Powered Loudspeaker

or Portable

By LEO SIMPSON

This article discusses several ideas for those who

wish to improve the sound quality from cassette

recorders or portable radios. It describes the use of

a larger speaker enclosure in place of the internal

speaker, the construction of a power amplifier to

provide still more boost, and a mains power supply
to save battery costs.

Practically everyone who owns a
portable radio or miniature tape
recorder has wished, at some time or
other, to connect an external loud-
speaker to improve the quality of the
reproduction. After all, one cannot
expect wide range sound from a small
loudspeaker with little or no baffling.
An external speaker of even average
quality will improve the sound from
just about any small set, provided the
amplifier is not so badly designed that
the internal loudspeaker is actually
masking a lot of inheremt distortion.
The external loudspeaker, by virtue of
its greater cone area, larger magnet,
and improved baffling, will usually be
far more efficient than the set’s internal
speaker and will allow the amplifier
to operate at a lower, more distortion-
free level.

Besides using the set with an exter-
mal loudspeaker it is usually desirable
to have a mains supply to conserve
the batteries. The quality of repro-
duction from any amplifier de s to
a large extent on the regulation of
the power supply. While new batteries
provide a portable power supply with
good voltage regulation, this tends
to deteriorate long before they have
reached the end of their service life.
This deterioration is caused by the
gradual depletion of the chemical com-
ponents of the battery. Poor regula-
tion and reduced voltage causes an
increase in the level of distortion, a
decrease im the sensitivity of portable
radios, and a general fall-off in power
capability of the amplifier.

Since this kind of deterioration would

largely offset the advantage of a more:

efficient speaker system, with or with-
out its own amplifier, a power supply
becomes almost essential if lengthy
periods of operation are envisaged.
There is also the straight-out economic
aspect to be considered, as it is sur-
prising just how expensive battery
power becomes when batteries have
to be replaced every few weeks.

The need for a separate power
amplifier to drive the speaker is dic-
tated by the limitations of most port-
able units, Their power output
is usually limited .to a few hundred
milliwatts and, while even this will
sound a whole lot better when applied
to a large efficient speaker system, it
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is not really sufficient in many appli-
cations.

What is desired then, is a loud-
speaker-cum-amplifier with a power of,
say, 3 watts, with the mains supply
for the amplifier arranged to do double
duty by supplying the power require-
ments of the cassette player or port-
able radio. As further icing on the
cake, the amplifier would be suitable
for direct connection to a ceramic
cartridge: an arrangement which could
perform sterling service at parties and
50 On.

The speaker system used should be
one of the more efficient types—a bass
reflex type would be ideal—to obtain
the best performance with the Eroposed
amplifier, The small bookshelf enclo-
sures are seldom efficient enough to be
driven to an adequate level with a
3-watt amplifier,

For our prototype unit we used the
Playmaster  One-Point-Three  loud-
speaker as described in July, 1969. The
amplifier is based on the 3-plus-3
Stereo Amplifier described in August,
1968. The sensitivity has been increas-
ed to 150mV for full output, partly
as a result of dispensing with the
balance and tone controls, and partly
at the expense of lower input imped-
ance, which is now of the order of
500K. A ceramic cartridge such as the
BSR Cl will drive the amplifier into
clipping, even on lightly recorded discs.
The volume control at the input
enables the lifier to handle a wide
range of signals without being over-
loaded.

A value of 500K is somewhat less
than ideal as a load for a ceramic
cartridge, and will result in some loss
of bass response, However, it is not
as serious in practice as might be
imagined, particularly in the kind of
casual listening application for which
this equipment is intended. If it
should transpire that the particular
cartridge has output to spare, then it
would be advantageous to add as much
resistance as possible in series with it;
i.e., at the “top” of the volume control.
This will reduce its output but improve
the bass response.

The power ;:Erly for the amplifier
consists of a I power transformer
with a multi-tapped secondary wind-
ing, the 12.5V tap feeding a bridge
rectifier, The D.C. output from the
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rectifier is filtered by 4,000uF of
capacitance. Part of the DC output is
fed to a zener diode network which
supplies the DC requirements of the
signal source; tape recorder, radio, etc.
A 6, 7.5, or 9-volt zener diode may
be used, depending on the voltage re-
quired. For simplicity we have only
shown a 7.5 volt zener on the circuit
diagram. If a 6-volt zener diode is
used the series resistor may be increas-
ed from 39-ohms to 47 ohms to avoid
unnecessary current drain.

