C. .
less (360-44 metres), o, 18 only 949. Hence the side bands
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Reduction of
amplification

of sidebainds.

PAGE 36

corresponding to the 8,000 cycle note are only amplitied
749, of the carrier wave. The side bands corresponding to
notes of frequency less than 8,000 cycles are amplitied more
than this, but always less than the carrier wave or side bands
corresponding to very low notes. Clearly then, the higher
notes in the reproduced music will not be at their full value.

In the second curve of Figure 14 the 8,000 cycle side band

10-4
163
reduction of the higher notes is greater because the
resistance of the coil is less—namely, 16 ohms.

is only amplified = 649, of the carrier wave. The

. ) e
Now consider the value of C“.
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Figure 15 shows this for two values of R3, the resistance
. e
of the second tuned circuit. When R3 = 50 ohms, e° for

the carrier wave = 15-6—for the 8,000 cycle side band it
equals 14-8. The 8,000 cycle side band 1s amplified only
959, of the carrier wave.

When R3 = 1-46 ohms (such as can be obtained by the use

: e .
of reaction), e° for the carrier wave = 389, and for the

8,000 cycle side band = 32, which is only 819, of that for
the carrier wave.

g g a R C
Our main interest is, however, in the values of es, the total
1

amplification ratio. These are given for two cases.
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(@) When the resistance R2 of the first circuit is 20 ohms
and R3 of the second is 50 ohms.

The curve of Figure 16A shows these values. You will note

that the 8,000 cycle side band is amplified 719, of the
carrier wave.
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() When R2 is 16 ohms and R3 is 1-46 ohms.

The curve of Figure 168 shows the values. In this case,
the 8,000 cycle side band is only amplified 519, of the
carrier wave.

Clearly in the case (4) there is some, but not a serious, loss
of the higher notes. In case (4) the loss is very great, so
much so, that music under those conditions would lose
its ““ brilliance.”

The extent of the defect is perhaps better shown in
Figure 17, which gives the strengths of the various notes
from 50 cycles to 8,000 cycles relative to their proper
value—namely, 1009, —which would obtain in the receiver
presuming that there were no further distortion. Curve 2
corresponds to case (4) and curve 1 to case (). The same
two curves are given in Figure 18 in the form of decibels
loss for cach note from its proper level or value.
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Reasons for
use of low
resistance
circuits.
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The figures given above are for one stage of radio frequency
amplification, but all that has been said applies to two or
more stages. Low resistance circuits, unless other correcting
devices are used, mean the loss of the higher nofes.

The reason for the use of low resistances which lead to
such distortion will be evident from the comparison of
Figures 16A and 16B. When the resistances of the two
circuits are respectively 20 and 50 ohms, the maximum
amplification of the weak aerial signal is 209 times; but
when the resistances are respectively 16 and 1:46 ohms,
the maximum amplification is 6,320 times. The desire to
receive weak stations, therefore, leads to the use of low
resistance circuits with a much greater amplification, despite
the distortion.

Further, when receiving a station, say, on 357 metres
(839,100 cycles), in the present crowded state of the ether
there will be stations 9,000 cycles and 18,000 cycles greater
or less than this in frequency. Assume that when the circuit
is tuned to the desired station at 357 metres, the signal of
another station 18,000 cycles distant (either 364:8 or
349-5 metres) is entering the aerial at the same time.

From Figure 16A (R2 = 20 ohms, R3 = 50 ohms), we see
that the unwanted station is amplified 65 times compared
with 209, the figure for the wanted station, a reduction of
3} to 1. Hence, 1t 1s likely that if the two stations are of
anything like equal strength in the aerial, both would be
heard together, but if R2 = 16 ohms and R3 = 1-46 ohms,
we see a different state of affairs. The unwanted signal
18,000 cycles off tuning, would only be amplified 70 times,
against 6,320 for the wanted station, a reduction of 90 to 1.

Hence, it will be easy to receive the 357 metre station without
a trace of the other, even though this is of great strength.
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Remedy for
H.F. distortion.
Band Pass
Filters or
Correctors.

The low resistance circuits are said to give greater
“ selectivity,” and this is an additional reason for their use.
What, then, is the remedy for this distortion? The use of
“band pass ” filters in the H.F. circuits and “ correctors ”
in the audio frequency side, both of which will be
described later, can give considerable improvement, but
have not been adopted in most commercial sets.

Most manufacturers have spent all their efforts in obtaining
a good degree of amplification and great selectivity—which
a portion of the public demands—and have paid little or
no attention to the distortion caused thereby. These special
devices mentioned are costly, necessitate the use of an
additional valve, and add complication and difficulties in
manufacture. Also, of greater importance, most of the
people demanding this selectivity do not yet know the bad
effect it has.

The following general statement is true of all British
commercial sets (some American sets are now using band
pass filters).

No selective set, or one used in a selective condition, can
reproduce the higher musical notes effectively, and the
greater the selectivity, the greater the loss of these higher
notes. A set advertised to have * razor edge selectivity ”
must produce music which has lost most of the higher notes
and its brilliance. '

In the Models A.C. 31 and 32 manufactured by Ferranti,
the difficulty has been partly met, by making reaction
reversible.  Low resistance, with its great selectivity, is
always obtained by reaction, intentional or ‘unintentional,
but if the effect can be reversed, the resistance of the circuit
is increased, not reduced. In these receivers, when
receiving moderately strong stations not requiring great

" PAGE 41




THE TRUE ROAD TO RADIO.

Limitations of
Radio Frequency
Amplification.
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amplification, the reaction control is turned backwards to
increase the resistance so that there is only a small loss of
the high notes. On the other hand, by turning the control
forward, as great a degree of selectivity and amplification
can be obtained as in any other three valve set with no
greater loss of high notes than is necessary in any set of a
corresponding degree of selectivity.

In other sets, the difficulty has been met by making the coils
of the lowest resistance possible and inserting a resistance
in series with each which can be shorted by a switch. When
receiving strong stations, the switch is open, resulting in a
high resistance coil and quality. When receiving distant
stations, the switch is closed, resulting in a coil of low
resistance, loss of quality, but much greater amplification
and selectivity.

We have described generally how radio frequency
amplification is obtained, the difficulties involved, and
precautions necessary, and the manner in which it
introduces distortion.

For many readers, this general survey will suffice to give
them some real insight into this part of their receiver.
For others who wish to delve deeper, much additional
information is given in the various paragraphs of the
next section.

From the foregoing, it might appear that in the screencd
grid valve we have a means of obtaining any desired degree
of amplification and could receive any signal, however weak,
by using sufficient stages. There are, however, definite
limitations. On page 27 the possibility of self oscillation
when the amplification is great enough is mentioned, due to
the residual anode to grid capacity which, though so minute,
has still some regeneration effect. With care this does not
prevent an amplification of a million, or even two millions.
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Schottky
flicker effect.

Schottky

temperature effect.

The actual limitation comes from an unexpected quarter.
We are apt to look upon valves and copper wire coils as
very stable things; that no variations occur in them except
such as we apply to the grid of the valve, presuming energy
supplics are steady. There are, however, in both, variations
occurring which, though minute, become important when
the ampllﬁcatxon is Oreat enou(rh

The emission of electrons from the hot filament is analogous
to cbullition or boiling, occurring in gusts at e\tremely
short intervals of time, and thougrh the effect must be
averaged because of the large area of the filament, there is
still left superimposed upon the mean flow of clectrons to
the plate a minute irregular variation of very high frequency.

This is known as the “ Schottky flicker effect.”

There is a similar fluctuation of current in the electrical
conductors, due to the thermal agitation of its ions and
electrons (temperature is due to this agition and consequent
collisions.) This is known as the * Schottky temperature
effect.” For details, reference should be made to a Paper
by Ballantine, page 1,377 of Proceedings of the Institute of
Radio Engineers, August, 1930.

The combined effects occurring in the first radio frequency
valve and its associated circuits are amplified. In the
detector circuit, the components of the disturbances beat
with cach other and appear in the speaker as noise, usually a
hissing noise. When receiving a carrier wave, the trouble is
much worse. There scems to be a beating with this, or,
in other words, some modulation, which greatly increases
the noise in a sensitive set, so that there is a very unpleasant
background to the music.

Sets have been built in America which, on a wave length of

214 metres (their most sensitive point), give full standard
output of 50 milliwatts (noise, not music) with no input;
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DEFINITIONS

Selectivity.

Qunality.
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obviously, such a set is unsuitable for musical reproduction.
The above phenomena definitely limit the radio frequency
amplification that can be used, and from the rather limited
experience we have had at the time of writing, we think that
the amplification should not exceed 75,000.

OF SELECTIVITY AND QUALITY IN A SET.

We have chosen the following definitions as being most
convenient.

Selectivity is the ratio of a tuned signal to that received
when the receiver is detuned 10,000 cycles from the tuned
frequency. Selectivity is a number greater than one.

