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ji2ow Deen Defore the pub-
M|lic for four and a half
gl years and has achieved a
B popularity . and reputation
siever approached by any
other type. It is often
ecusidered simply as the embodiment
»f a siogle feature, the neutralisation
of capacity coupling. But this is far
from the truth, for several other im-
portant and mnovel elements . entered
into its make-up and contributed essen.
tially to its success. As discussed in
some detail below, .these eleiments in-
cluded, -in particular, the climination
of all conpling between funed circuits,
the use of high stepaup ratio in the
interstage radio-frequency transformers,
an antepna circuit closely coupled to
the first tuned circuit through a step-up
transformer and tuned together with
this circuit, the.electrically similar ar
rasgement of all of the tuned circuits
so: that tlie dial settings are practically
alike and the mounting of all of the
radio-fréquency tranmsformers in the
same manner but at a particular angle,
which results in no magnetic conpling.
Some of these additional features have
since been copied and applied to other
receivers.

Wearly all commercial neatrodyne re-
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waswaiog LE neutradyne receiver Ig f the set which is causing them, but

they are also likely to be atnoying to
his neighbours, for the oscillating set
and its aerial coustitute a ' miniature
radio transmitting station. In  some
neighbourhoods the squeals of oscillat-
ing receivers produce such a chiorus as
often to prevent the reception of en-
joyable progranimes.

Hven when a regenerafive receiver is
not oscillating, it may be distorting the
broadeast programme in a way that is
not always recognised. This distortion
is due to the fact that when the re-
generation is adjusted guite close fo
the oscillating point it makes the re-
ceiver so highly selective as not to re-
spond {o tlie high-pitch components of
the music so well as to the low-pit
components. ‘fhe result is that, al-
though the music may come in loud,
the low pitches are accentuated, and
its character is lost. :

REGENERATION UNDESIRABLE.

With the valves now-in general use,
and with well-designed coils and con-
densers, it is possible {0 make receiv-
ers ‘for the broadcast wave-lengths
which are naturally as selective as is per-
tissible without the distortion just re-
ferred to. Y¥or this reason regenera-
tion, even below the oscillating point,
is not desirable.

Since the introduction of the nentro-
dyne receiver, there have been develop-
ed certain other receivers which do

ceivers mow comprise two stages of

not eliminate regeneration, but which

enter: Fivst, by magnetic coupling, or
mutual induction between the coils;
second, by capacity coupling, due to
capacity between the grid and plate of 2
vacuum tube and to various other
capacities between coils, condensers, and
lead wires, and, third, the inclusion of
some apparatus or simply connecting
wires in the paths of the radio-frequency
currents of the different stages.

REDUCING COUPLING.

Magnetic coupling between the coils
is avoided by mouating them with the
axes in cettain relations, If all of the
coils are to be mounted in the same man-
ner, thewr centres should be on the
same straight line and their axes should
make an angle of about 55 degrees with
this line. This method of coil mount-
ing is one of the most conspicuous fea-
tures of the neutrodyne receiver. There
is a form of magnetic coupling that has
sometimes given  trouble to home con-
structors; and this is the presence of a
closed loop in the wiring or supports
which is coupled magnetically to two
or more of the coils and so serves to
couple these togetber, For example,
sometimes the positive and negative fila-
ient leads are run some distance apart.
As these leads are connected together
through each filament, closed loops are
formed. The obvious remedies are to
avoid closed loops in the supports and

Int case a bias hattery, or C bLattery,
is uwsed in the radio-frequency amipli-
fying tubes, it is even miote necessary
to use a large condemser shunting this
battery, connected analogously ito C.
Buf even a single condenser so contect-
ed may not. suffice, in whicli case a
separate condenser is used for eacl of
the amplifying tubes, connecting direct.
ly from.the terminal of the secondary
coil to the filament. It has not been
found essential to use C batteries with
the radio-frequency amplifying tubes;
but a C battery with the aundio-fre-
quency tubes, as designated by C in the
diagram, is of distinct advantage when
a loudspeaket is used in increasing the
audio-freguency amplification and im-
proving the quality.

NOT EASY TO BUILD.