With the 7.5 volt zener in circuit
the standing current is around 250mA
which is the main reason for the large
amount of filter capacitance, Some
signal sources, such as a record
changer, will not require low voltage
DC and to avoid unnecessary power
wastage when the DC is not required
we have arranged for the zemer diode
network to be disconnected from the
circuit when not in use. We have used
a four-pin pluﬁ]and socket for the DC
output. The plug is wired with a link,
as shown on the circuit diagram, and
this serves the purpose of a switch.
When the plug is removed mo power
is supplied to the zener diode network.

The maximum power available from
the amplifier will depend on whether
the zener diode network is in circuit
or not. With it out the power output
into an 8-ohm load will be 3 watts con-
tinous, dropping to 2 watts contimuous
with the zener network in circuit. A
similar order of power output can be
obtained with a 15-ohm loudspeaker if
the 15-volt secondary winding of the
transformer is wused. The 15-volt
winding must not be used if the ampli-
fier is intended for use with an 8-ohm
speaker, to avoid running the output
transistors in excess of their ratings.

Connection from the four-pin DC
output socket to the cassette, portable
radio etc., is by means of a “patch
cord” terminated with a connector ap-
propriate to the particular device.
Usually, the act of insertimg this con-
nector will automatically disconnect the
internal batteries. If no such provision
exists it may be’possible to provide a
change-over jack and socket, and
modify the player or radio for use
with an external supply.

Most cassette players and portable
radios have a socket allowing an ex-
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tension speaker to be fitted and we
elected to take the signal for the ex-
ternal amplifier from this point. Ideal-
ly, the signal should be taken from
across the volume control so that dis-
tortion caused by the internal amplifier
of the set is not added to the signal.
However, to do this would require
modifications to most sets and these
would be difficult because of lack of
accessibility and space to run shielded
cable and install an output socket. One
could modify the external speaker
socket so that it carried the signal
from the volume control instead, but
we feel that most people would rather
not tamper with their sets.

The power supply, as shown, is suit-
able for use with either NPN (nega-
tive chassis, positive supply rail) or
PNP (positive chassis, negative supply
rail) systems, simply by connecting its
positive and negative terminals to the
corresponding input terminals of the
device. The fact that one side of the
power supply, the negative side, is
“earthy” as far as the external am-
plifier is concerned is of no conse-
quence while ever this is the only con-
nection to the device.

However, as soon as we consider
the situation where the speaker term-
inals of the device are to be connected
to the input of the external amplifier,
we face the possibility of conflicting
polarities. Where the device has a ne-
gative chassis and positive supply rail,
as for the external amplifier, there
is no real problem. The chassis of the
device can connect to the chassis of
the external amplifier without compli-
cations.

The complete circuit diagram of
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the Powered loudspeaker. Note that

the 27 ohm load resistor for the cassette player is wired inside the
3-pin DIN plug which connects to the amplifier. Alternative zener
diodes for voltages other than 7.5V are specified in the parts list.

On the other hand, a device with
a positive chassis and a negative sup-
ply rail presents the problem that the
two chassis must not be connected to-

Parts List

gether, at least in the DC sense. For
this reason, only one lead, the “hot”
lead, is provided to convey the audio
signal from the speaker circuit of the

1 case and lid, inside dimensions,

7 x 4 x 4 inches.

loudspeaker system (see text).

printed board, 68/a8 (see text).

2M (log) potentiometer with
power switch.

3-pin DIN plug and socket.

4-pin plug and socket (different

pin patterns).

1 power transformer, with second-
ary tapped at 6.3, 7.5, 8.5, 9.5,
12.6 and 15 volts AC at 1 amp
DC (A & R 2155 or equivalent).

SEMICONDUCTORS
ACI188/187 complementary ger-
manium pair (with flag heat-
sinks).

1 BC109, SE4010 or similar, high-
gain, silicon NPN transistor.

1 638 or similar, high-gain,
silicon PNP transistor.

1 LT91 selenium bridge rectifier or
1

1

e e

LS

—~

MBI silicon bridge rectifier.

RESISTORS
(3 or ¥ watt unless specified)

1 x 470K, 1 x 270K, 1 x 150K, 3
x 100K, 1 x 22K, 1 x 18K, I x
15K, 1 x 470 ohms, 1 x 47
ohms/W, 1 x 39 ohms/3W, 1 x
27 ohms/iW, 2 x 1 ohm/iW.

