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The Burpham Quick Search Eadio Eeceiver
5.9, 24.
A, SUMMARY,

A description is given of the principles and design of a short wave
receiver of a novel type which has been devalopsd at the Fadic Leboratories
at Dollis Hill and installed at Burnhem Redioc Station,

2. IHTRODU .

High frequency telegraph traffic from shipa is recelved on several bends
of frequencies of the order of 0.25 megacycle wide and located between 8 and
1B megacycles. Ships are liable to call on any frequency within a specific
band and tc chenge frequency within & band on request, in order to avoid
interference, Coupled with the fact that many of the transmitters installed
on Ship board are liable to wander in freguency, this necessitates the use
of a receiver Which can be tuned to any frequency within any one of the baendas
upon which it may at the moment be working, with the least effort and loss
of time on the part of the operator, In the ideal case it should thersfors
be necessary to use only cne control for tuning the receiver within the
limita of any one frequency band.

In addition to the neceasity for easy searching facilities it is
essential that the receiver shall be selsctive, so that if a superheterodyne
receiver 1sa used it must be entirely fres from imsge channsl interfarsnce.
Another moat importeant requirement is that the oversll gain of the receiver
ahall be sufficiently high and distributed smong the various ;rt.a.gaa in such
e way that the thermal noise generated in the circuits preceding the first
valves shall be the major factor limiting the response to signals and

axternal noise.

5. ERVIEW OF EXISTING TYFES OF RECEIVER.
The problem of designing a receiver to conform with the foregoing

requirements is ona of difficulty if it be approached on conventional lines.

The normal eingle demodulation receiver is unsuitable for several
reasons, the moat important being the fact that it is imposaible directly
to obtain sufficient selectivity at the signal frequency.

The only alternative is the supesrhetercdyne recediver. In the efficisnt
superhetercdyne receiver, protection must be provided against image channel
interference which is liable to be produced by signals spaced on one side
or other of the desired signals by a freguency interval equal to twiks the
intarmadiate frequency, or twice the beating ocscillator frequency, whichever
is the less.* PBut on the normal puperhetearcdyne receiver used on high
frequencies, the intermeadiate frequency is made much lower than that of the
pignal. in order that the requisite Belectivity may be introduced with
comparative ease, and the scurce of image channel interference is therefore

* See appendix L.
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closely adjacent in frequemcy to the signal it is desired to receive. This
necessitates the use of several atages of signal frequency. selectivity. For
point to point working, in which a receiver may operate on the same fraquency
for hours at a time, these atages of selectivity which have to be tuned to
the signel frequency cause no trouble. When searching over a band of
frequencies, however, it becomes necessary to vary the tune of all the signal
frequency circuits and of the cscillator, either separately or from a commen
contral. The former method is obvicusly unsuitable in the preaent case,

and the latter involves the accurate alignment and eontrol of i:athapn thras
signal frequency circuits and the beating cscillator by some system of
mechanical coupling; an arrangement which from a pursly technical point of
view is very difficult, particularly when low resistance circuits are usad,
and it becomes even more awkward when introduced in a receiver which must be
accessible, essy to maintain, and of the highest efficiency,

4, FRINCIF ICK S VER,

With & view to avoiding the necessity for all but the simplest
protection against image channel interference, a novel form of superheterc-
dyne receiver, introducing other desirsble features at the sams time, has
been developed in the Badio Laboratories at Dellis Hill. This will be
referred to in future as a "Quick Search” receiver,

The essential prineiple of the receiver is the employment of an
intermediste frequency higher than the highest signal frequency, the beating
oscillator operating on & higher frequenmcy still, so that the difference
beat is still selected. This increases the spacing between wanted eignals
and image channel interference to such a high value that a single tuned
circuit provides more than sufficient discrimination. '

If the beating oscillator wers made to function at leas than the
intermediate frequemcy, and the sum beat frequency employed, the whole
edvantage of apploying a high first intermediste frequency would be loat,
for image channel interference would only be separated from the desired
signal by twice the oacillator frequency, which would grow less and less
a8 the signal frequency increased. Apart from this, the arrangement
adopted enables the receiver to operate on all frequencies of megnitude
appreciably less than the firet intermediate frequensy, for changes in
ofeillator frequeney of less than 100 per cemt. of its lowest valus. Thia
feature renders coil changes in the oscillator unnecessary, moreover it
has the added advantage that it spreads the signal frequemcy spectrum more
or less uniformly over the tuning ranges of the beating ocscillator.

