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This simple little device is easy to build and get going and

will be found very useful in stepping up the selectivity of

short-wave and other receivers which may be somewhat lack-

ing in this respect. The selectivity can be adjusted from the

original broad characteristic of the receiver, to a point where
it is very sharp indeed.

Although Q-multipliers have been
around for 15 years or more, and there
are many receivers which would be
the better for the use of one of these
devices, we have never described one
in the pages of this magazine, We are
about to make good this omission and
describe a simple version.

What is a Q-multiplier, what does
it do and how it work? These are
some questions which should be
answered at least in part before we
proceed with other aspects of the unit.

Basically, a Q-multiplier is an
amplifier which is tunable to the fre-
quency required and which has a posi-
tive feedback loop, but under condi-
tions where the regeneration is under
strict control at all times.

When the output of this amplifier
or Q-multiplier is connected across a
tuned circuit, such as an IF trans-
former, the regeneration makes up in
a controllable manner, the intrinsic
losses of the particular tuned circuit,
This results in an apparent increase im
the Q of the tuned circuit, with a
consequent sharpening of its
selectivity.

Alternatively, the arrangement may
be looked upon as one tuned circuit
in parallel with another. The original
tuned circuit is broad but the Q-
multiplier circuit is very sharp amd
consequently has a high dynamic im-
edance at the centre frequency so
etting signal though at this precise
frequenc?r. However, as the skirts of
the multiplier are very steep, the
dynamic impedance flalls off sharply
and shunts the signals at either side of
mid-frequency, so giving the effect of
high selectivity.

The circuit of a Q-multiplier often
takes the form of a slightly modified
Colpitts oscillator, The feedback is
obtained via a capacitive voltage divi-
der in the usual way. However, in the
case of a grounded cathode configura-
tion, a variable resistor is placed in
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the cathode circuit, This is un-by-
passed and so adds a certain amount
of degeneration to the circuit. The
amount of degeneration is controlled
by varying the value of the resistor.
This should be adjustable over the
range from where little regeneration is
evident, to the point where the ampli-
fier goes gently into oscillation, It is
just before this latter point where the
maximum  possible  selectivity s
obtainable.

As we have just implied, early Q-
multipliers were designed around
valves, quite often a 12AX7 or similar
triode. More recently, valves have
tended to give place to transistors, the
design and circuitry being modified to
accommodate the lower impedances and
other characteristics of bipolar tran-
sistors. The unit which we are now
presenting uses a FET (field effect
transistor). As these devices have in-
put and output impedances comparable
with those of a valve, the circuit once
again takes on the more familiar
appearance which we knew earlier on.

There is one decided advantage
which the field effect transistor has
over the valve, namely that no heater
supply is required. But, in common
with other transistors, it is physically
small and requires only a modest
supply voltage.

However, while FETs hold excel-
lent promise for the future, they, too,
have their problems. As readers may
be aware, there are various types of
field transistor, some of them very
delicate and needing special care in
handling. The junction FET, one of
which we are using in the Q-multiplier,
is reasonably rugged, but often suffers
from a wide spread in characteristics.
Fortunately, the type which we are
using is fairly good in this respect.

The actual shape of the selectivity
curve which results from the use of a
Q-multiplier must be considered. Due
to the nature of the device, the curve
is one which comes to a more or less
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sharp point—according to its adjust-
ment—and resembles that of a single
correctly phased crystal filter. At its
sharpest, tﬁe selectivity and shape of
the curve makes it ideally suited to
Morse Code reception. On the other
hand, these characteristics make it less
suitable for AM reception. Also, for
SSB reception, we meed a pass-band
shape which is ideally flat on top, with
steep skirts on each side.

