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Commercial high-fidelity reproducing equip-
ment has for some time been available at prices
low enough to permit widespread use in home in-
stallations. Tuners, amplifiers, cartridges and
speakers which can handle the range from 50 -
10,000 cycles per second are today quite reason-
ably priced and equipment handling 30 - 15,000 cps
is available in the higher price ranges. Speaker
development has reached the stage where the former
range can now be handled by single-cone speakers
and the latter range by duplex or multi-way
speaker systems. Most of the progress taking
place in speaker development over the last decade
has been mainly in extension of treble range, low
bass reproduction in speaker techniques having
preceded treble development.

Reproduction of the low bass end, however,  is
a function not only of speaker but of speaker en-
closure as well. As almost all 12" and 15" speak-
ers designed for the hi-fidelity market are
capable of reproducing down to 50 cps and below,
the responsibility for low bass reproduction today
rests almost entirely on the speaker enclosure.
Unfortunately, space limitations in the modern
home mitigate against the use of large enclosures
and in most home systems the octave below 100 cps
is generally missing or is strongly curtailed.
While such systems would sound balanced and pleas-
ing before the full treble range became available
and do indeed sound better if the amplifier treble
control is cut back, it is generally found today
that home systems are operated with the treble
control flat and with bass control considerably
boosted in an attempt to improve balance. While
this boost in the 100-200 cps range may help mat-
ters somewhat there is actually no true bass
"feeling" to such reproduction. It was considered
worthwhile, therefore, to develop a small enclosure

*5218 19th Ave., Brooklyn 9, N.Y.
*x10 West 86th St., New York City

which would extend the bass range to at least 50
cps, and if possible to attempt to attain this
result without resonant peaks, but retain good
damping and transient response. Resonant peaks in
the bass range produce "boom" and barrelly" speech
reproduction, while poor tramsient response "mud-
dies up" the bass.

A brief consideration of existing systems
capable of 50 cps response will be pertinent in
tracing the development of the R-J system, and the
following systems will be briefly considered.

1. Flat baffle
2. Open Back box
3. Closed box

4. Horns

5. Bass Reflex
6. R-J.

1. A flat baffle will have to be 11 feet square.
If the speaker itself resonates at 50. cps, there

will be a bump in the pressure-response curve at

this frequency and the response will fall off be-
low at 18 db per octave.

2. Open back boxes are not suitable. A 7 cubic
foot open back box 4" from the wall produces a
walloping "boom" at 100 cps1 and response drops
off below at 18 db per octave. Below 100 cps fre-
quency doubling and tripling distortion is very
great.

3. Closed boxes need to be very large. A 15"
speaker will require 12 to 18 cubic feet of air
depending on the speaker compliance.

4. Hormns provide high efficiency and good tran-
sient response. For 50 cps, the horn works out to
a mouth diameter of 6'-8" or its area equivalent,
and a length of about 8 ft. This is a little

1 "Loud Speaker Enclosures", Plach & Williams Audio
Engineering, July 1951.
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bulky for home use, however, Mr. Klipsch? has been
able to-ingeniously fold the horn so as to require
only 13 cu. ft. of space.

5. Bass-Reflex. In pursuing small enclosure de-
sign, it was felt that the most fruitful field for
investigation lay in the direction of 'résonating
systems. A resonating column or chamber will pro-
duce sound with very little enmergy to activate it.
Consequently, proper design may achieve useful
sound output at some point in the register where
system response would otherwise fall off.3 The
bass-reflex enclosure is an example of this kind
of a system which, until recently, offered the
closest approach to meeting the space problem.
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SECTION A-A
Figure 1

The demonstration bass-reflex as shown in Figure 1
consists of an enclosure with a speaker mounted in
it and a port hole in the enclosure near the
speaker. The first step in the design of the en-
closure requires that the air resonance of the
enclosure occur at the free-air cone resonance of
the speaker.

The air resonance of the bass reflex enclosure
can be closely determined by

c (ni
f= 21‘(V)¥
A is the area of the port
V is the volume of the enclosure
C is the velocity of sound in air.

where:

2 "pesign of Compact Two Horn Loudspeaker", Paul W.
Klipsch Electronics, Feb., 1946.

3 "pcoustical Labyrinth", B.J. Olney, Electromics,
April, 1937.

4 "gound Translating Device," A.L. Thuras, U.S. Patent
#1,869,178 - July, 1932.