Eapecially on high frequency receivers, the use of an intermediate
frequency higher than the signal makes it impossible to obtain a satie-
factory degree of selectivity without resorting to extreme measures such
as erystal filters, rsaction, ete. In addition, the possible gain per
intermediate amplifier stage is thereby reduced to a low value. Theae
dissdvantages are overcome by using & second frequency change, followed
by a second intermediate frequency smplifier cperating on & much lower
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frequency. The main selsctivity and smplification of the receiver are
introduced in the second intermediate frequency mtages, the first inter-
mediate frequency stage facilitating the removal of image channel inter-
ference.

By these means the essential tuning controls of the receiver are
reduced to two, the main control which adjusts the frequency of the first
beating oseillator and one other which adjuste the tune of the input
eireuit and need only be used cceasicnally, when searching over a wide band.

It may here be mentioned, that since in thie type of receiver the
signal frequency is always lower than the first intermediate frequency,
and image channel interference is always higher, it is possible to eliminate
imege channel interference by employing an electric wave filter cutting
off at a little above the highest frequency on which it is desired to
receive, Bo a8 to dispense with a tuned input ecireuit. This has not been
done in the present receiver for the following reascn.

In all receivers there is a well defined limit below which noise
voltages spontanecusly generated in the first valvea and in subsequent parts
of the circult cannot be reduced, and it is therefore necessary to apply as
large a signal veltage to the firet grid filamemt circuit as possible, in
order to obtain the best signal/noise ratio. If thersfore the considerable
voltage magnification of & low resistance tuned input eireuit is not
moployed, a large reduction in the signel/sst noise ratic amounting to 20
or 30 decibela muat result.

For thiz resmson it is undssirable to dispemse with & tuned input
circuit on a receiver designed to operats when necessary on as low an input
signal voltage &8 possible.

Theres are, however, scme advantages to be gained from the use of a low
pass filter in addition to & tuned input eircuit which will be mentioned
later.

§, OUTLINE OF EECEIVER DESTGH.
The essentisls of the receiver ars indicated in the outline diagrem

phown in drawing WL. 12E21, the more important features being discussed
in some detail in the following sections.

6. 1. The Choice of Pirst and Second Intermediste Frequencies, = Although
the quiek search receiver is intended primarily for use on frequencies
betwsan 8 and 18 megacycles, it has besn designed to operate on fregquensies
88 high as 25 megacycles and experimentally down to frequencies of the order
of 0,1 megacycles. It should be menticned, however, that in this particular
recaiver considerations of selsctivity limit the lowest frequency on which
it may usefully be employed. The selectivity has been adjusted to the
optimm valus for the class of traffic for which it is primarily intended;
when, however, this selectivity is translated to the lower radic frequencies,
whers telegraph stations operats with frequency separations perhaps as low
ag 8 fraction of a kiloeycle, it becomes guite inadequats.

L
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The highest frequemcy to be received haviog been fived at 25 megacyoles,
30 megacycles was chosen as suitable for the first intermediate frequency.

In erder to provide for reception on all frequencies from 25 megacycles
downwards, the minimmm range to be coversd by the first beating osecillator
wes fixed at 30 - 66 megacycles, a frequency ratio of less than 1 ; B,

Under these circumstances the signal frequency selectivity has to
provide sufficient discrimination to eliminate image channel interference
from signals spaced 60 megacycles from the desired signal.

In & similar way the first intermediate frequency selectivity has to
protest subssquent stages of the receiver from what may be termed second-
order image channel interfersnce which is liable to be produced by signals
spaced from the desired signals by twice the second intermediate frequency.
If the first intermediats frequency circuits be regarded as the signal
frequency circuits of a normal superheterodyns receiver operating on 30
megacycles, the necessity of protecting against second-crder imags shannael
interference becomes more spparent. The choice of the second intermediate
frequency was therefore based on estimates of the sel sativity to be
obtained in the first intermediate frequency amplifier, a small allowance
being made for the signal frequency selectivity provided by the first
tuned circuit. A frequency of 600 kilosycles was adopted, for which the
diserimination of the preceding circuits against second-order image
channel interference wes always greater than &0 decibela.

