Part III: Phase Inverters

OST modern amplifiers have push-

pull outpui stages, for reasons
that will bz more apparent when we
discuss that part of the design. With
push-pull oatput it is possible to get
much more power from tubes and other
components of reasonable size, with
much less distortion. But before we
can operate output tubes (or any other
stage ) 1n push-pull, we must convert the
ingle-ended  signal handled by most
volrage amrlifiers to the pair of op-
positively phased signals needed for push-
pull drive This can be achieved with
a phase inverter or phase splitter. Two
princ pal kirds of circuits can be used:
the transformer phase inverter and the
various types of tube inverter. Before
going intc rheir design, their reiative
merits should be stated briefly.

The simplest circuit to design uses
transformer coupling. In the early days
transformers were not very good — they
introduced a significant part of the over-
all amplifier distortion. Modern trans-
former materials an design have
remedied rthis situation, so that now
transformer coupling can be the best
as well as the simplest, except for one
serious obsracle: the problems in apply-

Fig. 2. Load line representing one
possible operating condition with series
transformer coupling. The dotted line
represents DC drop from the trans-
former primary-winding resistance; this
operating condition requires a cathode-
bias resistor of 910 obms, with a B+
supply that puts 250 volts on the plate.
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Designing Your Own Amplifier

by Norman H. Crowhurst

ing feedback over an amplificr using
interstage  transformer  coupling  are
much greater than with RC-coupled
types. For this -eason, with the current
trend toward amplifiers having large
amounts of feedback, it is not surprising
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Fig. 1. Circuit of phase inverter using
a series or direct-conpled ftransformer.

to find that intesstage transformers are
little used. Furthermore, good trans-
formers are cost'ly. But to obtain the
same signal-voltage swing from RC-
type tube invertets, a greater B+ supply
voltage is invariably necessary, as will
become evident later in this article.

Series Transformer

The merit of the transfarmer circuit is
the simplicity with which two voltages
of opposite phase can be provided on
its secondary by the use of a center
tap, as shown in Fig. 1. The reason
why transformer coupling can handle
a larger swing, using the same B--
supply, will become evident from Fig.
2, which shows characteristic curves of
a GSN7 tube (one half) or a 12H4,
a miniature single triode having the
same characteristics.

The dotted line in Fig 2 represents
the DC voltage drop i the primary
winding res'stance of the transtorme:.
This way, witr a sapply voltage of just
over 260 volts, we can vave 250 volts
on the plate at © ma p.ate current, and
the voltage swing at the plate can be
trom 9U volrs ro 400 volts— muc
higher than the supply. T us is because
although the transformes has only

low primary resistance, it has a very
high impedance. To obtain the neces-
sary bias for the operating condition
of Fig. 2, —8 volts, the bias resistor
should be about 900 ohms. The pre-
ferred value of 910 ohms will be near
enough.

The excursion shown in Fig. 2 is 160
volts in the negative direction, and 150
volts in the positive. This is an off-
center cffect of 5 volts in a peak-to-
peak swing of 310, representing only
about 1.6% harmonic distortion.

Fig. 3 shows one of the problems
associated with this circuit. The pri-
mary inductance makes the load line
open into an ellipse at lower frequen-
cies. This not only reduces the maxi-
mum swing, but produces distortion
quite rapidly. This ellipse — the widest
possible before really serious distortion
sets in — shows an AC voltage of 290
peak-to-peak, for a current swing of
14 ma, representing a reactance of 21
K. To respond without distortion down
to 20 cps, the inductance would have
to be 200 h with 9 ma flowing, which
is quite an inductance!

Reducing the current could be done
by biasing the tube back a little further,
and that would seem to make the in-
ductance easier to get; but we lose more
than we gain, because lowering the oper-

Fig. 3. The ellipse approximating the
load condition for minimum perniissible
shunt reactance has been sketched over
the load line in Fig. 2 (shown dotted).
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ating point on Fig. 3 means that the
width of ellipse permitted is narrowed
and we need much more inductance.
The gain in inductance does not keep
pace with need for more.