Quality is the ratio of the signal received when the set is
detuned 5,000 cycles to that received when fully tuncd.

It is 2 number usually less than one—alas, often very much
less—and we naturally desire it to be as near one as possible.

. . 0 o [
Referring to Figure 164, giving values of e”‘ when R2 = 20

1
and R3 = 50 ohms, we see that at the tuned point
. . e
C‘" = 209 ; at 5,000 cycles off tuning e” = 100, and at
1 1

. e )
10,000 cycles off tuning e” = 125, hence, according to
1

the definition ;—
209

selectivity = 195 = 167
. 180
quality = 500 86

Hence, in this case, there is little selectivity, but the quality
is high.

Now consider the case of R2 = 16 and R3 = 1:46

. e .
ohms (Fig. 168), eJ at resonance tuning = 6,320, at

1
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Diffeculties

when near to

powerful

Stations.

5,000 cycles off tuning 23 = 800, at 10,000 cycles off
tuning gj = 210 :—

sclectivity = 6;;260 = 30

quality = 68’:%20 = -127

Now, there is a great degree of selectivity since an unwanted
signal 10,000 cycles away from the wanted one would be
reduced 20 times. The quality is bad, since the 5,000 cycles
note is reduced to -127 of its proper value.

What has been said in the last paragraph would be sufhcient
if the signal voltage e, received in the aerial, was never
very large. But the introduction of the high power stations,
and in particular the new Regional Stations, has changed the
problem of selectivity. A~ great many people will be
receiving in their aerial (good outdoor, aerials) a signal
voltage ¢, of the order of -500 volt (500,000 microvolts),
while the number of those who will receive e, = -2 of a volt
will be very large. It now becomes necessary to consider
the amplification of the recciver at wave lengths diftering
very much more than 10,000 cycles from its tuned position.

. ¢ . -
Figure 19 shows the values of e3 for signals of wave lengths
1

from 250 metres to 500 metres for the circuits of Figure 13
used previously for illustration, the circuits being tuned to
358 metres. The various formule and means for calculating
these and those previously used are given below for those
further interested. They show that when the incoming
signal is more than 39, off resonance—that is, when the
tuning point is 358 metres—the signal is less than

e
347 metres or more than 370 metres, the value of e—s does
1
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not depend in any way on the resistance of the coils, but only
on inductances and coil couplings which are fixed for the set
and the capacities which are. fixed by the tuning. The curve
of Figure 19 is therefore true when the amplification at
tuning is 209 (R2 = 20, R3 = 50) or 6,320 (R2 = 16,
R3 = 1:46). At first sight this secems a surprising result,
and is probably not generally recognised, but nevertheless
it 1s certain.

It will be noted that when the incoming signal is 250 metres
the amplification is 1-2, rising as the signals approach tuning
frequency, to 209 or 6,320, according to the resistances,
falling again until, at 430 metres, it is 1 again, and at
500 metres it is still -25,
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Operation of
Recerver
A.C. 32.

It is found that in the A.C. Receiver, Model 32, with the
volume control full in, and tuned to 358 metres, 2 volt
(radio frequency with 309, modulation) across the grid of
the detector valve gives full standard output, and that
-008 volt gives a signal still audible but not enough to be
annoying when listening to another station. Since a
500 metre signal is amplified one quarter, were it of strength
equal to 03 volt in the aerial, it would still be heard,
since one quarter of 032 = 008, which is audible.

Similarly, a signal of -0067 volt of 250 metres wave length
would be heard.  Thus anywhere near a strong station, this
station is likely to be heard over the whole of the tuning
range. Apparently the set is useless in the circumstances ;
but it contains, however, in its volume control the means of
overcoming this difficulty. This is a series condenser in the
aerial connection, which is shorted out automatically when
full in. When not just shorted, its value is -0028 mfd.

Turning this volume control to the left, the value is reduced.

The effect is to reduce all signals entering the aerial.  This
is the first step; but we now desire to strengthen the
particular station we wish to receive. The solution is
indicated in the previous paragraphs, where we show that
decreasing the resistance of the coils only affects the
amplification of the signal to which the circuits are tuned.
Hence, turning the reaction control to the right to decrease

the resistance of the coil, will only increase the wanted station.

The best way to operate this set is, therefore, to turn the
volume control to the left to reduce all signals, turn the
reaction control to the right to strengthen the station to
which vou are tuned and which you desire, but the
operations must not be carried too far, since the excessive

use of reaction must result in deterioration of quality.
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This method has proved very good in practice. Near
Manchester, where 22ZY on 377 metres gives a signal
strength of 117 millivolts in the aerial, one can easily reccive
London (356 metres) and stations on or above 400 metres.
It must be confessed, however, that measurements with the
receiver and the known properties of the circuits would not
lead onc to expect such results. When two stations come in
together into the aerial and receiver, there is something
quite independent of the H.F. circuits which increases the
selectivity. This will be dealt with in the next section.

Formulz used for previous calculations. Refer to Figure 13
for the meaning of symbols.

For the loosely coupled aerial circuit :—

M

) }+{[“L EEAICERES),

Where Z, = \/Rz2 - [(oLz-— (IC ]2
Vg

For the H.F. transformer in the plate circuit of the valve
whose plate resistance is R, and mutal conductance g

M,
@) es_ &
e, [ |+ mé\lz I}:sJ

Where Z, =\/R32 = [m L, - . IC ]2
v g

P

e : :
From these ° can immediately be calculated.

1
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e
and * —
e

Deniodutation.

1

When the incoming signal is more than 39, off the resonant
frequency the above formulz simplify

1) M ©
ey G, _
e 1 [ . i w? M,?

L,- L - ] - |
[ “T WG J i [ CH T O ol,— oGy

(@)es Mo 4)

e 1
C3 [ w L:_; = @ C3]
M, M,

C, * ¢, X8

L1 , 1| [ ‘°2M121 1)
@2~ w Ca ©le= wC2 @~ [0} Cl - (0[12 — ()C
. 2

It will be noted from these formulz that when off resonance
the amplification does not depend in any way on the
resistance of the coils, only on the inductances, couplings
and capacitics of the circuits. Only when very near
resonance, or exactly at resonance, do the resistances and,
therefore, the amount of reaction used, play a part.

This is the justification of the instructions for separating
stations and the statements used earlier in this section.

THE DEMODULATION OF A WEAKER BY THE CARRIER WAVE
OF A STRONGER STATION, or Increase of selectivity when
two stations not differing greatly in wave length are
received together.

This action is discussed by Beatty, page 300 of Experimental
Wireless, June, 1928, who, because of an error in his
assumptions, makes the effect appear even more wonderful
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than it really is. A complete theory for a perfect linear rectifier
is given by Butterworth on page 619 of Experimental Wireless,
November, 1929, though his mathematics are somewhat
difficult for the ordinary man to follow.

In popular language, the carrier wave of the strong station
heterodynes with that of the weak station and transfers a
very large part of the modulation of the latter to the
intermediate heterodyne or supersonic frequency, equal to
the difference of the frequencies of the two stations, which,
since the set, unlike the superheterodyne set, has no second
detector, never becomes audible.

Recently, accidental circumstances have proved how great
the effect can be. The receiver on which the results were
noted was made up of two stages of H.F. amplification
with screened grid valves, anode bend detector with a
milliameter in plate circuit. This was receiving Manchester
and owing to its great strength the acrial circuit was detuned
and the other two circuits detuned 34°, one above and the
other below resonance to get band pass cffect. The milli-
ammeter was reading 1 ma, corresponding to 4 volts R.M.S.
on the grid of the detector, so that rectification approached
lincarity. On many occasions, at 8.55 p.m., because of the
carly finish of its programme, Manchester has shut off its
carrier wave. As long as the carrier wave is on, there is
no sign of another station, but as soon as it was shut off,
Radio Toulouse came in so loud as to be heard with casc
in another room. As the carrier wave was put on again,
Radio Toulouse disappeared. The carrier wave of Manchester
sufficed ; it was possible to see in the milliammeter Manchester’s
carrier wave fall, and when the ncedle was quite low down,
Radio Toulouse could be heard. After a few minutes, the
needle again rose as Manchester’s carrier wave grew in
strength and the Radio Toulouse signal became inaudible.
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The eftect has been reproduced by tuning Manchester to
moderate strength on an indoor aerial and then operating an
unmodulated oscillator. Though the latter could not give
a strong signal in the aerial, it silenced the Manchester signal
for 9,000 cycles less and 18,000 cycles more than the carrier
frequency.

This demodulation effect is useful in another direction.
A recetver with a high degree of amplification brings in a
lot of noise. Some, as explained, is due to the first circuit
and valve, and the remainder comes into the aerial. The
effects, however, are due to irregular modulation of carrier
waves. If such a receiver with good rectification is tuned
to a strong station, it is found that as the station tunes in,
all noise disappears. The effect can also be produced by
feeding an unmodulated oscillator strongly into the aerial.
As the carrier of the oscillator is tuned in, the noise disappears.