Although the ideal shapes are not
obtained with the Q-multiplier for
these modes, it is nevertheless still very
worthwhile, particularly where improv-
ed selectivity is being sought at low
cost. As was pointed out earlier, it is
possible to control the degree of selec-
tivity with a Q-multiplier, For AM
work, adequate selectivity is likely to
be obtained without even approaching
the maximum limit, With SSB reception
it would normally be possible to use a
greater amount of the available selec-
tivity, giving quite acceptable results,
even though the pass-band shape will
not be the best.

Although we have only discussed
the possibility of stepping up the selec-
tivity of a receiver with a Q-multiplier,
it is actually possible to create quite
a different effect. Instead of effectively
making the selectivity shape very
sharp, we can, by inversion, introduce
a sharp, deep notch in the normal pass
band of the receiver, This can be very
useful, particularly when the notch can
be tuned across the pass-band to atten-
uate an adjacent interfering heterodyne.

The effect is achieved by adding
another stage to the system, the extra
stage incorporating negative feedback.
Instead of ‘the output of the Q-multi-
plier having some characteristics of a
Earallel resonant oircuit with a very

igh impedance, it now looks like a
series resonant circuit, with a very low
impedance and high Q. This cuts a
very narrow slice or notch out of the
passband.

This feature can be useful where
AM reception is the general rule and
where trouble is constantly being ex-
perienced with heterodynes from ad-
jacent AM transmissions, We have not
incorporated it in our unit in the
interests of simplicity.

If you take a look at our circuit, you
will notice that the Q-multiplier is in-
tended to connect to the output of the
mixer of the receiver, via a 15pF
capacitor. Most Q-multipliers have a
much larger capacitor, something like




.001uF, at the input. This can neces-
sitate the addition of a large adjustable
nductor, of the order of 1.5 to 3mH,
to tune out the effect of the capaci-
tance of the coaxial cable between the
mixer stage in the receiver and the in-
put to the Q-multinller. In the interests
of simplicity, we have used the value
of 15pF; it may have a slight effect
on the ultimate amount of selectivit
attainable but there is adequate avail-
able for most purposes.

In fact, the circuit is about as
simple as it can be; besides the 2N5459
field effect transistor and the coil, there

are only four resistors and six capaci-

tors. As mentioned earlier, the circuit
is fundamentally a Colpitts oscillator,
the ratio of the two feedback
divider capacitors, across the coil,
being about three to one. The values
which we have chosen suit the induc-
tance of the types of coil which we
had in mind.

Suitable coils are either the tuned
winding of an aerial or RF coil, as
used in a broadcast receiver, orisfna'l-
ly with a 415pF tuning gang. The
one which we used was am old aerial
coil, made by Aegis, Resonated at
455KHz, the tuned winding had a Q
of 120, which is quite good for coils
of this type. However, in many articles
descnibing Q multipl{erl in the past,
the emphasis has been directed towards
getting a coil with as high a Q as
possible, Although the Q of 120 is
satisfactory, it is possible to get much
hi%her Qs by winding your own cail,
either on a pot core or a toroidal core,

We wound a coil on a Ducon toroi-
dal former, Q1 miaterial, 23/32in OD
x 15/32in ID x #in thick, with 57 turns

24 gauge enamelled copper whre,
Measured on the Q meter, this coil
came up with a Q of 240, or double
that of the other coil. If you wish to
u?' this type of winding, the number
of turns stated can only be a guide,
as the inductance will vary with physi-
cal variations, such as the actual dis-
position of the turns on the former.
Also, if you use a toroidal coil, make
sure you mount it at least #in clear

of any metal ob otherwise th
may I)I'.lﬂel' ucoﬂfm -9

The § variable capacitor, across
the 820pF capacitor, may be used to
set the tuned circuit precisely to
the wanted mquenw{. In the case of
the slug-tuned aerial coil which we
used, the variable capacitor may be
used in addition to the slug, to adjust
to the intermediate frequency, under
actual operating conditions. This is a
debatable advantage, however, and,
where simplicity is paramount, the
capacitor may be dispensed with and
the coil brought to the IF centre fre-
quency with its own slug,

On the other hand, if you use a
toroidal coil, it is difficult to adjust the
inductance to a precise value, Under
these conditions, the inductance should
be brought as close as possible to the
wanted value, with the SOpF variable
capacitor in its mid-position. The
tuned circuit can then be adjusted to
the centre of the pass-band with the
variable capacitor,

In the source circuit of the FET
are a 470 ohm fixed resistor and a
1K potentiometer, The 470 ohm resis-
tor is simply provided to limit the con-
trol range of the potentiometer and
to give some vernier action to the

selectivity adjustment. More will be

said about this later on.