Parallel-Fed Transformer

One way around this is to apply the
parallel-fed method of connection shown
in Fig. 4. That keeps the plate current
out of the primary, so a transformer
utilizing a better core material can be
used. This will be a much more com-
pact unit, with a considerably improved
frequency response. Also, the possible
improvement in design makes practical
a transformer with a bigger voltage
step-up from primary to secondary, so
that the loss in signal-handling capacity
resulting from the parallel-fed connec-
tion (because of reduced plate voltage)
can be made up in the transformer.

But we can take the design of this
stage as a starting point for considering
the various RC-type tube inverters,
which will make it easy to compare
relative performance. Fig. 5 shows the
load line for a plate resistor of 25 K
from a supply voltage of 275. Bias for
maximum signal swing should be —7
volts, permitting a swing from 0 to
—14 volts. Plate voltage at this oper-
ating point is 182, for a current of
3.8 ma. This means the bias resistor
should be 1,800 ohms.

The peak-to-peak plate swing, from
75 to 265 volts, is 190 volts. This
should be compared with 310 volts for
the secries transformer with a lower
supply voltage. If the change permits
us to double the transformer step-up
ratio we shall be better off. The dis-
torrion is not so good, however. Mid-
point between 75 and 265 is 170 volts,
so the swing is 12 volts off-center in
190, a distortion of about 6.3%.

The dotted ellipse represents a shunt

tig. s. A typical load line for parallel-
fed transformer inverter, with a plate-
load resistor of 25 K and a bias resistor
of 1,800 obms. B+ is 275 volts. Com-
pared with series coupling, maximum
output swing is considerably restricted,
but improved transformer design may
compensate for this by providing in-
creased step-up. The ellipse represents
minimunt  permissible shunt reactance.
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reactance that permits a peak-to-peak
current of 4.8 ma at a peak-to-peak
voltage of 180, about 37.5 K. The in-
ductance to maintain this to 20 cycles
is 300 h, which is reasonable with no
DC in the primary.
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Fig. 4. Parallel-fed transformer phase
inverter. DC is kept out of the primary.

Split-Load Inverters

The GSN7 is representative of tubes
used for RC-type inverters, so we will
continue making comparisons of circuits
using this tube. All tube-type inverters
effectively use one tube section to pro-
vide inversion without any gain. The
difference lies in the method of sacri-
ficing the tube gain to provide the re-
versal of phase, and the merits of each
circuit are connccted with this feature.
A transformer does have the advantage
that, if the turns on each half of the
secondary are equal in the first place,
nothing is likely to throw them out of
balance subsequently. But using a tube
as an inverter means that balance tends
to be more or less dependent on the
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Fig. 6. A split-load inverter. Signifi-
cant componenis are marked on diagram.

gain of the tubes. Some circuits avoid
this deficiency, at the expense of some-
thing else.

Probably the simplest type of RC
phase inverter is made by simply putting
halt of the plate load in the cathode
circuit, as shown in Fig 6. It does not
matter where the resistance in series
with a tube is, so long as it has the
same effect in restricting the plate-to-
cathode voltage according to the current
the tube draws. A load line for this
method of operation can be drawn in
exactly the same manner as for a
normal voltage-amplifier stage, using a
resistance value made up of the two
resistances in Series.

With the same operating conditions
for the 12H4 (or half of a 6SN7) that
we just considered for a parallel-fed
transformer load, but putting 12.5 K
in the plate and 12.5 K in the cathode,
and with the same bias, we would have
a total maximum swing of 190 volts
peak-to-peak or 95 volts peak-to-peak
for each output. In the more conven-
tional RMS units, that is about 33.5
volts.