It would be useful to get a quantitative measure of this
demodulating effect. Mathematics help us to the extent that
if the detector rectifier follows a square law, such as it must
if the signals are small and the audio frequency amplification
great, and two stations not differing greatly in frequency,
and modulated to the same extent, be received together, the
audio output of cach is quite separate and proportional to
the square of the relative strengths of the signals at the
grid of the detector valve. Here there is no demodulating
cffect ; the output for cach station is the same as if the other
did not exist—if one station is {; of the strength of the
other, its output is only .

On the other hand, if the rectifier is linear and perfect, then
there is a considerable demodulating effect. Thus, if a
station is i of the strength of another at the grid of the
detector, then if cach came in separately the relative strengths

of the audio output would also be 1 to 10 ; but if they come
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in together, then the outputs of the weaker to the stronger
are in the ratio of 1 to 167. The weaker station has been

demodulated to of its proper value, while the stronger

1
167
station can be shown to have been demodulated less than 19,.
By graphical comparison with the case of a perfect rectitier,
we can sce that the result for anode bend rectification with
large signals (4 volts R.M.S. or more with modern valves),
and for grid leak rectification for signals of -3 volt and
above, for valves of the MH4 and MHL4 class, must be
very neatly the same as with the perfect rectifier.

This demonstrates clearly the gain, from the viewpoint of
sclectivity, of using a moderate degree of audio frequency
amplification so that the rectification is of a sufficiently large
radio frequency signal to come into the above ranges.

Beatty, without sufficient justification, makes the following
general statement, which is true of many good modern sets
or can be made true by proper design:  The unwanted
station is silenced, if its carrier wave does not exceed one
tenth of the wanted station at the grid of the detector valve.”

OF TWO STATIONS TOGETHER IN A RECEIVER.

The two stations represented by (1) E, sin ot.
(2) K, sin (o + 3)t.

is small compared with .

N

where 3
E, and E, contain the modulation effects at audio frequency
3

2%

Thus E, (1 + M cos pt) e

and E, = (I + m cos qt) ¢

which are small compared with

SQUARE L.aw REcTIFIER, following the law
current Z = K(e + «)?
Let the single station ¢ = E, sin ot be received.
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Then the mean rectified current over one complete cycle
o is J(E) x K.

With a suitable plate load we can say that output voltage is

9

proportional to Eg? is, say, BEg.

Similarly, when station E; sin (o -+ 8)t is received alone,
the output will be BL,2.

Now, if both stations be received together, we get at the
grid of the detector
e = E; sin ot 4+ E; sin (0 + 3)t
= (Ey, 4+ E; cos 38t) sin ot 4+ E,; sin 3t cos wt.
= R sin (0 + ®)t
where R cos ® == E;, 4+ E, cos 8t, R sin ® = E, sin 3t
and Rz =Eg2 4 E;2 +2 EJE, cos 8t
R =+v/E2 + E;2 4+ 2 E,E, cos 8t

The combined signal represented by
e = R sin (0 4 ).

This is a radio frequency signal of varying frequency,

rising a little above © and falling a little below it, by
2% e

the amount ® = tan - El

0
and having the varying amplitude R, the variations being

. w
slow compared with
27,

The curve R = /E* 4 E;* + 2 L L, cos wt represents
the envelope of the tips of the carrier waves.

Now as above, the output voltage is
BR? = B (K 4 E;* + 2 E,E, cos 3t)
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3
2%
is above audio frequency ; hence it does not affect the loud
speaker. The output voltage which appears is B(E,® + E,;2).
Clearly cach station affects the speaker and has the same
strength as if the other did not exist. There has been no
demodulation, but by the very nature of the rectifier, one
station 1s 3, as strong as another at the grid of the detector

1 l

valve, then its output is only f = & of that of the stronger.

But the portion 2 E.E, cos 3t has a frequency of and

PerreEcT LINEAR RECTIFIER. Because the relation between
volts and rectified current follows the straight line law and
zero grid signal is adjusted to the point where this line cuts
the zero current line, it follows that the peaks of the pulses
of the rectified current follow an exactly similar form to
the peaks of radio frequency variations of the grid volts;
but when both signals are received this form has been
shown to be

R = VI + E2 + 2 EE, cos 3t
3
2%
stations. If both stations are modulated

where is the difference of the frequencies of the two

Eo = (1 + M cos pt) ¢,
E, = (0 + mcos qt) ¢

g9
)

where and are audio frequencies.

2 ‘

-

Hence, output voltage is proportional to the mean of

VE?2 + Ep2 + 2E, E, cos st

First: If each is received separately, the output voltage
for the first is equal to KE, and for the second
is equal to KE,
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If cach were modulated to the same extent, the output in the
speaker would be just in proportion to the strength at the
erid of the detector valve.

SEconn : Combined signals.

The form 4/E.2 + E;* + 2 EE, cos 3t introduces serious
mathematical difficulties into the solution of our problem.
Butterworth gives a solution and obtains numerical values
(sec Experimental Wireless, 619, November, 1929), using
elliptic integrals, true only for very small percentages of
modulation. The writer prefers the following method.

Following Aiken (Proc. I.R.E., January, 1931) by a long and
wearisome use of the binomial thecorem, we can expand

R = vEg + ¢ + 2L, cos 3t using

0, (1 + M cos pt) €
and Ii; = (1 + m cos qt) ¢

. o ion G o
into (provided el is less than 1)
(

M m?2e,2Mg?
R = {Meo—e,g[aoi\l —a, + a, 2] + 2160 e } cos pt.
Mm  me,g) 3e?
—+ {me, -6 g (aom—a, 5 + c:,( ]_ 2(;0 gsbom}cosqt.

79

m2e, , bpe? g m?
+ [2@0 - 4c, cos 2 qt.

a,M mig bye,? g3
- c.u — — < - & 2 0s ot.
r { 18 (ao 2, 2¢, T2, 2+ m?) pcC t

be,?gd . a,M a, . a,M m?Meg
— coszbt—*—elg( 5 o 4= T g

4e,
cos (p + 3) t.

a,M  a,Mm me,g bee,2em
{c,g( 2 T 4 T 2¢, + & cos| q+3 |t.
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\2‘1 L44
Where a(,=1—|—LIg +3\Ig

< 8
a, =l\[g+3l\fg3 SI\ésgs
a2=1\122.2+1\142g4
by =1 +3 M2 g2
g=%iq

neglecting further terms in the series which only affect the
result to less than 19,.

Now, again, the terms involving 8, p 4- 3, q &+ & are
in our case above audio-frequency and do not appear in
the speaker. The output voltage at the speaker is
proportional to—

M m2e,2 M o2
Rz{Meo—elg[aoM—a,—i—azz]—l— ‘260 ‘“Icos pt

Mm me, ) 3e,2¢®*b, m
- ““]— -2 cos qt.

—|—{mel—elg[aom—al 5 e 2¢,

2 g2 b 2 o3 N2
—|—{m2 61265 =S 6146% : } cos 2 qt.

Clearly, the two modulations are intermixed, and a second
harmonic of the weaker station is introduced.

Now consider the weaker station to be |, of the stronger

e :
or~e1 = jp and that each is modulated 209/ or m = M X -2,
0

we find then that the factor of cos pt is within (1 -

120

of the value Me,. Hence, the modulation of the wanted
station is reduced less than 19, and the effect of the terms
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Anode Bend
Rectification.

Grid L.eak

Rectification.

in it involving the modulation of the unwanted station is
exceedingly small.  The factor of the term cos qt is equal
to me, X ‘06 or i th part of the modulation of the wanted
station ; we have, therefore, reduced the unwanted station
to 7 part of the value it would have had if it came in
alone. This is a measure of the dcmodulatintr effect.  The
second harmonic term is only g part of the modulation
of the wanted station, and can be neglected. The method
of rectification in modern sets is not, or should not be,
square law, and unfortunately cannot be linear.

Using strong signals, the portion of the curve on which
the variations occur of either the modulation (if not too
great), and the beat note due to the combination of the
two stations is straight. Hence, the tips of the pulses of
rectified current follow the same law as the tips of the grid
voltage R.F. variations, so this can be expanded into just
the same terms as before. The percentage of the maximum
height of the pulses to give the mean rectified current is not
constant for all values of this height, due to the bend at the
lower end of the valve curve; but if the weak station is
only {; of the strong one and the average modulation not
more than 209, then the factor is sufficiently constant to
ensure that the demodulation is of the order just calculated.
The qualitative experiments described indicate this. The
exact percentage of demodulation cannot be calculated.