CAPACITORS
(Higher voltage ratings may be

used.
x 2000uF/25VW electrolytic.

2

1 x 500uF/10VW electrolytic.

1 x 400uF/12VW electrolytic.

1 x 10uF/12VW electrolytic.

I x 0.33uF/25VW ceramic or
metallised polyester.

1 x 0.22uF/25VW ceramic or
metallised polyester.

2 x 0.022uF ceramic or polyester.
1 x 470pF polystyrene or ceramic.
SUNDRIES
1 knob, spacers, screws, nuts,

mains cord and plug, mains cord

B8-320-01/50E thermistor. ' clamp, 2 grommets, shielded
BZZ15 or BZZI17 or BZZI19 cable, 1 8-terminal tagstrip,
zener diode for 6, 7.5 or 9 volt spaghetti sleeving, hook-up wire,
supply, respectively. solder.
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Why are SHURE cartridges
the largest sellers?

Highbes+ performance, best quality,
largest range at a price to suit you.

VIS Type Il ..... $87.50 *
M75E Type 2 . ... $45.00 *
M75EJ Type 2 . . .. $38.00 *

M75G Type 2 ... . $35.00 *

M55E ... $32.50 *
M75-6 Type 2 . ... $29.50 *
M44E ... $28.50 *
| | “ M3IE-EP ....... $25.00 *

% | M32E-EP ....... $25.00 *

M44.5 ,...... $20.00 *
M44.G ....... $19.50 *
M44.7 ..... s 1950 *
M44C ....... $18.00*

Contact your local representative for detailed literature on SHURE quality
products,

N.S.W.: Audie Enginsers Pty, Ltd., 342 Kent Street, Sydney.

W.A.: Athol M. Hill Pty. Ltd., 613-15 Waellingten St.. Perth,

QLD.: Ren Jones Pty, Lid., 7-9 Merton Rd., Weolloongabba, Brisbane.
VIC.: Audio Engineers [Vie.), 2A Hill Street, Thornbury,

Phone #44-3295.

* Rocommended Resale Price.
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device to the input of the amplifier.
The return circuit for the signal is
provided, in the case of a negative
chassis device, via the negative DC
supplf lead. In the case of a positive
chassis device it will be via the posi-
tive supply lead and the 500uF carn-
citor to the chassis of the amplifier.
Thus the system is suitable for use
with a device of either golarity. simp-
ly by ensuring that DC power ter-
minals are connected correctly.

For correct operation the internal
amplifier's oulgul should be correctly
loaded. In this application the load
can, with advantage, be higher than
the impedance value of the internal
speaker. This will give a lower cur-
rent drain and, usually, a slight reduc-
tion in distortion, We used a value of
27 ohms, and this appears to be a
good compromise.

Originally, we thought to connect
this resistor across the input socket of
the external amplifier, but we realised
that this would create a permanent
low Impedance input and prevent the
use of other signal sources, such as
a ceramic lpit:kl.n:u. We solved the prob-
lem by wrhl:! the resistor inside the
three-pin DIN input plug for the ex-
ternal amplifier. The other end of the
cable attached to this plug is fitted
with a plug appropriate to the player
or radio involved.

Motor noise superimposed on the
amplifier signal can be a problem with
some cassette players. The 500uF capa-
citor across the zemer diode reduces
this to a level that is not noticeable
on normal program material. It can
also be minimised by operating the ex-
ternal amplifier with its volume control
set at a low level while the volume
control on the cassette player is set
at a fairly high level, but well short of
overload,

The prototype amplifier was con-
structed in a small metal box measur-
ing 7 x 4 x 4 inches and fitted with a
biscuit tin lid. The box has a volume
of 112 cubic inches, and this means it
can be installed in speaker enclosures
of more than about three quarters of
a cubic foot with little effect on the
performance of the speaker., The box
could be installed in smaller enclosures
without the biscuit tin lid fitted so that
it occupied less volume in the enclosure.
The use of the metal box is a
much better way of accommodating the
circuit components than mounting
them on the rear panel, inside the
enclosure,

The layout is such that the volume
control, the four-pin DC output socket,
the three-pin DIN input socket, and
the grommeted hole for the power
cable are all fitted to holes in the
bottom of the box, A cut-out is pro-
vided in the back of the speaker enclo-
sure measuring approximately- §}in x
3in and the bottom of the box is
mounted against this from the inside.
The box is secured by four wood
screws, one in each corner, and an
airtight seal provided by means of a
thin felt gasket,