This is further restricted because we
have to use grid resistors for the follow-
ing tubes. Output tubes should have
grid resistors of not more than about
250 K. Using this value to construct
a load line, the total shunt effect across
25 K will be 500 K, giving an AC
load line of 23.7 K. This is shown
in Fig. 7. The maximum swing is be-
tween 79 and 260 volts, or 181 volts
peak-to-peak, with a distortion of 6.9%.
Although this is second harmonic dis-
tortion it is in the same phase on each
output tube grid and cannot be can-
celled. Some reduction will occur be-
cause of feedback in the cathode of
cthis tube, leaving about 1.5% which
is comparable with the transformer type
although the swing is much smaller.

There is the limitation with this kind
of circuit: the output swing is not very
great. For some output tubes requiring
a bias less than 45 volts, this drive
voltage would be adequate; but, for
other types, a phase inverter that gives
a larger swing will be necessary.

This kind of circuit does, of course,
avoid all the problems encountered in
the transformer-coupled circuit. There
are no shunt reactances of a value any-
thing like as low as those we have been
discussing. But another disadvantage
of this circuit is that it has very little
gain; in fact, as considered from the
grid of the phase inverter to the grid
of each output tube, it actually has a
loss. Assume that the circuit is being
driven at full amplitude so we have
90 volts peak-to-peak being supplied
to each output tube grid. This 90 volts
appears between cathode and ground ot
the inverter tube. To get this output in

Fig. 7. Load lines for the various RC
phase inverters discussed in the text.
The same operating point as given i=
Fig. s is assumed, with 275 volts B+.
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its plate circuit the tube requires a grid-
to-cathade voltage swing of 7 volts peak,
or 14 volts peak-to-peak. This is over
and above the voltage appearing at the
output from cathode to ground, so the
total voltage necessary from grid to
ground will have to be 104 volts peak-
to-peak.

We reed to put in 104 volts, then, to
get out 90 volts for each output grid.
It is quite casy tc get a swing of 104
volts from a similar amplifying tube,
operated single-ended; a suitable cir-
cuit is shown at Fig. 8. The first stage
has a 25-K plare resistor. A 470-K grid
return to the off-ground bias point is
adequate for the second stage, or phase
splitter. But because this resistor is con-
nected between points with a swing of
104 and 90 volts respectively, it will
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Fig. 8. Complete double stage of the
split-load inverter., The values shown
are based on design figures in the text.

draw much less current from the 104-
volt circuit than 1if it were connected to
ground. The voltage difference across
it is only 14 volts, instead of 104 volts,
so the current will be divided by
104/14. The eflective AC resistance
in parallel with the first stage's 25-K
plate resistor will be 470 K multiplied
by 104/14, which is about 3.5 M. The
shunting eflect of this can be ignored.

Going back to Fig. 5 to calculate the
gain of this stage, 14 volts swing gives
in output of 190 volts swing —a gain
»f 13.5. So an output of 104 volts
wing will require an input of 7.7 volts
wing, or about 2.7 volts RMS.

The response of the phase splitter
section will be 3 db down at the fre-
quency for which the coupling capacitor
reactance is equal to the grid resistors,
250 K. With 0.1-ptd capacitors this
is 7.5 c¢ps; good balance and response
will certainly be maintained down to
20 cycles. For the previous stage: the
effective grid resistor that determines
response is 3.5 M, which extends the
response down to below 0.5 cps with

1 pfd.

his kind of inverter gives good
halance, becaust the balance 1s deter-
mined by the equalitv of the plate and
cathcde resistors. They ca 1 be seccted
precisely and can be xpected to remain
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fairly well matched. Frequency respcnse
can be made as good as we want, but
harmonic distortion is not as low as
has been claimed, and the ourput voliage
is limited.

If the kind of output stage we're
thinking of needs more than 90 volts
to swing each output tube, we have
to consider another kind of phase

1.