It has been shown, page 112, that when the R.F. signal
exceeds 25 volts R.M.S. at the grid of the detector, the
ordinary average modulation variations occur on a part of
the grid current curve which cnables the mean rectified
current to be an accurate copy of the peaks of the radio
frequency grid volt variation. The same will apply to
the beat variations due to two stations, if one is much
weaker than the other. Hence, in grid leak rectification,
under the conditions specified above, the demodulation is
very nearly that calculated for a perfect linear rectifier.
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This is a torm of interference between two stations which
can, in special circumstances, occur. If, when tuned to a
moderately weak station, a very strong station—say
50 kilocycles away—is recc1ved and at the (rr1d of one of
the H.F. scrcened grid valves its signal reaches a strength
ot  volt or more, whilst this valve has too much grid bias,
then some small rectification of the unwanted strong signal
occurs, due to curvature of the valve characteristics, and
modulates the wanted signal (it increases and decreases its
amplitude slightly, just as the music in the studio does).

Hence, no amount of selectivity afterwards will separate the
two programmes. It would be difficult to design a set in
which it could occur, since in most cases you would hear
the unwanted station, due to its mere strength, even if the
weaker one did not exist. It is conceivable, if the aerial
was connected direct to the grid of the first valve through
a resistance or inductance and other working conditions
were wrong in the set. It would not have been mentioned
here if the Press had not been dealing with it.

The sclf evident remedy is to design the set propetly, using
a good tuned loose coupled circuit between the aerial and
the first screened grid valve, and suitable means—a scries
aerial condenser, or a wave trap—to reduce the signal input
to this first tuned circuit.

Here we will deal with the possibility of correction on the
H.F. side of a receiver.

For such correction, one ought to have available two stages
of radio frequency amphhcatlon since any arrangement for
correction involves loss of amplification. The C\tra valve
is necessary to make up for this loss. In the descriptions to
follow, we shall assume that the receiver has two stages.

It will be recalised from an earlier section, that the ideal
receiver, when tuned to a carrier wave, should give uniform
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Partial
Correction by
sttitable
Detmning.

amplification for 8,000 cycles each side of the carrier frequency,
to give perfect quality, and then at 10,000 cycles cach side
to give no amplification, to achieve perfect selectivity.
But even if such an ideal could be realised, it would not be
satisfactory at present. Stations arc only 9,000 cycles apart.
Hence, the side bands of the two stations will overlap, and
there is bound to be interference.

The best compromise would be uniform amplification for
5,000 cycles cach side of the carrier frequency and then a
rapid fall of amplification to zero at 10,000 cycles each side
of the carricr frequency. Even this compromise cannot be
realised in practisc.

Amateurs have for some years known of a method of
reducing high note loss in such a recciver as shown in
Figure 12, where there are three tuned circuits in series.
It can only be done when the station wanted is much
stronger than necessary. The first circuit is tuned to the
carrier wave, and the other two are detuned equal amounts
each side of the carrier wave. A description of the actual
process carricd out on a receiver may be uscful. When
recciving Manchester, the first circuit is well detuned, since
the station is so powerful. The other two circuits are then
sharply tuned, as judged by the maximum reading on the
detector valve milliammeter. The readings of the two
condensers are then 116° and 1183°. The first is adjusted
to 1194° and the other to 115°—that is, 3} degrees each way.

This is cquivalent to 10,000 cycles each way. This figure
can be obtained from the curve connecting degrees of
condenser setting to wave lengths. Now, the first condenser
is adjusted till the milliammeter reads 1 milliamp., giving in
this case the best detection. At the same time the audio
frequency volume control is adjusted to give the necessary
volume in the loud speaker.
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Gain in

brilliance and

volume.

For 5XX, the last condensers are adjusted 5° each side of

the tuning point, corresponding to 6,000 cvcles.

There is definitely a gain in brilliance of the music when this

method of operation is used. Curiously, there is also a

definite gain in volume, than when the circuits are sharply
tuned to give the same radio frequency voltage at the

detector grid.
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Fig. 20.
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Fig. 21.
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w
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5-29 x 108

Figures 20 and 21 will enable the reader to visualise the
process. In Figure 20, A is the amplification curve of the
tirst circuit ; B is that of each of the other circuits. But the
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second circuit is detuned 5,000 cvcles lower than the carrier
wave frequency ; thercfore, B2 is the amplification curve.

The third circuit is tuned 5,000 cycles above the carrier
frequency, B3 is the amplification curve. These curves arce
for coils of 16 ohms resistance each. To get the total
amplification due to the three circuits, we multiply the
ordinates of the three curves. For example, the total of
the carrier frequency will be 0A < 0C > 0C. For 5,000 cycles
off this, 5D x 5% x 5B., and so on. Thus we obtain the
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Fig. 22. Fig. 23.
M = 500 mH. L = 3,000 mH. C 0002317 infd. M = 500 mll. Wavelength 1,570 metres.
R = 72 ohms. L, = 600 mll. 00025 mfd. R = 75 ohms.
g = 2
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curves in Fig. 21. A is the curve when all the circuits are
tuned to the carrier frequency, B is the curve when the last
two are tuned 5,000 cycles above and below, C when they
are tuned 8,000 cycles above and below. The reader will
notice the amplifications for curves B and C are less than
for A. Also, that the 5,000 cycles note is amplified a greater
proportion of the carrier frequency in B and C than in A.

Figures 22 and 23 are similar curves for 75 ohm circuits
tuned for 1,570 metres. In the first, A is the aerial
amplification curve and B that of each of the other two
circuits. In Fig. 23, A gives the total amplification when
the second and third circuits are tuned 5,000 cycles above
and below the carrier respectively. The amplification is only
about one-ninth of that when all the circuits are sharply
tuned, but the 5,000 cycles note is almost gone in the latter
case, whereas in the former it is at its full value.

Curve A, it will be noted, approaches out ideal compromise
specified at the beginning of this section.

One can obtain, under suitable circumstances, something
approaching our ideal compromise by utilising the propertics
of coupled circuits. If two circuits are near cach other, or a
portion of one brought near a portion of the other, then the
flow of an alternating current in A, because of the magnetic
field created in space, linking up with some portion of B,
will transfer encrgy into the latter, causing a similar current
to flow from it. This fact is the basis of all transmitters and
recetvers.  But the transfer of energy into B from A modified
the propertics of each circuit; the current in A transfers,
as it were, some portion of its inductance and resistance into
B, and the current caused to flow in B transfers some portion
of its inductance, etc., back into A. The effect naturally
depends on the nearness of the coils to each other or the
degree of coupling.
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This is illustrated by curves in Figures 24 and 25. First, the
coils A and B arc far apart, so that A is hardly affected by
the current induced in B. Curves Al and Bl show the
currents in the two circuits when 10 volts is produced in A.
Notice that Al and Bl are similar to standard resonance
curves ; in fact, Al departs by only 1°/ from this, because
the mutual inductance between A and B (the measure of the
amount of the coupling) is only -133 microhenries.

Curves A2 and B2 are the current curves when the mutual
inductance is increased to 3:02 microhenries. Notice that
they are of quite a different shape ; there are two frequencies
for which the current is a maximum, and these are both
different to the resonance frequency of each circuit if the
other had not been coupled to it.” The position and the
height of the humps depend on the coupling, resistance, etc.,
of each circuit,

NOILLY 1 I TdWY

— KILO-CYCLES +

Fig. 26.

Figure 26 shows the result in another form. (A) is a normal
resonance circuit, resonant frequency = 842,000 cycles.
Curve A gives the ratio of voltage I¥ across the tuning
condenser to ¢, the voltage injected into the circuit. It is the
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Band Pass
Filter.

standard resonance curve. (B) arc two coupled circuits and

E -, .
where H is the voltage across the second tuning condenser,

b
is shown by curve (B). Such a circuit as (B) is the simplified
diagram of what is known as a *“ band pass filter.”

NOILY ITITaWY

e KILO-CYCLES +

Fig. 27.

For use in an aerial circuit, it is arranged as shown in (B) of
Figure 27, where C', L}, and R! represent a standard acrial
connected to a coil coupled to the “ Band Pass Filter ” by
mutual inductance M,, in this casc 14-4 microhenries.
(A) shows the same standard acrial conncected to a simple
resonance circuit.

, . I . .
Curves (A) and (B) are the ratios of . obtained when ¢ is

applied across the standard aerial to earth.

You will notice the hump in (B), and that the 5,000 cycles
to 6,000 cycles notes are amplified rather more than the low
notes. When using the simple resonance (:\) we obtain, it is
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truc, about double the maximum amplification, but the
5 OOO cycles note is only amplified one half of its proper
value. Further, for tru]ucncus 15,000 cvcles and above, oft
resonance, the amplification in (B) is relatively less than
in (A), hence there is some gain in selectivity using the band
pass filter, apart from the gain in the higher audio notes.
In ()htammv these results, we have taken the radio trequency
resistance of the coils to be 6 ohms at 357 metres. This is
an cxtremely low value, and could only be obtained by
great care.