The various forms of possible coupling
described in the preceding paragraphs
are sometimes very elusive in the de-
velopment of a new model. Yor this
reasont home constructors have frequent-
I been disappointed in their neutro-
dyne receivers becange they fiud them-
seives unable to ehmunate regeneration
and oscillation. While the neutrodyne
receiver, euce properly arranged and
neutralised, is simpler to operate than
most regenerative sets, it 15 not so easy
to constract with satisfaction; for in a
regenerative set one form of regemnera-
tion can be combined with aunother,
cither assisting or opposing, or can
counteract the effects of losses, where-
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theostat for thie iwo radio-frequency
valves together is nseful for coutrolling
the volume of the sound. Ior goon
loudspeaker operation without overload-
ing of the detector valve two stages of
andio-frequency are preferred. If both
stages are to be employed at all times
a single rheostat for the two andio-fre-
quency valves is appropriate

Prohably —almost everyone who has
operated a nentrodvne receiver has
noticed that the three tuuing dials
read nearly alike for each wave-length
setting, and has had the idea that
these three adjustments might better
be made simulianeousiy Ly gearing the
dials together, or, better, Ly tnounting
the rotors of the three tuning con-
densers on the sgme shaft.

This has beesi - successfully accom-
plished, and tuning much simplified, °
and it is, therefore, pructically impos-
sible to pass through the adjustment
of any given stalion having an audible
signal strength without Tliearing it.
The manner in which this simple fix-
ation of tutiing has been 3ccomplish-
ed has heen the improved manufac-
turing methods enabling condensers and
inductances to be so accurately match-
ed in . characteristics that the con-
densers can be stmultaneously mnotated
by a sipele control, and precision of
tuning in  each stage maintained.
When antennae of varions capacities
are used, the difficulty of absolute pre-
rision is overcome by inserting a com-
pensating control in the ipterior of
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tuned radio-freguency amplification, a
valve detector and two stages of andio-
frequency amplification. Some audio-
frequency amplification is necessary in
any receiver for operation of a Joud-
speaker, because a detector valve alone
cannot give sufficient output without
distortion. On the other hand, more
than two stages of tramsformer andio-
frequency amplification is likely to re-
sult in excessive disturbing noises, due
to mduction and to irregularities in
valve and battery operation; so the fur-
ther amplification usually desired must
be at radio frequency. Radio-frequency
amplification can be made much higher.
for the same number of valves, when
each stage is tuned, and such tuning
has a marked additional advantage in
increasing  selectivity.

E¥FECT OF TUNED TRANS-
: FORMERS.

The tuning of the interstage trans-
formers has an effect similar to the tun-
ing of the plate circuit of a valve—
that is, it makes the capacity coupling
betwgen the plate and the grid effec-
ftye in producing regeneration and fre-
quency oscillation. As everyone knows
an oscillation in a receiver is the cause
of objectionable “sqneals,” due to the
beat note produced with the carrier
waves of hroadcasting stations which
are not quite in tune. These squeals
are,not only aunoving to the user of

Lay-out by the originator of the Neutrodyne which so wonderfully promoted quality reception.

prevent or conirol oscillation in some
other way, usually by the introduc.
tion of some source of loss in the ra-
diofrequency circuit., Theory as well
as practice indicates that a cwre is bet-
ter than a palliative, and that the neu-
trodyne receiver which eliminates re-
generation will give the greatest am-
plification, coupled with freedom from
distortiost. .

STATIONS EASILY LOGGED.

There is another reason for prefer-
ring a receiver which has no regenerative
control, and this is the convenience in
being able to “log” stations once heard,
with the confidence that the dials may
be set at the same points and the station
again picked up at any future date when
it may be broadcasting. This is not
nossible with a regenerative receiver:
for the regenerative adjustment is de-
pendent on the condition of the bat-
teries, and the tuning adjustments will
be dependent on the regenerative adjust-
ment. In the neutrodyne receiver, on
the other hand, all adjustments are inde-
pendent of one another and the tuning
is 10t affected by the condition of the
batteries.