28 28
LY K

0.1u4FD

- { GRIO 1
1 230
6SN7 | K
INPUT /L

FROM y

-t

s
PREVIOUS {
STAGE P~ 20
L
——
J:_ £L ]

S0 80 250
MFDI= g5 TIMFD 3 g _
LS L L. GRID 2
0.14FD

Fig. 9. Paraphase circuii bas bigher
maximum output swing tban the split-
load circuit, bocarse each output comes
from an individual complete plate loal.

splitter. Unless we are preparced to fur-
nish an appreciably larger B+ voltage,
the only way out is to use some kind of
phase splitter in which each output
comes for an entire plate load. This
means we must use a separate plate
circuit to drive each grid. If we can
do this, using a2 6SN7 rube and the
same operating values we have alread
discussed, we shall get the full 190
volts (or mearly that) from ewch plate
circuit.

Paraphase Inverter

A simple system of using both plates
for drive, known as a paraphase circuit,
is shown in Fig. 9. We will continue
using the same basic circuit values to
get the advantage of relative perform-
ance comparison. But here the 250-K
output grid resistors are coupled one
to each plate, which brings the AC
loads down to about 22.5 K. This is
shown on Fig. 7 also. A maximum
swing between &2 volts and 254 volts
is obtained, using the same bias point
and 14 volts gril swing. This is a
gain of 12.3, and the distortion is about
8.1% which is much higher than the
split-load type ended up witk

In this case, however, each tupe will
produce second harmonics of opposite
phase, which will cancel at least partially
in the output. At full load the distortion
in the output originasting from the phase
inverter would probably be about 3%.
But the distortion will not be so high
at the same ievel as 1 the previous cir-
cuit. The figures just discassed are for a
swing of 172 wclis. To get approxi-
mately the same ourpu. s.ing s the
first circait, we can 1se a grid swing
from —3 t —1! volts (or, better
still, rrom zeto to 8 vyolrs, using a
new operating point}¥. This gives 100

volts peak-to-peak output swing, and
reduces che distortion on each side to
29%. The resultant in the outpur will
be well under 19%.

To complete the design, though, we
need a drive for the second tube section
equal to that for the first section. Since
the gain is 12.3, we need to tap off
1/12.3 of the output from the first half,
which will be in opposite phase to
its input. The values shown give this,
and provide the same total resistance
in each grid circuit. Frequency response
will be similar to that of the split load
circuit, if similar values are used, so
there is no need to discuss this again.

This kind of circuit will usually work
quite well with a low-gain tube such
as the onz we have chosen. It is not
too successful, however, when used with
a2 high-gain tube in which the am-
plification factor is subject to consider-
ably greater variation with operating
conditions. This is particularly likely
to happen if the heater voltage fluc-
tuates, which alters the operating tem-
perature of the tube and hence its space
charge. Low-gain tubes are not so sus-
ceptible to this kind of variation.

The facr that the balance of the drive
to the two halves of the output is de-
pendent at all upon the exact gain of
the tube 15 considered a disadvantage
by some, for which reason methods have
been devised to equalize the output so
it is less dependent upon the gain of
the individiual tubes. We will not at
this point zo through the full design
procedure, but merely indicate the
method.
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Fig. ro. Modification of ibe parapbase
circuit, intended to miniwize any owut-
of-balauce condition causes by variations

in individual tube characteristics. This
is criled the floating parapbase circuit.

The Floating Paraphase

I1stead of usirg a predetermined tap in
the grid cirooot to obtain drive for the
second stag common sect:on of plate
resistor is =mployed in the floating
paraph: se cirenit, in Fig. 10.

DPlate curients of both tubes pass
through R,. The second tube needs a
grid swing that is only a fraction of

Continued on page 40
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TAPE RECORDER

Continued from preceding page

If a machine has a single record-
playback head, azimuth error in record
is compensated by the same error in
playback. However, when it comes to
playing tapes made on other machincs,
a misaligned single head obviously pro-
vides very poor high-frequency response.