%
&0 3
=
5
o
{ »
3
180 &
z
+
A
CT 20
+—+ 4
{ el B S D Ty [ QW W S ,,4\J‘
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12 8 4 o 4 8 12

~— KILO-CYCLES =+

Fig. 28.

A band pass filter can also be used in the plate circuit of a
screened grid valve.  Figure 28 shows (\) a simple H.F.
transformer and (B)a band pass filter in the plate circuit of a
screened grid valve and the curves give the ratio of the
voltage E across the ¢rid of a second valv to that ¢ applncd
to thc grid of the screencd erid valve. Resistance of
cotls =: 10 ohms.

You will notice that the results are much the same as with
the acrial band pass filter.
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Fig. 29. Fig. 30.

We will now consider a complete receiver made up of the
above described aerial band pass filter, the valve plate band
pass filter, and between the second valve and the detector
valve, the simple H.F. transtormer.  Figure 29 shows this,

and the curve for c‘ the total amplification.  We  have

clearly, in such a combination, obtained something very
closely approaching our ideal compromise.

Figures 30, 31, and 32 show a similar sct of curves for the
long wave band, the wave length of the carrier wave being
1,570 metres.  In this case, the resistance of the coils and the
degree of coupling have not been so happily chosen, since
for the complete receiver, the 6,000 cvcles note is amplitied
more than is desirable relative to the lower notes. A slight
change in the values would give a curve more approaching
the idcal.

At first sight it scems that we have, in the above arrangement,
an ideal solution of our troubles, and can get sclectivity
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Fig. 31. Fig. 32.

without great loss of high notes. But there are difficulties.
First, duc to the nccessity of the tixed coupling of the band
pass filter coils, and the varying resistance of the coils with
frequency, we find that the curve which seems so ideal at
357 metres, becomes too broad at 200 metres with loss of
sclectivity and too narrow at 500 metres with some loss of
quality. The advantage of the arrangement, despite this, is
such that its use would soon become general but for a
greater difficulty, which is mechanical.  There arc five
condensers, which must be ganged much more accurately
together all round the scale. The coils must be accurate to
within 19,. ‘This is not difficult. The condenscrs moving
round must be accurate to within }9, all round the scale
until ncar the minimum, where the error might be 39,
which is not easy to obtain with the uncertain capacities of
wiring and valves.
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NOILY DI 3NdWY

— KILO-CYCLES =

Fig. 33.

So far we have only considered the case where the coupling
between the two tuned circuits was through space, or
inductive. The two circuits can be coupled by means of a
condenser, ‘0135 mf, as shown in Figure 33. The

1
4

two curves give the ratio . where e is the voltage injected

into the first circuit, for (A) a single tuned circuit and
(B) for the coupled circuits.  The latter shows the double
hump scen in the previous figures. But there is a difference.
In the previous figures the humps came cqually spaced each
side of the tuning of the single circuit, or the frequency of
the received signal.  Here, however, with capacitative
coupling, one hump coincides with the tuning of the single
circuit.  This mecans that if the receiver contains single
tuned circuits as well as band pass filters, as previously
shown, different capacitics will be wanted to tune the latter
to the incoming signal than in the case of the former.
This introduces further dithcultics to the ganging of the
condensers.
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In such a receiver, the incoming signal is reduced to a
lower or mtcrmcdmtc frcqumu f()r ampllhcatlon by a local
oscillator.  This intermediate trequency is alwayvs constant,
so that the design of the band pass filter in this amplitier is
casy, since there is no need to change the tuning of the
circuits. There is the further advantage that the intermediate
frequency is low—in the case we have in mind, 125,000 cycles
or 2,400 metres wave length——hence the ratio of inductance
to resistance of the coils can be very large, leading to great
sclectivity.
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Fig. 34.
Wavelength 2,270 metres. SV Valve.
Anode Volts 162, G.B. Volts 13 L, 4,610 .
Sereen Volis 0. g -93. Lo +.730 p.

Figure 34 shows diagrams and curves of a first attempt to
design an intermediate frequency stage for a super-heterodyne.
Two st ages were proposed, one band pass coupled and’ the
other pldm IHLE. transtformer coupled.  In the Figure,
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Minor difficulties

of Radio
Prequency
“mplification.

circuits and full particulars are given. The valves had a
mutual conductance of -95 milliamps. per volt. The curves

: 1
give the measnred values of o in cach case. Due to the fact

that one coil of the band pass filter was of slightly larger
inductance than the other, the humps are not exactly of the
same height.  From these we can estimate the combined
amplification ot the two in serics.

For the tuned frequency (2,270 metres) — 44 < 53 = 2,330.

For 4,700 cvcles ... ... ... ... - 137 x 6:3 — 861,
For 10,000 cycles ... ... ... ... =27 X8 215,

Hence, we have reduced the station 10,000 cycles away
108 times, a wonderful sclectivity, and yet only reduced
the 4,700 cycles note 2+7 times, ¢giving quite a good quality.
If one could use two stages of the band pass filter and one
of the H.F. transformer (there would be two difficulties,
owing to the great amplification ; firstly, self oscillation, and
sccondly the great noise level) at tuning, amplification would
be 44 2 44 % 53 — 102,500,

At 4,700 cycles away 137 x 137 X 6-3 118,000.
At 10,000 c\clu away 27 X 8 X 8 172.

We would have reduced the station 10,000 cycles away
600 times, a marvellous selectivity, and the 4,700 note would
be slightly above its proper value.

Though this case, with this degree of amplification, is hardly
practical, yet it will enable the reader to get a glimpse of
the possibilities of such a system.

The first ditliculty experienced is the unequal amplification
over cach frequency band (viz.: 200 to 330 metres and then
1,000 to 2,000 metres). In receivers, the tuning inductance
tor cach band is fixed, and the variation over the band is
obtained by changing the capacity. For the longer wave
lengths (say 550 metres) the capacity is large, and for the
shorter (say, down to 200 metres) is small.
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The amplification of each tuned circuit is approximately
. M . :
proportional to IL{C where M is a fixed mutual inductance,

C the tuning capacity, and R the inductance of the circuit
at the tuning frequency. Though R increases with the
reduction of wave length, the capacity C decreases much
faster, hence the amplification for the short wave lengths
of one band is greater than for the longer. An additional
causc of the above effect is that unintentional reaction has a
greater cffect at the short wave lengths. This is only another
way of saying that the cffective R s less at these wavelengths
than is warranted by the copper and other losses.

Figs. 39 and 40, page 77, giving the sensitivity curves of the
A.C. Mains Recetver, Model 32, shows the variations
obtained in a well designed set. If one tries to increase the
sensitivity at 500 metres, the set will amplify so much at
200 metres that it will oscillate. The trouble is greatly
increased in sets using more than one stage of H.F.
amplification.

of
the

The best remedy is to vary the mutual conductance
the screened grid valve or valves, which is a factor o
amplification.  This can be donc in two ways.

g
O
f

Ist: If the grid bias is constant and obtained from an
independent source, vary the screen voltage. Figure 35
shows the relation between the mutual conductance of the
$4V valve with the screen voltage for a constant grid bias
of -3 volts. The wvariation 1s usually carried” out by
connecting a 50,000 or 100,000 ohm potentiometer across
the voltage supply, the screen being connected to  the
movable point.  In commercial sets, where the controls must
be few, this potentiometer can be driven from the tuning
condenser, so that the voltage is approximately correct for
each position. Thus, one can obtain an approximately flat
sensitivity curve.
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;-MUTUAL CONDUCTANCE MILLIAMPS PER VOLT

SCREEN VOLTS

Fig. 35.
S4V Valve. Plate Volts 153, Grid Bias - § Volts.

2nd: Most modern sets obtain the bias by the fall of
potential caused by the plate current passing through a
resistance (sce Figure 11). In this case, the above method
is of no use, since the bias falls as the screen voltage falls,
thus giving approximately constant amplification. In this
case, the best solution is to make the resistance causing the
bias, variable, thus varying the bias.

The curve in Figure 36 shows, first, the plate current and
the value of g corresponding to various grid biases for a
valve S4VA. Between grid bias -1 and -2 the value of g
varies between 243 and 47, the plate currents from
1-74 milliamps. to -32 milliamps., hence, resistance must
vary from 6,250 ohms to 575 ohms to give the bias. One
cannot use a bias less than -1 volt, because grid current
begins and introduces damping into the tuned circuit; it is
not advisable to go below -2 volts, as there may be some
slight rectification duc to curvature of plate current curve.
Here again, one can change the resistance automatically by
the moving of the tuning condenser.
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Liffect of aerial
on tuning of the
First Circuit.

Rewmedies.