When receiving on the high frequency emd of the operating range, the
signal may not be widely removed from the first intermediate frequency, 8o
that the initial selectivity will not diseriminate very highly against
possible interference on a frequency corresponding to the first inter-
mediate frequemcy. For exsmple, when the particular receiver described
in this report ia operating on the higheet =i gnal frequency of 25 megacycles
the initial selectivity will only provide ralative attenuation of the order
of 20 decibele for interference on 30 megacycles and the latter will be
pessed by the first demcdulator functioning as en amplifier, and be
amplified by subsequent stagea of the recsiver. The band of frequencies
from which this interference may originste is fixed in the fragquency
spsctrum and is alsc restricted in width by the seccnd intermediate
frequency selectivity; moreover the protection apaingt this interference
is conslderably grester whem the receiver is operating on the signal
frequencies for which it is primarily intended. It may be mentioned thet
interference of this kind has never been experienced on the quick search
receiver, but the possibility of its ceourrence is a factor which should
be given some momsideration when exsocuting a design.

B. 2. Ippuk Cirguyit. It will be seen from ths diagram that an inductivaely
eoupled input eircuit is uaed.

Sinee the input eireuit functions at the signal frequeney, aeveral
coils are needed to cover the wide range of frequencies efficiently. These
goils are mounted on plugs, coil-change being readily effected from the

front of the receiver. It may be pointed cut that it is the Input Cireuit
.
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only which requires a change of coils in order to cover the whole
frequency ranke of the recelver.

The primary winding is connected to the antenna system through a
balanced transmission line, the secondary winding is tuned to the signal
frequency, and the coupling between the windings is adjusted so that in the
middle of the frequency band covered by any specific coil, the impedance
presantsd to the transmission line approximatss to the charmetaristic
impedance. Inductive coupling has been employed instead of tepping the
tranmmission line directly across a portisn of the tuned cireuit, in order
that the characteristic impedance to earth of ‘the two sides of the trans-
misaion line shall not place an additional load smcross the output terminals
of the first beating oseillator.

6. 3. Firet and Secopd Beating Oacillators. It will perhape be considered
that the necessity for the use of oscillators on frequencies as high as §5

megacycles is a serious dissdvantage, particularly where hetercdyne
recoption is employed. That this can be a serious obstacle to the con-
struction of & suceessful receiver must be admitted, for when receiving
on & wavelength of 15 metres the frequency of thq. Eiret beating oseillator
alone has only to change by 10 parts in a million, for the audio frequency
beat note to change by BOD cyclea.

The Esdio Section of the Post 0ffice has; however; already developasd
to a high degres the technlque of building constant frequency oscillators
and &8 & consequénceé no trouble has been experienced due to veriation in
frequency. The receiver may be used the moment it has been switched on
a8 the initial frequency drift is so small ms to be inapprecisble.
Moreovaer, it has been found unnecessary to employ Barretter tubds, or any
other means of maintaining the power supplies more constant than those of
the normal common batteries fitted in a radio station. In fact, whan
opérating on amy saignel frequency within the range of the receiver, the
low tension supply voltage may be varied by 10 per cent. or more without
the heterodyne beat note paasing out of the range of andibility; the
performance is somewhat more sensitive to changses in anode supply voltage
but variations of the order of several volts may be made with the same
Tasult.,

In view of the importance of the ocscillators as a factor comtributing
to the succeasful design of a receiver of this type, & relatively detailed
desoription of the design will be given, This may be supplemented by an
examination of a photograph, attached to this Report, which shows & similar
type of oscillator, designed to operate on a somewhat lower frequemcy.