Regeneration is avoided in the neu-
trodyne receiver by eliminating all coup-
ling between the tuned circuits. There
are three ways in which coupling can
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to run the two filament leads close to-
gether,

The theory of the neutralisation of
capacity coupling las been explained
quite often, but will now be briefly re-
viewed. Referring to the diagram, sup-
pose that a disturbance is started in the
second tuned circuit, T1, This will cause
a current to flow through the capacity be-
tween the plate andthe grid of the tube
RF1, which current would then tend
to flow through the first tuned circuit
‘fa, building up a -potential on the
grid and causing regeneration. How-
ever, at thie same time a current will
flow from the tap on the secondary
coil 8I, through the neutralising cap-
acity Cnl to the grid. As the plate
aud the tap are connected to points
of opposite polarity, these currents will
have opposite directions.  ‘I'he nen-
tralising capacity is so adjusted as to
make tliese currents equal; so the final
result is that the current flowing to
the grid is equal to the current flow~
ing away and-no current flows through
the grid circuit Ta. 7Thus a disturh-
ance originating in the second tuned
circuit does not teach the first tuned

circuit and there is no regeneration.

Besides the capacity coupling through
the individual tubes, there is some
slight capacity coupling between the
first and third tuned circuits, Ta and
2. fhis coupling is slight, particu-
larly if the receiver is partially shield-
ed, as by a metal sheet on fhe back
of the panel.  Some of the recently
developed neutrodyne receivers, how-
ever, have introduced the refinement
of neutralising this capacity coupling.
This method is illustrated by the cap-
acity Cn shown in the sketch, the
theory of which is similar 1o that
just given.

SELF-INDUCTANCE IN WIRING.

Coupling due to thie inclusion of
common apparatus in the different ra-
dio-frequenicy stages is most likely to
oceur in the Jleads to the common
B hattery. Lven wlhen these leads
are quite short they have sufficient
self-inductence to caunse objectionable
fcoupling.  This difficulty is obviated

figure, which should preferably have
a capacity of the order of 0.1 micro-
farad or larger. The leads to this
condewwer should he made very short
and should councet exactly as shown,
from the junction of the leads from
the two primary coils to tlie junction
of the two filament leads. This con-
denser effectually short-cirenits the ya-
dio-frequency currents of the plate cir-
cuits of the valves RFL and R¥2, and
s0 prevenis these currents from flowing
through the leads to the B hattery.
Instead of the single condenser €
sometimes a separate condenser is used

by the use of the condenser C in the |

as in the neutrodyne receiver every)
form of regenmeration must be elimin-
ated individually and auy losses will re-
sult in diminution of amplification.

A valnable feature in tlhe design of
the neutrodyne receiver is the use of a
high step-up ratio in the interstage
transformers T-1 and 1.3, as well as a
fairly high step-up ratio in the aerial
transformier T-A. In Doth cases this
results in a high degree of selectivity,
with an amplification that is close to
the optimum value, 7The proper ratio
to employ in the interstage transform.
ers depends on the valve for which
the set is designed. The better the
valve is from an amplifying stand-
point the fewer primary furns shonld
be employed. 7The fairly high-step up
ratio employed in the aerial trans-
former I-A makes the operation of this
cirenit nearly independent of the aer-
ial constants, particularly its capacity
and its resistance. If a very long aerial
is employed, which is not recommended
on account of the greater interference
experienced, a fixed condenser is some-
times connected in sefies with it.

THE RHEOSTATS.

The arrangement of the rheostats is
subject to considerable variation. Some-
times a single rheostat is nsed for all
five valves, while at the other extreme

a separate rheostat may be used for each
valve, If a soft detector valve is nsed
it should have its own rheostat. A
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the set te mateh the first funing ar
rangement, wilh its attached szerial. -
This compensator obtains accuracy at
an average wave-length on the scale,
Some manufacturers prefer to keep the
aerial tuning arrangemeants separate,
and under these circumstances of duwat
control complete accuracy of tuning, is
naturally forthcoming, with practical-
ly the same simplicity of operation.
The ideal neutrodyne is, therefore,

to hand now, because with ‘‘gang con- -

trol” of the condensers as many as
four stages of radio-frequency ampli=
fication is available, and such sgnsi-
tiveness of pick-up enable g loop re~-
ceiver to be used, and, providing the |
batteries are contained in the cab-
inet, the whole equipment snay be put
on legs having castors and rolled free. .
ly around the Roor to any desired
position,

The volume control on modern ra-
ceivers consists of a single filament
rlieostat, which drives the filaments of
either one or all of the radio-fre-
quency stages.
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for each valve and may then connect

even more direetly froin the ferminal
of the primary coil to the filament,

153 Willis St, [Opp. Y.M.C.A.] Wellington.
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