In many American sets, the HLE. transformers have primaries
of large inductance, part of which is bye-passed by a fixed
condenser. By suitable adjustment of the two, one can get
a ncarly flat sensitivity curve.

In other cases, an untuncd .F. transformer stage which
self tunes at 550 metres is uscd, thus giving a descending
amplification curve for this stage, correcting for the reverse
effect in the other stages.

In reccivers where the first circuit is tuned by a scparate
condenser from that used for the other circuit or circuits,
this effect is not important——one can always suitably adjust
the condenser.

Modern convenience, however, demands that the condensers
be “ ganged,” and the tuning of all, carried out by moving
one control knob. Now, the aerial effect is serious. Due to
the C()uplm<r, a pmtl(m of the acrial capaul\ is transferred to
the tuning uruut, and reduces the tuning capacity wanted,
this eflect varving with different \V’lvdcngths

If all acrials were alike in capacity, one could fit an automatic
correcting device which would enable the condensers to be
ganged \\lth accuracy. But the capacity of aerials varies
enormous]) making ganging dithcult.

Ist: In such sets as the A.C. Mains Receiver, Model 32, the
condensers are made accurate and ganged ; but the “ stator’
(the fixed blades) can be mov eda small amount independently
of the ganged “rotors” (moving bl‘ulu) by a scparate
control to correct the first condenser for acrial effect. ‘T'his
arrangement, in some form or other, is now coming into
gener ‘11 use for sets, but can be tmuhlcsomg unless suirable
precautions  be dl\Ll], since, except in the case of weak
signals, there is more than one combination of the setting
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of the two controls, which apparently gives the maximum
signal ; it can, thcrcfore never be certain when the receiver
is accuratelv tuned to the signal. This is met in the case of
the above sct, by making the wave length scale accurate to
the tuning of the second circuit, so that the scale can be set
to the desired wave length and the corrector control used
to sharpen the tuning of the first circuit.  ‘This arrangement,
although not ideal, works well in practice.

2nd : Looscning the coupling of the acrial to the first tuned
circuit (Fig. 13) by using less turns in the acrial coil; or by a
suitable scrics condenser in the acrial circuit, will finally
render the acrial effect small enough to enable the condensers
to be ganged accurately.  But, untortumtglv this reduces
the amplm ation of the sct.  When two stages of FLE.
amplification are used, this loss can be mmpenmrcd and
one obtains an eflicient one knob tuning recetver.

With a single stage of 1LF., the result can only be a
compromisc ;  to obtain good ganging one must lose
amplmuu(m though some of the loss can be made up by
increasing the ratio of the FLE. transtormer, or by adjusting
the screen potential or grid bias as just dc.scnbcd.

These very appreciably affect ganging, since they are large
and are a part of the tuning capacity. ‘Therefore, the
minimum values of cach condenser must be adjusted by very
small fixed condensers to be equal. The types of valves used
cannot be changed, and should the valve makers change the
properties of the valves appreciably, the ganging may be upset.

This type of sct, with one stage of H.EF. amplification,
detector, and power valve is, at the moment, very popular,
and the information prev 1<)usl) given, naturally has been
utilised in its design.

Figure 11, page 29, shows the complete circuit diagram of
this set, with values for all the components.
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MEASUREMENTS OF A.C. MAINS RECEIVER MODEL 32.
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Sensitivity Medium Wave Band.

Figure 114, page 30, shows the structure. Except for the
method of screening the second TLE. circuit, the layout
does not appreciably affect the clectrical performance ; other
constructions would give the same result.

3+
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Fig. 39. Fig. 40.

Sensitivity Long Wave Band.

A.C. Mains 32. Input to Standard Aerial Modulation 309 to give 50 Milliwatts OQutput.

<

Figures 39 and 40 show the * sensitivity curves” or the
input, in millivolts or microvolts as the case may be, to a
standard aerial connected to the sct, to give standard output,
viz.: 50 milliwatts, or, in this case, 15-7 audio frequency
volts, across a resistance of 4,900 ohms, the radio frequency
being modulated 309, with a 400 cycles note. Figure 39 is
tor the medium wave band, and Figure 40 for the long wave
band. On cach, curve I is the input in millivolts, when full
reverse reaction is used, the condition fortheleastamplification
and the best quality. Curve Il is when the set is used with
full forward rcaction. This is an indefinite state for the set;
in fact, no doubt, more reaction could be used, but
measurements would be ditficult because of the fluctuations
of the output instrument caused by variation in the A.C.
mains voltages. On days when the mains are very steady,
smaller inputs than those shown will give standard output.
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Fig. 41.
Selectivity curve AC. Mains 32, With forward reaction.
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Figure 41 shows the selectivity curves tor 350 metres and
1,550 metres when considerable, not the maximum, forward
reaction is uscd.

PAGE 78



MEASUREMENTS OF A.C. MAINS RECEIVER MODEL 32.
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Figure 42 shows the fidelity curves for 240 metres,
350 metres, 500 mctres, and 1,550 metres, using full reverse
reaction to get the best quality. A constant input to the
standard acrial is modulated 30°; with notes from 100 cycles
to 6,000 cycles and the output volts measured.
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Figurc 43 shows the fidelity curves when a constant input
1s applied to the grid of the detector valve, thus avoiding
the losses in the H.F. stages. There should be only one
curve for all wave lengths; two arc shown, one for
250 metres and other for 1,500 metres, because in the
mcasurements different percentages of modulation were used.
Allowing for this, they become one curve. The droop at
the high audio frequency end is due to (a) losses in the
audio frequency and output stage, (b) the reduction of
impedance at the high frequencies of the grid leak condenser
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MEASUREMENTS OF A.C. MAINS RECEIVER MODEL 32.

combination.  Mecasuring the audio frequency and output
loss directly, one can obtain the curve giving the loss (b) as
a percentage of the 100 cycles note.

From all these curves, onc can analvse what amount of
high note loss occurs at cach stage. We will compare the
5,000 cycles note with the 500 cycles note.

WAVE LENGTH 350 METRES.

S e .21 .
Overall fidelity. The 5,000 cycle note is 39 Of
the 500 cycles note ... ... ... .. .. 53-8%,

Due to grid leak and condenser it is... ... 949/,

Due to the audio stages 69%

Due to grid leak and audio stages, 94 X 69 = 659

Due to selectivity of H.F. circuits it is ... 82-79%,

TortaL ceo e 94 X 69 X 827 = 5389,
WAVE LENGTH, 1,550 METRES.

Orverall fidelity ... ... ... ... ... ... .. 299,
Due to grid leak and condenser 949,
Due to audio stages ... ... ... .. .. .. 69%,
Due to H.F. circuits ... ... ... ... .. .. 44-69,

ToTAL ... ... ... 94 X 69 X 446 = 299,

From these figures there is a greater loss of high notes due
to the H.F. Stage in the case of 1,550 metres, than
350 metres. The same is very evident in the selectivity
curves. The reason is that 1,550 metres is equivalent to
193,500 cycles, and 350 metres 857,000 cycles, and
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5,000 cycles is a much larger percentage of 193,500 than it
is of 857,000, so, for the 5,000 cycle note, we are much
further off resonance in the 1,550 metre case, than in the
350 metre.

RADIO FREQUENCY AMPLIFICATION OF SET.

I alue of R.I".

roltage which
can be used
at grid of
detector ralre.
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It is found that, with thesc sets, a standard output of
50 milliwatts is obtained from an input of 309, modulated
radio frequency to the grid of the detector valve, which is
constant over the wave 1€ﬂf7t115 200 metres to 2,000 metres ;
such variations which result are less than normal experimental
crror.  For the set used to obtain sensitivity curves of
Figure 39, this input is -2 volts. We can now obtain
the radio frequency amplification.

Thus at 350 metres, a full reverse reaction of 44 millivolt
gives 50 milliwatts output. Hence the R.F. amplification

0-200 . . . . .
= 455. Using full torward reaction, the input is

~ 0-00044

14 microvolts to give 50 milliwatts output. Hence the R.F.
e 200,000 . . .

amplitication = 1’4 = 14,300, which is 31} times the

first figure. Similar figures can be obtained for other
wave lengths.

There remains the question of what radio frequency signal
will be used at the grid of the detector valve in pl‘d(.thC
To find this, we start “with two assumptions. First, that the
B.B.C allow only a maximum modulation of 809, on the
peak passages.  This is their published statement.  In this
connection, we find in the Bel/ Jowrnal, October, 1925, the
statement by Sacia that mecasurements show that “ for
English  speech, the maximum amplitude to mean, 1s
about 5/1.” Hence, a 169, mean modulation would give
a maximum ot 809
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Sccondly : That the user will adjust, so that his power
valve commences to overload when the modulation is 809,
—that is, on the peak passages.