A push-pull oscillating circuit is used, of the type indicated in
drawing WL. 12822. Grid biss ie provided by the voltage drop developed
across the grid leaks due to grid current. It may be mentioned in passing
that unless grid current can be completely eliminated, and this involves the
use of very high ancde voltages, grid leak bisesing provides a very
valuable method of reducing freguency warjations dus to grid curremt, a
most potent source of frequency instability.

g - -
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The oseillatory circuit comtrolling the frequency of cscillationa
has bean desipgned to have as low s resistance as possible, and all the
elaments of the cirecuit are extremely rigid, so that the frequency of the
ofcillator shall not be susceptible to wvibration. The whole ocscillatory
circuit is enclosed in a lagged box 8o as to protect it from repid changes
in temperature dus to heat generated in the valves or to changes in the
ambient temperature.

The tuning condenser is & very important pert of the cscillator
design, for the frequency control of the firet beating oselllator is the
main tuning adjustment of the whole receiver, end is in use almost continually.
The capacitance can be varied continuoualy by & rotating plate series gap
condenser and in steps by a switch which comnects in parallel the
individually insulated plates of a fixed air condenser, the change in
capacitance for one step of the latter being somewhat smaller than the range
of continuous variation of the former. By using these two condensers in
combination the capacitance variation is spread over sixteen ranges each of
which corresponds to 180° movement on the continucusly variable condenser
dial. Attached to the report is s photograph of & condenser aimilar to
thoss employed in this receiver but having a somewnat higher maximum
capacitance.

The freguency of the oseillator is rendered indespemdent of adjustments
made to the external circuits by & buffer stage of screen grid smplificatiocn.
The sncde eircuit of the buffer stage is tuned, the output power for the
demodulator being cbtained by inductive coupling. In the neighbourhood
of optimum heterodyne input the variation of detector efficiency with
besting ocscillator voltage is very flat and if the latter is gorrectly
ad justed it only becomes necessary to retune the anode eirculit ulf the
first beating oscillator buffer atepe when changing the csecillator frequency
by & large amount.

Detaila of the physical construction may be sesn in a photograph
attached to this Eeport. The thermally insulated box sontaining the tuned
circuit of the cecillator lies on the left-hand side of the picturs; throogh
the open door of the box the coll and part of the variabls condenser may
be sean. The oscillator valves are located immediately above this box
and the buffer stage screen grid valve projects through a screening
partition which seperates the oscillator stage from the rest of the unit.

6. 4, The First Demodulstor. The voltages due to the signal and first
beating oscillator are combined in the first tuned circuit of the receiver
and applied to the first demcdulator.

A balanced demodulator is employed here as in later stagee of the
recelver; the theory underlying its action is cutlined in Appendix II.

In the case of the normal, unbalanced demodulator the ocutput containe
the sum and differsnce of the input freguencies and the asecond hammonics of
the latter. (Appendix I). Moreover if the input signal had consisted
of two or more frequencies the output would have contained the sum and
difference of all these and the beating oscillator frequency, taken two

=B =
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at a time, and the second harmonics of all the input freguemcies. A
supernetercdyne receiver employing &n unbalanced demcdulator would under
these conditions respond to a greater or lesser degree when any one of these
products of demodulation corresponded to the intermediate frequency. If,
however, & balanced demodulator iz used the sum and difference frequenciea
produced by signals beating among themselves, tend to balance out and a
corresponding freedom from spurious responses is cbtained. These properties
ars not merely of valus when developed in the first demodulator of a
receiver, they are of conslderable advantage elaewhera,

The unusual method of injeeting the voltage due to the first beating
cecillator ie of scme interest. In the Quick Search receiver, in contra-
distinction to the conditions cbtaining with & normal superhesterodyne
receiver, the frequency at which the first beating cscillator operates is
always very much greater than that of the signal. Owing to this, the
normal method of connecting the beating oscillator to & balanced demodulstor.
as atemplified by the cutlines of the second and third demedulater circuits
in drawing WL. 12621, cannot be applied hers; the high reactance of the
eoil due to incomplete coupling between the two halves, and the relatively
low input impedance of the demodulator valves, make it impossible to
develop sufficient potemtial from the first beating ocscillator. At the
high frequenciss at which the first beating oscillator cperates, however,
the reactance of the thres slectrode variable condenser in the firet tuned
eireuit is very small, morecver the resctance from the centre electrode to
one side is only half the total, so that in this case the artifice of
injecting the beating csclllator voltage via the centre electrode of the
wvariable condenser has been adopted., TFixed sondensers of 20 micro-microfarads
capacitance have been connected from each side of the varisble condenser
to the centre electrode so that the reactance between the centre slectrode
and the grid of one of the dempdulstor valves is always less than the input
lmpedance of the valve, and the potential drop mcross the condesnser is
always small compared with that developed between the grid and filament.