The complete prototype unit was
housed in a diecast metal box made
by Eddystone and measuring 4-5/8in
X 3-5/8in x 2-3/16in. This box gives
the finished job a professional
appearance but a folded metal box may
be substituted, ¥ desired.

The layout of the components is not
critical but we will detail how we went
about it so you may follow it closely
or use it as a guide, The variable capaci-
tor, potentiometer and On-Off switch
are mounted on the front panel. The
coil assembly is more or less free and
can be clamped conveniently at one
end of the box and close to the poten-
tiometer, If you use a different size
and sha coil, other methods of
fixing will no doubt suggest themselves,

The rest of the components, includ-
ing the field effect transistor, are
mounted on a piece of tag board, The
coded dia of the board should
make wiring and assembly an easy
matter. As is always the case, care
must be taken to make good soldered
joints but, at the same time, the com-
ponents should not be overheated. This
applies particularly to the FET.

The completed tag board assembly
is held to the front panel with two
stand-off lars, 1-1/4in long. As
pillars of this length were not readily
available, we used some lin spacers

which were tapped at each end and
then made up the extra 1/4in with
another spacer with a clearance hole
through it.

You will notice that the tag-board
has a few spare tags. We it a
little longer than necessary, so that the
spacers were located towards the edges
of the panel. This allows more space
under the tag-board and makes for
a better location of the switch.

Having built the unit up to this
point, all that remains is to connect it
to the receiver. This is normally done
via a short run of low capacitance
coaxial cable. A grommeted hole is
needed in the back of the case, to pass
the cable through. A convenient point
for connecting the cable is across tha:
.0027uF capacitor.

Just how you connect the other ‘end
to the receiver will depend on circum-
stances, The cable could be taken
through the skirt of the chassis, ad-
jacent to the mixer valve or its equi-
valent, Alternatively, a coaxial socket
could be installed at this point on the
chassis, with a mating plug on the
coaxial cable. Inr any case, the active
conductor must be connected to the
plate of the mixer, via the 15pF capa-
citor connected right at the socket,
with & minimum of lead length between
caplacitor and socket.

We carried out our initial bench
tests with the “1967 All Wave Seven"
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Above is an inside view, with
an old aerial coil to the right
and a battery connection to the
left. At left is the simple cir-
cuit diagram. Note the FET
connections.

receiver, with connection made to pin
5 of the 6BE6. The earth connection
was made to the centre shield of the
valve socket. It was found that the
coaxial cable was not really necessary
in this case and we were able to “get
away” with a twisted pair of hookup
wires. In most cases it would be wise to
:II::n a piece of co_ﬁial_ cable, ngklgnaer
necessary, e piece W, we
finally used is about 14in long.
Having completed the unit and con-
nected it to the receiver, the next task
is to align and make adjust-
ments. Firstly, and before the Q-
multiplier is switched on, the IF trans-
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HI-FI

Ne stock all well known brands of HI-Fl equipment.
"ARROW QUOTE"

your

or dr

CALL ON

AT

THE KENT STREET
HI-FI SPECIALISTS

(Established 20 years)

Write for details and
op in and see for yourself any item illustrated

or mentioned below. These items represent just a few of the wide range avail-
able to you at ARROW.