In the A.C. Model 32 Receiver, the power valve P625, with
230 volts on the plate, will begin to overload when an
18 volt R.M.S. signal is applied to its grid. The amplification
from the grid of the detector to the grid of the power valve
is 120, so that the audio signal at the grid of the detector

. 18 . . 0B g .
1s 155 = 15 volt. For this, the efficiency of rectitication is

= ol§),

65°,. Hence, radio frequency volts X 8 X -65
The radio frequency signal is, thercfore, -29 volt.

Referring to the section on rectification, the curves and
figures given there show that there is no appreciable
distortion with such a signal except, that on the peak
transient passages of 809, modulation, some small
percentage harmonic may be introduced.

WAVETRAPS OR REJECTORS.

On page 45 we reviewed the difficulty duc to very strong
incoming signals on the aerial, and showed that the only
thing to be done, was to reduce the amplification of the
receiver most conveniently by a series aerial condenser, to
all signals, and then to increase it by reaction for the wanted
signal to which it was tuned. There is a limit to the
ctlicacy of this procedure, but in any case, the use of much
reaction spoils the music by high note loss.

There is another method of reducing the interference of
strong stations which does not necessitate the use of so
much reaction, by means of what is known as a wave trap.
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It consists of a circuit of some type tuned accurately to the
unwanted station and coupled to the aerial circuit to impose
in this a high impedance to the unwanted signal, and a
smaller impedance to the wanted one (there is another type
of lesser importance). We must warn the reader that though
a well-made wave trap can be very cffective, the best will
not do the miraculous things the public have been led to
expect ; many of those offered are, in addition, highly
incfficient and bad.

L.
[
7|¢c . R
AERIAL OF
‘RE:(‘.‘(.LI\l?; . RECELVERD ‘REcENeR. ACRIAL OF
RECENER.
@ 2) 3) )

Fig. 44.

In Figurc 44 (1), (2), (3), and (4) a tuned circuit (I, R, and C)
is tuncd to the unwanted station. The aerial is connccted
to some point on the circuit, and from some some other
point a connection is brought to the aerial connection of
the set. We have found, both by calculation and by
measurement, that the simplest direct form (1) is no# less
cffective than the others, and so we shall deal with it alone.

The impedance of the circuit to the station to which it is
. L .
tuned is CR- If we made L large, and, therefore, C small,

and R as small as possible, we should get a very great
reduction of the unwanted station, 500 times or more ; but,
unfortunately, the reduction extends to a lesser degree to
other wave lengths that we wish to receive, and would make
it difficult to receive them. Hence, we must be satisfied
with a lesser reduction of the unwanted signal.
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We have chosen for the 250 to 360 metres band a coil of
litz wire wound on a ribbed former with an inductance of
53 microhenries. ‘This, and its tuning condenser, have the
very low resistance of 14 ohms at 350 metres, so that any
results with it are likely to be tne best that can be obtained.

00025«F  254H 250

| AT A

Rk -000672F

e
S0 { l :‘
S=y=J]
ass
!

~ - v
FERRANTI AC MAINS TYPE 32 RECEIVER

Fig. 45.

Figure 45 shows it connected into a standard aerial, and
the first tuned circuit of A.C. Mains Receiver, Model 31 or 32.

Trar TuNED TO 356 METRES.

Tuning wave length of Resistance Inductance
Receiver. o introduced. 1qtroducec}.
Ohms. Microhenries.
356 metres 52600 - 53
356 metres 4- 10,000 cycles 2520 2120
356 metres + 20,000 cycles 638 - 1082
396 metres 41-5 -+ 279
508 metres =17 -+ 104
324 mectres 34 - 252
274 metres Soll® - 77
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The exact effect of the trap depends on the aerial circuit of
the sct to which it is connected, and on the properties of
the aerial.  You cannot be sure that the trap will behave
with one type of set as with another. The table on page 85
gives the amount of inductance (negative inductance is
capacity) and resistance put into the aerial by the trap tuned
to 356 metres whose inductance I. is 53 microhenries and
resistance R = 11 ohms.

Referring to Figure 45, the aerial impedance of the standard
aerial at 356 metres is 465 ohms (capacitative) with the
trap in, the total aerial impedance is 52,600 ohms, hence
the signal of 356 metres is reduced to a first approximation
. . 52600 .
in the ratio 7~ = 113 (the more correct figure allowing
for other factors is 108). But if the incoming signal is
-+ 20,000 cycles away, the aerial impedance is still 465 ohms
without the trap and is 5,740 ohms with the trap in, due
to the — 1082 microhenries introduced (see table). Hence,
the reduction of this signal due to trap is %7;'—50 = 12-3 (the
morc correct figure is 12-9). Thus, contrary to what the
public has been led to believe, the trap in this particular
case reduces the wanted station to less than 1/12th of its
proper value.

On the other hand, if the trap had not been used, the
unwanted station would have had to be reduced 108 to 1
by other means (the series aerial condenser in A.C. 32),
which would also have reduced the wanted station 108 : 1 ;
hence, using the trap, the wanted station is 8 times as strong
as it would have been otherwise. This is a very great gain,
but not the miraculous result often ascribed to the wave trap.
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33 uh. Wavetrap 33 b, R = 15 ohms Tuned to 357 Metres in
Coil, 27 turns of 27/42 Litz 840 Kec. Standard Aerial connected to A.C. Mains 32.

Figs. 46 and 47 show the measurements of the above trap
in a standard aerial connected to the latest A.C. Mains
Receiver, Model 32.

First, on a plain scale for 4 60 kilocycles each side of
tuning, 356 metres.

Secondly, over a broader wave band, the vertical scale
being logarithmic.
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Fig. 48.
Wavetrap in A, 32 Mains. For New North Regional. 179-2 Metres.
1046 ph. R = 3 ohms. Measured Input for Constant Output.

Figure 48 shows similar measurements taken with a trap
designed to cut out 479-2 metres, one of the wavelengths
assigned to the North Regional Stations.  The coil here is
made of ordmnary wire on a ribbed former and has an
inductance of 104-6 microhenries and a resistance at 479
metres of 3 ohms.

These curves will enable the reader to get an idea of the
cffect on wanted stations of various wavelengths, when the
trap is tuned to an unwanted one.

The above deals with the effect of a single wave trap.  But
listeners near high powered Regional Stations will receive
exceedingly strong signals on two wavelengths from the
station, and to be able to receive other stations, two wave
traps in scries may be necessary, one tuned to one unwanted
station and the other to the second. One must know,
thercfore, the combined effect of the two on reception.
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DETECTION,

The Second
Operation.

PAGE $0

The two traps to be considered consisted of two litz wire
coils each of 53 microhenries, and resistances at 356 metres
of 13 ohms, and at 261 metres, 2 ohms, and were tuned
respectively to these wavelengths. By a long series of
laborious calculations one can calculate the cffect, taking
probable values of the resistance of the first tuned circuit
at different frequencies in the set. Curves I and II (full lines),
Figure 49, show the result of such calculations for the wave
traps in serics with a standard aerial and A.C. Mains
Receiver, Model 31. Curve 1 is the amplification from the
input to standard aerial, to the grid of the H.F. screened
grid valve, for the receiver without the wave traps.
Curve II is the equivalent for the receiver with the two
traps in the acrial.  The dotted curves give the results of
measurements made with this set with traps in and out.

From thesc curves, one can sec that therc are quite large
portions of the wave band close to where the traps arc
cutting out the unwanted stations, over which the wanted
signal is greatly reduced. At the higher end of the wave
band, the traps actuallvy increase the amplification of the
combination. This is due to the inductance thrown into the
aerial by the traps, bringing the whole aerial circuit nearer to
tuning to the higher wavelengths.

RECTIFICATION, OR DEMODULATION.

As explained on page 20, the radio frequency signal as
received direct in the aerial circuit, or amplified by the
means described previously, has to undergo the process of
“dctection ” or ““ rectification ” ; or, to give it its proper
nane, “demodulation,” before it can be utilised to operate
headphones or loud speakers. We will now explain the
processes by which this can be done—-that is, how the
audio frequency components corresponding to the music in
the studio can be separated so that they can be amplified
to operate a loud speaker.
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Crystal

Rectification.

<<

Any conductor which is “ non-lincar,” to usc a technical
term—that is, when an alternating current is applied to it
lets more current through when the voltage is positive
than when the voltage is negative, or vice versa—will act
as a “rectifier.” The nonlinearity in our case must be

measured when the alternating current is of radio frequency.

Such a conductor is the usual crystal of silicon or galena,
used in reccivers of the simpler type. Figure 50 shows such
a recciver circuit connected to hcadphones Below the
circuit diagram is the current, signal voltage curve. Its shape

CRYSTAL MICROAMMETER

N ~
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Fig. 50.
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Valre
Rectification.

Aliode Bend
Rectification.
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is almost identical with the plate current curve in Figure 52,
tllustrating anode bend rectification, and the explanation
given there applies to the crystal if one reads instead of plate
current, signal current, and for grid volts, signal volts.