The bass reflex used in the demonstration
employs a 12" speaker with a free air cone reson-
ance of 63 cps. To determine the volume V required

v = [2070{(A)i|2'

A is in sq. in.
f is in cycles per second.

where:

Using A of 75 sq. in. and f of 63 cps, V
comes out 9400 cu. in. Adding another 400 cu. in.
for the speaker is 9800 cu. in. or 5.7 cu. ft.
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IMPEDANGE GURVE
8 OHM 12" SPEAKER
63 CPS FREE AIR CONE RESONANGE
IN 57 CU. FT. BASS
REFLEX ENCLOSURE

Figure 2

Bass reflex enclosures must be carefully tuned
after mounting the spehker to produce optimum re-
sults. Since the enclosure is generally purchased
separately, and the speaker mounted within it
without further adjustments, it is seldom that
proper results are obtained. This is one of the
major drawbacks of the bass reflex. When properly
tuned, a bass reflex will exhibit two impedance
peaks of equal amplitude, equally spaced in fre-
quency above and below the speaker free air cone
resonance. The impedance curve of the system with
an 8 ohm 12" speaker is shown in Figure 2.

Exploring the possibilities for appreciable
reduction in size of the bass-reflex enclosure, it
becomes evident from inspection of the above equa-
tions that this may only be accomplished by reduc-
tion of port areas. Basically, the enclosure air
resonance must occur at the free air cone resonance
of the speaker where the speaker would otherwise
oscillate with very little damping. The enclosure
air resonance, being out of phase with the speaker
restricts the tendency for large movements of the
speaker cone while at the same time sound radiation
from the port area takes over and helps to provide
acoustic output at this frequency.
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If the port area is reduced, acoustic radia- -
tion; which is proportional to the port area,
drops off correspondingly and the desired sound
output is not obtained. In addition, if the port
area becomes too small the enclosure begins to
approach closed box performance. There is there-
fore, a law of diminishing returns in operation -
and as a result, ports are generally compromised
to about 75% of the speaker area. Sometimes the
further addition of a duct added to the port is
employed. By this means a further small reduction
in volume can be obtained.

AV
Figufe 3

7. R-J. In pursuing the design of a small en-
closure various types of resonmant principles were
explored and an adaptation of the Helmholtz reson-
ator was finally adopted. In this type of reson-
ator, (Fig. 3) the mass of air in the opening A
swings back and forth at resonance and the air in
the cavity V acts as a resisting spring against
the movement of the air in the opening. The com-
bination sets up a system analagous to a weight on
a spring and has a resonant frequency determined
by the mass and the compliance of the arrangement.
The equation for the resonant frequency of the
resonator is, as above,

ROL

T 2 (V);

Helmholtz resonators are characterized by
extremely high Q, and if a speaker is placed with-
in a resonator, the response curve will exhibit a
very high peak at resonance. If, however, some
means to control the Q can be incorporated into
the system, a small enclosure could conceivably be
designed which would permit flattening the peak.

A practical form of enclosure which attains this
end takes the form shown in Figure 4.

The system still acts as a Helmholtz resonator
with the further modication imposed by the creation
of a duct system, indicated by arrows on Figure 4,
between the back cavity and the frontal opening.
The resonant frequency of an enclosure with a
volume of 4800 cu. in. and an area of 64 sq. in.
calculates out as follows:

—A

|
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_ SECTION A-A
Figure 4

£ = (1080) x (12) x 60t - g, cps.
2x (4800) %

Actually close calculations require several

" refinements to take into account the effect of

duct length and the end corrections.

Control of the circuit Q is obtained by vary-
ing the spacing of the duct produced between the
frontal board and the speaker board. By decreas-
ing this spacing it is possible to -introduce
acoustic resistance to lower the Q and increase

damping. The acoustical resistance of a slot is
expressed by
k2
Ra Z ——
t3w

K is a constant
is the length of the duct passage

w is the width of the duct passage

t is the thickness of the duct passage
(the spacing between the frontal board
and the speaker board)

where:

The acoustical resistance is a function of
the third power of the spacing and becomes quite
critical as t becomes small. Halving the spacing
increases the acoustic resistance 8 times. By
experimenting with the spacing it was found pos-
sible to reduce the circuit Q and broaden the
resonance so that this systenm, with a speaker of
63 cps free air cone resonance, smoothly extends
to 50 cps without any peak at resonance.

The introduction of the acoustic resistance
also has a strong effect upon air loading the
speaker. This is very desirable in improving
speaker damping and the magnitude of damping ob-
tained may be judged from the amount of lowering
in frequency of speaker resonance below the free
air conme resonance. As shown in the impedance
curve of Figure 5, the speaker resonance in the
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R-J enclosure is 32 cps. as against 50 cps. for
the same speaker in the bass reflex, Figure 2. It
is believed that 32 cps. loaded speaker resonance,
as against 64 cps. free air cone resonance, is
considerably lower than can be achieved by other
systems.