LEAK

The NEW LEAK STEREO 70 will thrill you

with the ciearest,
produced by an nmp]lfecr--ls watts R.M.5. per

most exciting so

channel—distortion a mere

for all power

the two
phaone socket

record | replay

e
include—extra
pair of loudsneakers to be connected apart
in the main listening room—a
listening—a

outputs up to 2;
Brand new
output,

for private

socket on the fron

a poriable tape recorder

A host of new features,
Leak craftsmansh.p and reliability plus a three
year guarantee make the Stereo 70 the most
1echnically advanced amplifier available,

SANSUI MODEL 555

Solig state stereo amplifier continuous power
20 watts per channel — frequency response
to S0 000Hz at less than .1 per cent distortion,
pick-up cartridge 2-
Has every desirable control facliity includ-
damping
amplitier to

Sensitivity for
MV,
ing  speaker
switch
speaker system

Send for details and

allowing

backed by

magnetic

switching and
matching

features of

und ever re-

enablin a

t panel for

the famous

UNBEATABLE
VALUE AT

$298

20

factor
any

Top gquality at budget price.

“Arrow Quote.”

$278.75

THE QUAD 33/303

Amazing new QUAD 33 303 control unit and .
One of the very best stereo
fiers available anywhere In the world.

amplifier.

ditionally stable with any load.

quency response 20 to 35Hz at 16 ohm load §

Overall fre- \
NS
_—

less than .1 per cent variation, um and

noise an Incredible low -100 db heinw full

output, Power output per channel 28 watts

into 16 ohm 45 watts into B ohms at less

than 1 pre cent distortion, A most remarkable amplifier—British electronic engineer-

Ing at its very best, One olance at the Inside of these units will convince you of the
W Quads. Write for details. $486.

time and effort that has been lavished on the E

KENWOOD TK250U

Solid state stereo amplifier. Continuous power
20 watts per channel — (0.8 per cent T.H.D.)
frequency response 20 to 50 KHZ plus or minus
1db. Magnetic pick-up Input sensitivity 2 MV,
All worthwhile control facilities. Clean appear.
ance and clean sound, A proven amplitier for
the Audiophile Send for details and "Arrow
Quote.” $179.00,

SO

NY TA1120 AMPLIFIER

Guaranteed incomparable high-performance
satisfy the most exacting audio listeners.
amplifier you must hear to believe.
with incredibly low distortion. Total harmonic
distortion: less than .1 per cent at S50 WATTS
throughout 30 C.5 20,000 C/5. High
damping factor of more than 70, Call for a
demonstration or phone/write for specification
sheets $592,

An
All silicon
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PARTS: LIST, e

1 Diecast box 4-5/8in x 3-5/8in x
2%in.

I 50pF miniature variable capaci
for.

1 Coil (see text).

1 Power supply (see text).

1 IK linear potentiometer.

1 SPST toggle switch.

I Tag-board (11 pairs of tags).

2 Spacers, lin long, tapped 1/8in
Whit. each end.

2 Spacers, %tin long,
ance hole,

1 2N5459 field effect transistor.
1 470 ohm %W resistor.

1 1K W resistor.

1 IM %W resistor.

I 15pF NPO ceramic capacitor.
1

1

1

1

1/8in clear-

470pF plastic capacitor.
820pF plastic capacitor.
.0027uF plastic capacitor.
01uF plastic capacitor,

Coaxial cable, hookup wire, screws,
nuts, knobs, solder, grommet, etc.

former following the mixer stage will
need to be realigned. If no signal
generator ds available it can be done
by tuning accurately to, say, a broad-
cast station, which is not fading and
which is not too strong. Peak the slugs
in each winding of the IF transformer.

Set the potentiometer selectivity con-
trol so that the rotor is at the earthy
end of the track. If you have wired
in a variable capacitor, set it to the
mid-point of its travel. Switch on the
Q-multiplier and advance the potentio-
meter. If the tuned circuit is close to
the intermediate frequency, a hollow
sound will become evident. With furth-
er advancement of the potentiometer,
a squeal will be heard, indicating that
the Q-multiplier has gone into oscilla-
tion. Back off the potentiometer until
oscillation just ceases. Now adjust
the slug in the coil for maximum res-
ponse, If the coil has no slug, the
variable capacitor will be used for this
purpose.