The anods eireuit of the first demcdulator is tuned to 30 megacycles,
the first intermediate frequency, and there iz thersfors an inductive
impsdance of considerable megnitude in the ancde circuit at the higher
signal frequencies, If triode valvea were used in the demodulator, the
relatively high grid ancde cepacitance and the inductive load would cause
the input impedance of the valves to have a negative resistance component,
which would be liable to cause instability. Scresan grid valves are
therefore used in the first demodulator in order to reduce the grid-ancde

capacitance and prevent such undeairsble reaction effects,

§. b, Hepaining Unita. The rest of the receiver is designed on the lines
normally followed by the Eadio Section of the Poat 0ffice Enginesring
Department in the conetruction of high performance short wave super-
heterodyne receivers.

The first intermediate frequenoy smplifier consists of three push-pull
etages of screen grid amplification, the selectivity being provided by low
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registance tuned anode circuite,

The second demcdulator and second beating cscillator have been
briefly referred to already.

The second intermediate frequency amplifier consists of three stages
of screen grid emplification coupled by sections of band pase filter which
provide the necessary selectivity. Working adjustments of the overall
gain of the receiver are nadi.by means of a resistance network between the
firat and second stages of thils amplifier. Sufficient smplification is
introduced pricr to this point, to prevent the loss introduced by the
gain gontrol from degrading the signal/set noise ratio,

The third demodulator is alsoc of the balanced type and as hestarodyne
reception 18 nommally used & third beating ocseillator is provided. At
times, however. esipgnals have to be recelved from transmitters which suffer
fram severe frequency variation, and hetercdyne reception is uncomfortsble
under these conditions, as the frequency of the beat note changes and may
even wander beyond eudibility. An alternsative method of reception is
provided for use in such cases, in which the second beating osecillator
ie modulated at an audic freguency, so that the beat note resulting from
the interaction of the signal and the output from the second beating
oseillator is correspondingly modulsted, and cme of the third demodulator
valves is switched off. Signals then become audible at the output of the
third demodulsator without the use of a third beating oscillator, and the
note is of course independent of the frequency of the stétion. The latter
arrangement is not, however, prefurn‘bla to hetercdyns reception when
Jemming is present, for when employing it all signals are modulated by the
BAmMS fraqubncy, and it becomes impossible for an operator to gxai‘ciﬂa
aurel diserimination.

The receiver proper ls terminated by an audic frequency smplifier
to the output temuinals of which the operator's headphones are connected.

The cperation and maintenance of the receiver ia facilitated by the
provision aof a comprehensive system of adjusting and monitoring the power
supplies, and by connecting the input and output circuits of the second
intermediate frequency and audio fregquency equipment to jacks.

Detailed eireuit disgrams of all the units comprising the receiver
have been filed with the main copies of this report, only those diagrems
of units of particular interest being attached to the other copiea.

6. MECHANICAL CONSTRUCTION.

The general appearance of the receiver and some details of its physical
construction may be seen in the photographa, and the various units may be
identified with the aid of the key to the front view of the receiver given
in Drewing WL. 12523,

The receiver is T feet long, & feet & inches high, and approximately
1 foot deep from the front of the panels to the back of the covers, which
were of course removed when the photograph was taken.

A most important requirement of the design, and one to which all
considerationa of technical expediency had to be subordinated, was that of

=R
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placing the main controls, which may be used almost continually, at the
most convenient operating level. These may be seen in one of the
photographs at the bottom of the first demcdulator and first beating
oscillator panels, and arranged immedistely above the ahelf,

The antenna system is connected to the receiver through a two wire
transmission line which is joined to the terminals projecting above the
top of the receiver. A subsidiary transmission line enclosed in metal tubas
connects these terminale to the first demodulator umit.