To permit easy azimuth alignment,
test tapes generally provide a steady
high-frequency tone, such as 5,000
cps at 7.5 ips or 10,000 cps at 15 ips.
As the tape is plaved the playback head
is alternately tilted slightly to the left
and right, so as to change the angle
of the gap with respect to the tape.
The position of the head which yields
maximum output is the correct one.
Maximum output can be measured by
the level indicator or it can even be
gauged by ear, because the correct
azimuth setting is quite critical and the
ear is sufficiently sensitive.

If the tape machine has a separate
record head, the next step is to align
this head. The procedure, using a fresh
roll of tape, is to record a high-
frequency tone and adjust the record
head to give maximum output when
played back through the alrcadv aligned
playback head. This tone can be fur-
nished by the phonograph test record.

BALSA TONE ARM
Continned from page 27

lacquer. To assemble, force-fit the pivot
shaft to the yoke, and the ball bearings
in the bearing case. Then complete the
base assembly as shown in Fig. 9.

place, using enough weight to give ap-
proximately the correct stylus pressure;
final adjustments will be made when
the arm is mounted. An armrest can
be made from balsa or a 3-inch piece
of 14-inch Lucite rod.

Properly mounting this arm, as with
any other, is most important. The
amount of time¢ spent in doing this
correctly will be more than compensated
for in better over-all performance and
reduction of tracking error. There are
three basic considerations in mounting
the arm. First, the cartridge stylus must
overhang the turntable spindle by a
critical distance. Second, the arm must
be horizontally parallel with the turn-
table when plaving a record.  Third,
the stylus pressure must be correct.

Height adjustment is done simply by
changing the height of the arm, moving
the bearing case up or down in the
base. Tighten the set screw in the base
to hold the correct position. Proper
overhang, the distance that the stylus
extends bevond the turntable spindle,
is determined by drilling a l-inch hole
for seating the bearing case in the
mounting board; this is drilled at any
desired point on the circumference of
a circle of 9 in. radius having its center
at the turntable spindle. The overhang
should be exactly .048 in. With the
bearing case¢ in the 1-inch hole, move
the arm so that the stylus is this dis-
tance past the center of the turntable
spindle. The 1-inch mounting hole will
permit movement of the arm for this
minor adjustment. When overhang is

correct, fasten the arm base to the
mounting board with flat-head screws.

Stylus pressure is set according to the
cartridge

manufacturer’s specifications,

S

Fig. 10. Cable is run [rom cartridge through channel in arm and hase assembly.

Final Assembly

The arm is now ready for final adjust-
ment and assembly. Install the cartridge,
using self-tapping screws, and run the
shielded cable in the cable slot, gluing
or stapling it to the arm (Fig. 10).
Mount the arm to the base by inserting
the 3g-inch drilled rod in the arm
between the needle bearings. The lead
counterweights are lightly screwed into

40

using a stylus-pressure gauge. Changes
in stvlus pressure are made by changing
the size and number of the lead counter-
weights.

If reasonable care has been taken in
the construction, painting, and mounting
of the arm, you now have a pick p
that looks and perform: with th st.
Mine has been in use for over 4 vear
It has been extremely satisfactory ana
sufficiently durable.

AMPLIFIER DESIGN
Continiced from page 23

each plate output swing to drive it,
SO as to give an output cqual to that
of the first tube. If both plates had
exactly equal swing in plate current,
there would be no swing across R;:
the swing at this junction point auto-
maticallv adjusts itself so that the plate
currents are out of balance by a fraction
sufficient to provide the grid swing
for the second tube. By adjusting the
values of plate resistors R, and R,
which are responsible for developing
the actual output voltages, one stage
can be arranged to have a gain larger
than the other by this fraction.