This exercise calls for a little
juggling, practice and patience, until
one gets to understand the nature of the
device. You will find that, as the poten-
tiometer selectivity peaking control is
advanced, there will be a slight but
noticeable shift in frequency. The coil
slug or the variable capacitor should be
so adjusted that it is correct at the point
of maximum selectivity.

The behaviour of the potentiometer
can be varied by altering the value of
the 470 ohms resistor shown in series
with it, If the Q-multiplier goes into
oscillation at. say, the mid-point of its
travel, the second half of the track
is bemg wasted. Try increasing the
470 ohms resistor to say, 1K, or to that
value which allows the multiplier to
go into oscillation just the
end of the track is reached. This will
give a much better vernier action and
easier control. In some cases the con-
trol may be further improved by re-
ducing the value of the potentiometer,
such that when the rotor is at the
earthy end, there is no further reduc-
fion in selecumy, compared with when
the uwit is switched off.




If you go to this bit of extra trouble,
the ease of control will be worth the
effort. The selectivity characteristic
obtained with the Q-multiplier is con-
tinuously variable, a feature which is
not usually available with other and
often more complicated systems.

To sum up the worth of this simple
Q-multiplier, we feel that it is a
worthwhile addition to any short-wave
receiver which is deficient in selectivity.
If you desire to get the very best from
it, we suggest that you go to the extra
trouble of making up a special coil on
a ferrite toroid. The Q-multiplier could
of course be got going with a more
conventional coil and then the toroid
could be added later. However, the re-
marks relating to the potentiometer and
its series resistor are important again,
as the values will almost -certainly
have to be changed to suit the new
coil.

So far, we have not touched on the
subject of providing a power supply for
the Q-multiplier. It will operate satisfac-
torily on voltages between 9 and 12. It
is quite easy, of course, to supply it
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This diagram shows clearly

how the board is wired. The

reason for the unused lugs is
mentioned in the text.
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Here is the circuit of a sug-
gested power supply which
makes use of a 6.3 volt heater
supply, with one-side grounded.

from a small 9-volt dry battery and
this is what we did when the unit was
being tested. There is no reason why
this method should not be adopted per-
manently, except that it js not as eco-
nomical as it might be. The FET can
take anything between about 4 and 10
milliamps. At the higher figure, the
battery is not likely to last very long,
particularly if the receiver is used for
lengthy periods.

Perhaps a more sallsfactory idea, in
the case of valve receivers, is to make
use of the 6.3-volt heater supply. Al-
most certainly, one side of this supply
will be earthed. This being so, we can
feed the 6.3 volts into a half-wave

doubler circuit, This will result in about
17 volts DC appearing at the output of
the doubler. T%ts can be fed through a
dropping resistor to a 9-volt zener
diode.

This is all shown on the circuit dia-
gram. The series electrolytic capacitor
is a 200uF rated at 10 volts working.
The shunt electrolytic is also a 200uF
but it is rated at 18 volts working,
as it has the doubled voltage across
it. At this point, there will be about
17 volts, depending upon the actual
value of the nominal 6.3 volts fed into
it.

We have to get this 17 volts down to,
say, 9 volts nominal, although we could
make it anything up to 12 volts if we
wished. The 9 volts could be obtained
simply by using a dropping resistor of
the appropriate value. Herein lies a
small problem, however. As mention-
ed before, the spread in field effect
transistors is quite wide. The resistor
would have to be calculated on the
basis of the particular FET being used.
A much better way out of this, although
it costs a few cents more, is to instal a
zener diode with a suuablc dropping re-
sistor.