Other points in connection with the construction of the receiver ars
not of sufficient novelty to warrant detailed description in this report,
the main object of which is to describe the underlying principles of a new

type of receiver.

7, FERFQ

Calibrations and certein technical data relating to the performance of
the receiver are attached in the form of a number of curvea.

The overall selectivity has been adjusted to the optimum for the class
ef traffic for which the receiver has been designed,

In view of the difficulties involved, no actusl measurements have been
made either of the discrimination agsinst image channel interferance or
of the suppression of interference from signals correspending to the first
intermedinte freguency. In practice, however, no interference has been
experienced from elther source,

The overall gain is more than sufficient toc make set noise the only
factor determining the minimum radic frequency input voltage thet may be
detected on the receiver. .

When using the third demcdulator with the third beating oseillator so
that the response of the former is a linsar function of the input, the
overall set noiese under working conditions is of the order of 3 decibels
sbove that originating in the circuite preceding the first valves of the
recelver, 8o that if all sourcea of noise octher than that due to thermal

agitation in the first tuned circuit were removed, an improvement of the

order of 3 decibela only could be attained,

In & receiver which smploys three beating cscillators it is to be
expected that a number of spurious beat notes between harmonica of the
various oscillatora will be experienced. In passing through the tuning
rAngs of the receiver from the highest frequencies down to 1.5 magac;,n:‘.lun,
with the receiver adjusted to ite most sensitive condition, three spurious
beat notea have been observed,; and twelve others are present in the range
between 1.0 megacycles and zerc freguency. Thess are produced when certain
low order harmonice of the first and second beating cscillators have a
mutusl frequency differemce corresponding to the firat or second inter-
mediate fraquencies. Small voltages correaponding to these harmmonics are
induced in the cireuits preceding the firat and second demodulators and these
give rise to beat frequencies which may be amplified by subsequent stages

of the receiver.
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As has been previously memtioned the receiver described in this Report
has been designed primarily for use on certain bands of frequenciss between
B and 1B megacycles and since for frequencies extending down to 1.6
megacycles only three spurious beata, arranged to oceur outside the working
bands, can be detected, these are of no conseguence,

Eeference has already been made to the performance of the high radio
frequency oscillators incorporated in the receiver and further comment is
unneceasary.

The receiver was installed at the Fost Office Eadic Station at Burnham-
on-5ea, Somerset st the beginning of March this year and has been in use
continuously since that date without any trouble other than that occasioned
by a faulty valve.

It is permissible to say that from the engineering point of view the

performance of the receiver is highly satisfactory in all respects.

8. WITUEE DEVELORMENTS,

After the present receiver was designed it became apparent that in
this particular application of the quick search principle, several advantages
were to be derived from the use of a low pass filter cutting off just above
the highesat signal frequency it is desired to receive, in additiocn to a
tuned input eirecuit.,

At present o amall smount of power from the first beating ocseillator
of the order of microwatts, is fed back into the radic frequency transmission
line connected to the receiver, The addition of a low pass filter of the
type menticned mbove, betwean the external transmiseion line and the first
tuned circuit would reduce the power fed back to a negligible smbunt and
80 eliminate the posaibility of any interference, by way of "throw-in" to
other recelvers, arising from this scurce. The filter sould morecver be
ineorporated in the short trenamission line which connecta the input terminsals
ocn the top of the receiver to the first demodulstor unit and this would
enable the combined filter and transmission line to be designed to have a
characteristic impedance equal to that of the externsl transmission lins,
wWnich approximates to 600 iﬂq chme, whereas at pressnt the impedance of
the internal transmission line alone cannot he mads eufficiently high.
Moreover, the use of such a filter would result in an increasasd protection
against possible interference originating in signals having a frequancy
nearly identical with that of the first intermediate frequency amplifier.
Finally, the already substantial protection agsinst image channel inter-
ference would be still further incressed.

$, CONCLUSION,
A new type of receiver has been developed which is highly sensitive,
selective and yet may be tuned over a wide range of frequencies with ease.
A deacription is given of a particular short wave receiver of this
type which has been constructed and installed at a comst station and is
being employed on the reception of telegraph traffic from ships.