In view of the fact that recent improvements have made it
possible to obtain at least as good, or better, results with
valve rectification, we will not deal further with the crystal.

The valve is used to give rectification, commonly in one
of two ways, namely, “ Anode Bend Rectification” and
“Grid Leak Rectification.” The first depends on the
non linearity of the plate current, grid volts curve, and the
second on the grid current, grid volts curve.

THIS CONDENSER 15
INCLUDED iN AF3 8 AFS, AF3

\
. \ J-
‘ 0003\

MFOD

e

L —iim——=

GRID BIAS

Fig. 51.

Anode Bend Rectification.

Figure 51 shows the connections of a valve to its circuits for
this purpose. To successfully adjust the valve, one must
decide the plate volts (120 volts as a minimum), and know
something of the plate current—grid volts curve for the
valve.  Then the grid bias must be made sufficiently
negative to bring the working point on to the curved
portion of the plate current curve.
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Figure 52 shows the characteristic curve of a particular
valve : the horizontal distances representing the voltage of
the grid A relative to that of the filament C, and the vertical
lines the corresponding plate currents of the valve. Anode
bend rectification is obtained with such a valve by adjusting
the grid bias battery so that the voltage of the grid before
a signal comes in is that of the point X, for this particular
valve - 104 volts. A milliammeter in the plate circuit would
then show a reading of plate current cqual to OA. These
values will vary for different valves, and tables given later
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show this point for typical valves. As valves of the same
type and make vary considerably, some additional
adjustments may be necessary to get the best points.

When the radio signal is received, the voltage of the point A
rises and falls with the frequency of the carrier wave. This
is indicated by the waves from E to F. If the microphone
is receiving music, then the carrier wave varies in strength
correspondingly, as shown by FGH. Looking at the
diagram, it will be seen that if the voltage of the grid rises
above the mean value represented by point X, then the
plate current rises also; but when the voltage, due to the
other, the negative half of the carrier wave, Ellls below the
point X, then the plate current changes or falls by only a
small amount. In the diagram, the current for the positive
half rises from the value A to the value C, and for the
negative half falls from A to O. When the microphone is
modulating the carrier wave, by the note represented by
F G H, the peaks of the plate current, due to positive halves
of carrier wave, form the line C C' D, while those due to
the negative halves keep near the line O O. In the diagram
of connections, a bypass condenser C' is shown in the plate
circuit across the transformer primary. Its function is to
smooth out the very rapid pulses of the plate current
corresponding to the radio frequency signal. In effect, it
gives a mean current represented by the line B B! B and so
acts that when the current is in excess of that mean value
it receives the excess energy, and when the current as shown
in the diagram falls below the mean value it gives out the
energy and maintains the current to the mean value B Bt B.

Another way of looking at this action is to say that C!
by-passcs the very rapid pulses of current corresponding to
the carrier wave, leaving behind the comparatively slow
pulscs of current indicated by line B B, B, which represents
the sound in the studio. This latter, or audio frequency current,
passes through any other apparatus in the plate circuit,
such as the transformers AF3 or AF5. The milliammeter,
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however, cannot respond to the pulses of current represented
by the line B B'B, and only shows the mean current
represented by the straight line B B.

This description applies to all anode rectification, but if
the signal received 1s small, so that the length X E is also
very small, the action occurs wholly in the part of the valve
characteristic curve which is curved. In such a case, the
form of the rectified current B B' B does not exactly
represent the music; some additional vibrations are added.

Mathematical calculations show that in addition to the
original fundamental note, there is an octave or second
harmonic, whose amplitude is T% of that of the
fundamental, where m 1s the percentage of modulation
occurring in the broadcasting station. Thus, if the
modulation is 20°;,, then the second harmonic will be
59, of the fundamental ; with higher degrees of modulation
the amount of harmonic will be so great as to produce bad
music. There is a further disadvantage in working with
a weak signal, namely, that the valve impedance corresponding
to points on the bend of the characteristic curve is high, and
this affects the question of further amplification.

On the other hand, if by suitable high frequency amplification
the variations ot the voltage of the grid of the detector valve
are large, then the current corresponding to the point B
can be well within the straight portion of the valve curve.

If this is high cnough, then the Station can modulate
strongly without the variations of the carrier wave which
represent the music, entering the bend, and so avoiding the
introduction of undesirable harmonics. Further, under these
conditions, the impedance of the valve is at its lowest, and
further amplification is easier. This is proved later by
measured figures, and curves of a good example of anode
bend rectification.
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Radio Meter.

THERMOJUNCTION

TO OSCILLATOR

AA

A

It is possible, however, for the wireless signal, if great
cnough, to make the grid positive during part of the time,
thus causing grid current to flow. This will introduce
serious damping into the tuned grid circuit. In the tables
at the end of this book we give rectified current values
which must not be excceded for typical valves, if this
distortion is to be avoided.

The use of a Radio Meter reading 0 to 2 milliamps, in the
plate circuit of the detector, is very desirable if anode bend
rectification is employed. It enables adjustment of grid bias
to be made, to ensure correct rectification, and it also gives
the indication of the relative signal strength, thus enabling
the set to be so adjusted that the signal on the detector is
always sufhcient to give good rectification and the best
reproduction under all condi ‘ons.

-25"
i
gl
126’

THERMOJUNCTION

A 10,000

Measurements
on Anode Bend
Rectification.
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4VOLTS © VOLTS
Fig. 53.

Set used for Anode Bend Measurements.

Figure 53 shows the detector and single stage amplifier used.
The detector valve is an ML valve, 126 volts on the plate,
connected by an AF5c Intervalve Transformer to two P625
valves in push pull, 230 volts on the plate, coupled by an
OP3c Output Transtormer (1:1), to a 10,000 ohms
resistance in series with a thermojunction. All volts input and
output were measured by resistances and thermojunctions.
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Fig. 54.
Anode Bend 10t Volts 1LLT. G.B. - 6:85 Volts.

Input 3:16 Volts 309, Modulated 100 Cycles (1:17 ma).  Output 123 Volts.
Input 1-3  Volts 309, Modulated 100 Cyeles ( 49 ma). Output 51 Volts.

Audio Amplification Transformer Primary to Output, 12-4,

Curves I and I, Figure 54, show the plate milliamps of
the MHIL.4 valve for various inputs of radio frequency
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(870 metres) unmodulated, to the grid (A B) of the valve,
1. For plate voltage 104 volts; grid-bias ~6-85 volts.
1. For plate voltage 126 volts; grid-bias -9-2  volts.

On cach curve the voltage at which grid current begins is
7 3

marked “X.

The first thing evident (taking curve 11) is its straightness,
once the mnput exceeds 1 vole. 1t is clear that if the carrier
wave mput were 368 volts, causing the plate current to
change from 15 to 115 milliamps—an increasc of
I milliamp-—that the changes of amplitude duc to, say,
70%, modulation, viz.:—1-1 volts to 6-26 volts, would
occur along a part of the curve so nearly straight that little
harmonic 1s mtroduced.  On the other hand, if the carrier
wave were only 3 volt the changes would occur on a part
ot the curve which is parobolic (square law rectifier), and

70 . .
one would then get 4 173% of second harmonic introduced.

The other interesting fact is that for the -52 volt signal the
plate current change is -18 — +15 = -03 milliamps. But,
except tor the very low notes, the audio output, for the
same  modulation, will be  proportional to the milliamp

change.  Tlence, we find for the signal rati 2 ;
change.  Hence, we find for the signal ratio 570 = .
. . . 03 1
that the audio output ratio will be 10— 333, Hence, the
lible output will only be 227 L 6f what it would
audible output will only be "5 4.7 OF what it woulc

have been if the rectifier had been perfect and lincar. If the
rectificr had been one with a squarc law (parabolic), the
audio output for signal ratio ; would have been 1
o 707 50.
When obtaining curve I (plate voltage 104), the following

mcasurcments were taken.  The input to the detector valve
was modulated with a 400 cycle note 309, voltage of 3-16
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QUTPUT VOLTS

(modulated) gave an audio output of 123 volts ; the reduced
input voltage of 1-25 (modulated) gave an audio output of
51 volts, almost accurately in proportion.

The following more complete measurements and curves
were taken with conditions as for curve II. The modulated
input was kept constant to give a constant plate current
of 1:15 milhamps (368 volts unmodulated), 3-56 volts
modulated), the modulation being 3049, with notes from
50 cycles to 8,000 cycles. The measured output volts are
given 1n Table I

QUTPUT VOLTGS. 30'5% MODULATION RF INPUT TO GRID 556 VOLTS CONSTANT

MHLA 126 PLATE VOLTS
AVERAGE MALC SPTAXING VOICE =92 GRID VOLTS
AVEQAGE FIMALT SFCARING VOICT
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