Let us assume a total drain of 12
milliamps from the filter. This means
that the series dropping resistor has to
cope with 17 - 9 volts, which is a drop
of 8 volts, Ohm's law tells us that a
resistance of 530 ohms is required. The
nearest preferred value is 560 ohms
and this will do.

With no drain from the output of
the power supply, as when the Q- multi-
plier is switched off, the total 15 milli-
amps will flow through the zener diode.

(Continued on page 173)

“AEGIS

¥Registered Trade Mark
VALVE

TYPE
LF. TRANS-
FORMERS

455, 1600
KHz-
4 & 107

COILS
COVERING
THE
RANGE
500 KHz
Io 30 MHz

455 KHz
TRANSISTOR
TYPE I.F.
TRANSFORMERS
& TUNING COILS

Available in all radio parts stores

AEGIS PTY. LTD.

Darebin Rd.. Thornbur
!‘7 l_;c n ‘_nr L

101 2
o Box d.s—‘lhombufv Yic,, 3071

For 50, 85,

MHz. TUNINS

PI-COUPLER

FOR
AMATEUR
BANDS

Willis Medium Power Type
For use up to 600 watts p.e.p.
Match plate loads of 2,000 to
3,500 ohms (Z) and higher into
cc-axial cable. Operating Q@ in-
creases at higher frequencies to
increase  harmonic  suppression,
enabling practical values of tuning
capacity to be used on 10 and 15
metres and allowing for wiring in-
ductance (L). Incorporates exira
switch section for shunting ad-
ditional capacity (C) if required,
or switching other circuits. Switch
rated for 10 amps at 2,000 volts
with contact resistant (R) of 08
milliochms. Price $8.85.

“WILLIS”
AIR-WOUND
INDUCTANCES

Take the hard work out of Coil
Winding — use "WILLIS" AIR-
WOUND INDUCTANCES

Turns
i B. & W,
No. ‘i‘n.r.'r‘;| I':e:; Il‘nﬂ:h Equiv. Price
-08 13 8 3 No 3002 65¢c
1-16 2 16 3 No. 3003 65¢c
2-c8 5y 8 3 No. 3006 77c
2-16 5 16 3 No. 3007 T7c
3-08 I a 3 No. 3010 90c
3-16 3, 16 3 Ne. 3011 90c
4-08 1 8 3 No 3014 $1.05
4-16 1 16 3 No. 3015 $1.05
5-08 1'% 8 4 No. 3018 $§1.28
5-16 1'% 16 4 No. 3019 $1.28
8-10 2 10 4 No, 3907 $1.70
Special Antenna All-Band Tuner
Inductance

(equivalent to B. & W. No, 3907
Tin

7in length, 2in di'amutor. 10 turns
pr inch, $3.

A.RR.L Handbook,

References:
1961;
"QST," March, 1959;

"Amateur Radio,” Dec. 1959.

QUANTITY DISCOUNTS AVAILABLE TO INDUSTRY

WILLIAM WILLIS & CO. PTY. LID.

ELECTRONIC AND RADIO EQUIPMENT SUPPLIES

430 Elizabeth Street, Melbourne, Vic., 3000
Telephone 34-6539
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Q-Multiplier
(Continued from page 61)

This amounts to a dissipation of 135
milliwatts, which is well within the
maximum permissible rating of 340
milliwatts, The result of this little
design exercise is a regulated power
supply of a nominal 9.1 volts and cap-
able of accommodating the current
spreads likely to be encountered with
any FET likely to be used in the Q-
multiplier.

If you should need a power supply
like this one for some other purpose
and where the current drain is likely to
be up to 30 milliamps or so, it is pos-
sible to do this simply by reducing the
560-ohm resistor to one of 270 ohms.
This will bring the zener diode close
to its maximum permissible dissipation
rating, when there is no current being
drawn from the supply. Whatever cur-
rent is drawn from the output is sub-
tracted from the eurrent flowing through
the zener diode and the dissipation is
reduced accordingly, B