The only other fitting on the speaker
box is a miniature four-pin speaker
socket mounted directly on the wooden
back. The purpose of this socket is to
provide a convenient means of con-
necting the speaker to either the ampli-
fier inside the speaker box, or an ex-
ternal amplifier, such as part of the
domestic stereo system. A dummy plug
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Above is the component layout on the printed board with the grey
overprint showing the copper pattern on the reverse side.

is used to connect the speaker to ils
own internal amplifier, while external
signals may be fed directly into the
socket Note that this four-pin socket

a different pin configuration to
that used for the DC output socket,
for obvious reasons.

The presence of these various sockets
in the back of the cabinet will inevit-
ably result in some air leakage in the
enclosure, mainly via the holes in the
four-pin sockets, the DIN socket being
essentially airtight. While this is theo-
retically undesirable, it must be realis-
ed that the amount of leakage is quite
small; nothing like the kind of leakage
which can occur when an ill fitting
back can leave a gap along one com-

ete side. As far as any application

volving tape players, portable radios

At right is a view
inside the case. Of
the two sockets,
the one on the
right Is the DIN
input socket and
the other is the DC
output, A .022uF
capacitor is wired
between the DIN
socket and the
two-way  tagstrip.
Note the heat-
sinks which are
screwed to the
lower left side of
the case. The grom-
metted hole for
the speaker leads
is obscured by the
heatsinks. The
bridge rectifier is
mounted  behind
the 8-terminal tag-
strip, next to the
transformer.

oo

etc., are concerned, the effect on per-
formance would be negligible.

Where higher quality signal sources
are concerned, such as a stereo chan-
nel, some users feel that even
this is undesirable. ost of the leak-
age, such as it is, will be prevented

thcre is a plug in the socket and it

d be worthwhile fitting a dummy
H.ls in any otherwise unused socket.

e alternative is to use a completely
different system of connections, pos-
sibly based on terminals mounted
gi;chy on the wooden back of the

uality components for
tho arnp ifler e resistors should be
carbon film types for best results,
rather than carbon composition types.
The latter tend to increase their value

doeooo
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Regulated Power Supply

BATTERY
ELIMINATOR

SPECIALLY FOR LARGER BATTERY
OPERATED TAPE RECORDERS

REGULATEG matTe
YOLTAR BLIEIaE

TYPE PS104

Designed primarily for Tape Re-
corders where a regulated voltage
supply is necessary to prevent speed
variation with load changes. A ver-
satile power supply with a range of
output voltages making it ideal for
design, testing and repair of Tran-
sistor Radios, Amplifiers, Record
Players, Test Equipment, etc. It is
also eminently suitable for use in
Schools, Universities, Government
Departments and Industry.

SPECIFICATIONS

Manufactured by

A. & R. ELECTRONIC
EQUIPMENT

COMPANY PTY. LTD,,

42456 LEXTON ROAD,
BOX HILL, VIC,, 3128.

Phones 89.0238, 89.0239.

AGENTS IN ALL STATES
M6 clriion Sresn Summer  Hill Ph. 798-8099.
qt‘ﬁ '?ll &'VIN "VIII“' nIrlt. Ph, §51-5421,
5" Mes She Adaivide. Phone 23-2261.

Wy Wortnwood FENRY Letderilia: e, aa137.

[F i S SRS S TS e )
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after a period of service and this can
play havoc with the amplifier’s per-
formance. The author recently had real
cause for regret when he had to trace
a fault in a high-power direct coupled
amplifier. The fault was caused by
three carbon resistors which had gone
high. All the other resistors were car-
bon film types!

All the components within the dotted
line on the circuit diagram are mount-
ed on a printed circuit board. This
board is actually one half of that
for the 3-plus-3 Stereo Amplifier re-
ferred to above. The board is coded
and is available from most kitset sup-
pliers, Mounting the components on
the board is straightforward and re-
quires little comment except for a cau-
tion to avoid overheating the compon-
ents when soldering.

The need to provide half a stand-
ard printed board warrants some com-
ment. It is not clear at the time of
writing whether any of the supply
houses will be able to supply half
boards, or whether, if they do, that
the saving will be worthwhile. We sug-
gest that the constructor should be pre-
pared to buy a complete board and
divide it himself. It may be possible
for two constructors to share such an
arrangement.