- 10 -
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It is anticipated that receivers embodying the seme principles
could with adventage be substituted for those of the more conventional
type in all cases where high performance and ease of contrcl are of

importance. The neceasary development is already in hand.

Rota 3843 Ra./34,

- 11 -




Heglecting steady values, let the characteristic of a demodulator be reprasant-
ed by:-
i= By + Ove
where 1 is the output current and v is the input voltage.

Let v = Painw/'y t + Q ginw,_ t, the two components in order being the

2
beating oseillator and signal voltages. Substituting for v we get:-
1=B(Painvt+Qainwytl + 0 (P ain?wt + 2 sin 0t sin upt + Painuyt)

= B (P sin Wit + Q ain '-'-'21-] + 'f.-|:£; E; cos 2 wt + N cos [-‘#1 - UE]t
2
g cos {l-".n.-'l +Walt + H._E_';é coa E“‘IEJ
.

From this it will be seen that frequencies corresponding to the sum and
differance of W, end U, appear in the cutput from the demodulator. If t; is the
intermediate frequemcy, then, in the absence of signal frequency selectivity, the
recelver will respond to signals correspending to the valuea of Uy given by the
following relationship: -

o = lwltwl

Cass 1. W € Sines in this case W, .
= 1 iie less than W) 4hnore san bé no

solution for the positive sign, but for the negative sign:-

. = {..:' - 'U
“i b b
= ("
ity = LN
i
‘Casa 2, W, ,‘_t"-"i. For the positive sign

Wy = o el
that is Wp = ) -4

and for the negative sign

u.
i

(CRC

but since w, ). the expression within the brackets must be negative and we have

=
bt Rty s

| that is wWgo =w,  + &,

Eur combining the last two sclutions

I‘ 'I.J
1 wznﬁu‘itl
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From thesa results it is

clear that the two frequencies to which the

receiver will respond are separated by an interval gqual to twice the inter-

mediate freguency or twice the beating cecillator frequency, whichever is

the lessar
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Appendix II,
Approximate Theory of Balanced Demgdulator.

A typical form of balanced demodulator employing triodes is shown in
drawing WL.12524, but it should be clear that the following treatment may be
applied squelly well to similar forme of demcdulator employing diode rectifiers,
metal rectifiera, etc.

Let the input aignal develop an instantaneous *rr:!lt.u.gu 2 v, scross the
secondary of the input transformer, the two halves of which are in series
aiding, and let the instantaneous value of the beating oscillator voltage be
V.+ The signal will excite the two rectifiers 180° out of phese and the
beating cscillator will excite them in phase so that, assuming the voltages
are additive for valve 1, the total input voltages will be given by

'll'l = TD +* "||‘.

12=?D—‘|'a

Let the characteristic of each rectifier be represemted by
i=Bv+Cuye .

As the ancde currents i, and ig flow in opposite directicns through the
two haelves of the primary winding of the output transfemmer, which are also
connected in series aiding, the current i, in the secondary will be
proportional to the difference, that is, .

K (4 - &)

1

but i Blvy+vw,) +C [vﬂ + vl]E

and ;LE:Bhr -v.]qr{:[vo—v.]'g

a

vhence i. = K (B. 2vy + C, dwvgyv,)

If v, ® P ain "-llt
and if the signal input containe two components having different

frequencies represented by
Ve * QeinW,t + R sin Yat

then substituting for v, and v, and expanding
i, = KE[28 {Q oin Ut + B in Ygt] + 2 C {PQ cos (¥ - ) ¢

- B cos (Y] + W) t + FR cop (W, - W) t - PR cos (¥ + “slt}J

The output from the demodulator only contains the original signal
frequencies and the sum and difference beats of each signal component with
the beating escillator input; +the second harmonice of the signal componenta,
the beats between them, and incidentally the beating oscillater frequency
being absent, In practice these latter components #ill not of courss be
entirely balanced out owing to dieajmilarity in the valve characteristics
but theis strengthe will be much reduced below those of the corresponding
products from an unbalanced demodulator.

Eota 3843 Re./34.
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