Assuming that the gain of each stage
can be 12, the voltage appearing at the
junction must be 1/12 the voltage
appearing at each plate. If R, is equal
to R. and R, (approx.) then the plate-
current swings will have to be in the
ratio of 12:11. This means that, to
give cqual plate-voltage swings, R. and
R. must be in the ratio 11:12. Thus
we can obtain equal outputs by altering
the plate-load resistances only a fraction.
Error due to variation in individual tube
gain is reduced to a smuller fraction.
This is a form of feedback, and we
can expect the improvement to be about
equivalent to the working gain of each
tube.

Here is the rub: the series resistance
R, drops some of the available B--
voltage, so that the load line starrs from
a lower point. Otherwise viewed, it
could be said that only part of the
active plate load is used. This has the
effect of restricting the maximum avail-
able output in comparison with the
straightforward paraphasc circuit.  Of
course, the circuit must be tailored to
the desired swing; if a swing of 25 to
30 volts RMS is adequate for each
output tube the arrangement can serve
as 1s. Otherwise, higher B[~ is needed.

This circuit provides distortion can-
cellation in the same way as the straight
paraphase, and frequency response is
calculated in the same way. A special
case of floating paraphase inverter with
teedback will be considered in detail
in a later arti-le.

Cathode-Coupled Inverter

Another circuit that works almost the
same way is called the long-tailed or
cathode-copled phase inverter. Instead
of putting the common resistance in the
plate lead, we put it in the common
cathode return, as shown in Fig. 11.
Tr= - al voltage for driving the
! half is developed across this
comm resistance; the direction of the
voitage drive is reversed by having the
and-srage grid effectively connected
to ground through a large capacitor.
Bias for both tubes is taken from a

AUDIOCRAFT MAGAZINE



saitable point on the cathode resistor.

Apart from this, th rcuit’'s oper-
ation and the availabl ing that it
can give are quire similar to the float-
ing paraphase. There 15, however, the
fallowing difference: the voltage for
the second grid is developed across R,
which is a cathede load for the first
half also. This heing so, the input to
the second grid is linearized by feed-
buack, which deoes not goccur with the
fleating  paraphase.  Accordingly  the
second-harmonic cancellat stands a
chance of being a little better when
this circuit is used as an inverter, al-
though the gain is reduc

Output Impedances
It is essential tha: the irnpedance pre-
sented to the cutput-tube grids by the
drive stage not be very hu Voltage-
amplifier tubes can have grid-circuit
= B+
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Fig. 11. Similer to the foating pare-
phase is the cathode-coupied or long-
tailed inverter. This is ocre variation.

resistances on the order of a megohm,
with an impedaice or AL resistance
of 100 K or 200 K. But output tubes
must have much lcwer grid resistance
than this, because ot the brgger physical
size of the tube and the facc that the
grid current, although minate, is larger
than in the vohage-amplifier tube.

Sc long as the grids of the output

tubes are always operated ia negative
region, and l.rge grid curre do not
begin to flow, 2 gril resiszs in the
range of 100 X w 250 k. but never

greater than 500 K, is z2cceprable for
stabilizing the bias. ving im-

pedance should ke in the region of
perhaps 20 K, as : -pifi.d by inverter
circuits we ~ discussed.

We shall it hat in push-pull

nNWer-ou'T o stag: & tigt power can be
obra.tol ~wues anose easily if we drive”

the zr king the go positive
during a4 wave form. This
moane [N o susrl current
to the -.1d, as s zintata the
oeniar 3wiu’ = the right
utput  vave Iorm.

Otherwise stated, the <uee driving
the outp.at must ke cas.oie sf supplying
power fot grid curren o avoid the
kind of distortion  thar occurs when
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such power is not available. As soon
as the drive reaches zero grid voltage,
conduction of the grid in conjunction
with the high source resistance prevents
the voltage from swinging any further
positive, and the wave form becomes
“clipped”.