The most satisfactory way of divid-
ing the board appears to be by scor-
ing and breaking. An ideal scoring
tool is a Laminex knife, available from
most hardware stores. Score the board
neatly down the centre, ‘then clamp
one half firmly between two pieces of
board with their edges flush with the
score mark. The board should then
break cleanly.

The board is mounted by means of
3-inch long #-inch Whitworth screws
and nuts or shorter screws and spacers.

The output transistors, which have
a TO-1 metal case, are wired directly
into the amplifier board, leaving a lead
length of about 1 inch. The leads
should be insulated with spaghetti
sleeving to minimise the risk of short
circuits. The transistors are fitted with
flag heatsinks (Miniwatt part No.
56200) which are normally supplied
with each complementary pair. These
metal flags are firmly secured to the
case, as shown in the photograph.
by means of #-inch screws and
nuts. The flags should be secured in-
dividually to the case to ensure the
best heat transfer. — not two flags
by one screw. If the box has been
painted, the area to which the flag
heatsinks are attached should be stripp-
ed to the bare metal to ensure efficient
heat transfer. This is not to say that
the transistors are dissipating a lot
of power but it is desirable to keep
the temperature as low as possible.

The speaker leads are brought out
through a grommeted hole in the side
of the case and run down to the four-
pin speaker socket. The filter capaci-
tors and the zener diode network can
be seen in the photograph. The zener
diode is soldered directly to a tag strip
and requires no auxiliary heat-sink.

The mains cord should be anchored
by a clamp as shown in the photo-
graph. When terminating the mains
cord the earth lead should be left
longer than the active leads so that if
the cord is strained to the limit the
earth lead will the last to break.

The bridge rectifier we used was a
selenium type, Westinghouse LT91,

which sells at a very economical price.
As an alternative, an encapsulated
silicom bridge rectifier, type MBI, is
marketed by STC: it is more compact
than the LT91, but there is a price
difference of almost one dollar.
Assembly will be made easier if a
guitable order is followed. First mount
the power transformer and bridge recti-
fier. Then mount the tagstrip, input
and output sockets and volume control.
Wire the components into the tagstrip
and connect the wires to the DC out-
put socket. Wire the mains cord to
the switch on the rear of the volume

Above is the rear view of the
enclosure. The case is mounted
behind a cut-out in the rear
panel and a felt gasket is used
to ensure an airtight seal. The
dummy plug at the base of the
enclosure is inserted when the
amplifier is in use, and is re-
placed by another when the
loudspeaker is used with an
external stereo system.

control, and connect the shielded cable
from the volume control to the small
tagstrip which accommodates the
.022uF capacitor and chassis termina-
tions, Lastly, the board is mounted and
connected into circuit,

At mo signal the amplifier should
have a current drain of 8 to 10mA. If
this is not the case, the quiescent
current should be adjusted by varying
the 47-ohm resistor, Increasing the
resistor will increase the current and
vice versa. For maximum power out-
put at the point of clipping, the DC
voltage at the positive connection of
the 400uF output capacitor should be
slightly less than half the supply
voltage. Normally there should be no
need to adjust this but it can be set
by varying the bias resistors for the
input stage.

The final step is to put the lid on
the case, reinstall the back panel of

the enclosure and conmect up your
cassette recorder, or other program
source, =
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% RELIABLE
3 EFFICIENT
% LONG LIFE
& REPLACEABLE BITS
3 CONTINUOUSLY RATED
% NO WARM UP DELAYS
% NO SWITCH TROUBLES
% NO OPERATOR FATIGUE
% DOES WORK OF HEAVY IRONS

Weighs less than 1 oz. and
compact handle enables girl
operators to work quickly and
accurately all day.

ACTUAL
SIZE

Write or phone to

E : AWA Ltd., 67 9161. HOBART:
?WLMn Ltd., 33836, LAUNCESTON: AWA
Ltd., 2 1604, ADELAIDE: Newton McLaren
Ltd., 51 0111. BRISBANE: Chandiers Ltd.,
310341, PERTH: AWA Ltd,, 28 3425.
SYDNEY: George Brown & Co. Ply. Ltd.,
29 7031.  Electronic Parts Pty. Ltd.,
533 1271.

Australian Distributors

MANUFACTURERS SPECIAL
PRODUCTS PTY. LTD.
47 York Street, Sydney. 2 0233, Ext. 284

WANTED)

Y ALL
PRODUCTION ENGINEERS

miniature
soldering instruments
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