Source resistances and impedances for
drive stages have to be very much
lower than when the same outpur tubes
are operated without going into the
positive-grid region. But the design of
a drive stage to supply power for the
output grids is somewhat more compli-
cated than the design of a simple power-
outpur stage. We will reserve discussion
of this until after we have covered the
design of the push-pull power stage
itself. Somctimes, also, to get suthcient
swing for a large power-output stage,
even without positive grid drive, a push-
pull srage is used between the phase
inverter and the output. This is also
called a drive stage, although not called
on to handle power.

HI-FI MILESTONE

Continued from page 25

This was proved when, just before the
finish of the program, the indicator lights
were extinguished and Mr. Hilliar left
the console unobserved by the audience.
It was startling to sce him sranding by
the exit door as the closing chords
sounded, since the last indication of the
lights had been “live”. The experiment
was an unqualified success.

Joint promoters of the demonstration
were The Audio League, The Harmonic
Hill Radio League, and Saint Mark’s
Church; Richard W. Burden was direc-
tor. The program consisted of O Gott,
Du frommer Gott and Toccata, Flor
Peeters; Gigne from Cowncerto No. V,
Handel; and Concerto in C, J. S. Bach.

BASS WITH BUSTER
Continued [rom p. ge 31

ing them at the apex of the criangular
speaker arrangement also increases
greatly the depth of perspecrive.

The middle-range speaker, a Super
12 Wharfedale, lies in a horizontal
position pointing upward toward a foot-
high curved redector. This reflector is
formed over wooden knees by several
sheets of cardboard cemented together
and covered with vibration-proof rubber
floor matting. This 1s not, strictly speak-
ing, a simple direct radiator; the curved
reflector, combined with the corner
walls, provide a considerable front-load-
ing factor The rear of the cone is
totally enclosed 1n about 10 cu, ft. of
air. The corner structure is heavily
construr o and ‘asulated, and is larger
than i« appears in Fig. 5, because it
connects with a former wood-box re-

Continued on next page
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“Atlantic

“The AR-1W woofer gives the ¢leanest
bass response I ever have heard.”

MDD (Eduward Tatnall Canty)

*...the highs impressed me immediately
as very lovely, smooth, unprepossessing, mu-
sical (for music) and unusually nawral. No
super-hi-fi screech and scratch ... As to the
lows...I was no end impressed, from the
first time I ran my finger over a pickup stylus
and got that hearty, wall-shaking thump that
betokens real bottom bass to the time when
I had played records and tapes on the speaker
for some months on end.”

“MNation  (B. H. Haggin)

“...achieves the seemingly impossible; a
real and clearly defined bass in a cabinet only
14 by 1134 by 25 inches 1n size.”

nRADIO -
: RONICS (J. M. Krech)

“...reproduced the full range of bass,
even the pedal tones of the organ, cleanly
and spectacularly . .. shook the concrete re-
enforced floors of the Hotel New Yorker...”

The Saturdap Review (R S. Lanier)

... goes down into the low, low bass with
exemplary smoothness and low distortion. It
is startling to hear the fundamentals of low
organ notes come out, pure and undefiled,
from a box that is two feet long and about
a foot high.”

High Fidelity  (roy Allison)

“...a woofer that works exceptionally
well because of its small size, not in spite
of it . . . I have heard clean extended bass
like this only from enclosures that were at
least six or seven times its size.”

THE AUDIO LEAGUE REPORT
(Oct., ’55) Pleasantville, N. Y.

“Speaker systems that will develop much
less than 309 distortion at 30 cycles are
few and far between. Our standard reference
speaker system,* the best we've ever seen,
has about 5% distortion at 30 cycles.”
“The AR-1W

The AR-1 speaker system, in mahogany
or birch, is $185. Suggested driving power,

at least 30 watts. Literature on request from
Dept. U.

ACOUSTIC RESEARCH, INC.

25 Thorndike St., Combridge 41, Mass,
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