To show the performance of the system, the
following demonstration was set up and performed.
Figure 6 is a block diagram of the test setup.
The amplifier (built by Audio Designs, Inc.) is a
Williamson circuit employing two 5881 tubes in
the output with 30 db of negative feedback and
approximately 0.5 ohm of internal impedance. The
two enclosures are as described in Figures 1 and
4. The same model 12" speaker was used in both
enclosures. This speaker is a moderately priced
($25) popular hi-fi speaker with 8 ohms of im-
pedance. The free air cone resonance as measured
was 63 cps.

The microphone used was an Altec Lansing 21B
with preamplifier and a 5" scope was used to ob-
serve the results.

The bass reflex and the R-J were placed side
by side with the microphone on horizontal axis
between both enclosures and on vertical axis of
) both speakers as shown in Figure 7. The compari-
son switch was thrown back and forth at various
frequencies and the results noted. A direct com-
parison was thereby obtained between the perform-
ance of the enclosures under the same conditions.

BASS
REFLEX

X PLAN

MIC.

ELEV.

No equipment controls were operated except for the
frequency control and the series of unretouched
photographs of the oscilloscope screen shown as
Figures 8 through 19 represents points on the
sound-pressure frequency response curve under the
conditions of test.

Figures 8 and 9 are of the bass reflex and
the R-J respectively at 110 cps. Note equal sound
pressure from both.

Figures 10 and 11 are taken at 84 cps. which
is cabinet air resonance for the bass reflex and
R-J as shown on impedance curves Figures 2 and 5
respectively.

Note the characteristic "boom" developed by
the bass reflex as indicated by the large increase
in output. As shown the R-J is only slightly in-
creased and a slight reduction in frontal spacing

BASS :
, REFLEX MIC.
A AMPL. f &—— PRE-aMP|-{5COPE
] Ry . '
' Figure 6
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Figure 11

Figure 13
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Figure 14

Figure 16 Figure 17

Figure 18 Figure 19
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is required to take care of this.

Figures 12 and 13 are taken at 55 cps. Bass
reflex and R-J maintain output equal to that at
110 cps.

Figures 14 and 15 are taken at 48 cps. The
bass reflex is beginning to frequency double. The
R-J is entirely fundamental.

Figures 16 and 17 are taken at 44 cps. The
bass reflex is almost completely frequency doubled
and the output consists almost entirely of 100%
second harmonic distortion. The difference in
pitch is plainly evident upon comparison switch-
ing, the bass reflex sounding one octave higher
than true'pitch. Another effect of this doubling
is an increase in amount of abparent bass over
true reproduction. The lack of fundamental tone
will be particularly noticeable in the reproduc-
tion of low bass organ music where the octave rise
in pitch becomes apparent, especially if choral
singing or other high register notes occur in the
same passage. In such case intermodulation of the
upper register voices or notes becomes noticeable.
The R-J, although somewhat down in output, still
maintains the fundamental tone.

Figures 18 and 19 are taken at 32 cps. The
bass reflex is still distorted while the R-J still
maintains fundamental tone.

The ability of the R-J system to handle power
without frequency doubling at the very low fre-
quencies is due in main to the air loading on the
speaker which the design of the enclosure effects.

This loading is also beneficial in increasing the
transient damping of the speaker and the power
handling capacity. Transient damping which cuts
down spurious speaker vibration or "hangover"
after the signal has ceased may be demonstrated in
a simple test. Keying the input of an audio oscil-
lator to the system will produce a "click" om cir-
cuit make end, depending on whether the system is
well damped or not, a "click" or "bong" respect-
ively on the break. Particularly noticeable at
frequehcies near enclosure resonance, the bass re-
flex will go "click-bong" as the circuit is made
and broken. The "click-bong" from an R-J under
these conditions shows good transient response.

Conclusions:

1. Although based on a resonant principle,
the R-J enclosure is an aperiodic system.

2. Response of the R-J with a 12", 63 cps.
free air cone resonance speaker is smooth down to
50 cps. with usable but attenuated output down to
30 cps.

3. The R-J provides air loading instrumental
in preventing frequency doubling and tripling and
maintains fundamental tones with a 12" speaker
down to 30 cps.

4. Good speaker damping and transient re-
sponses are inherent in the R-J enclosure design.

The demonstration was followed by playing
various kinds of recorded music for comparison of.
both enclosures until the close of the meeting.



A VOLT-OHM-
MILLIAMMETER

With self-contained
power source, pro-
vides 6 d-c voltage
ranges (10,000 ohms
per volt)—6 a-c rec-
tifier type voltage’
ranges (1,000 ohms
per volt)—6 d-¢ cur-
rent ranges and 3
ohmmeter ranges.

AN ELECTRONIC
VOLT-OHMMETER

Using 115 volts, 60
cycle external power,
Model 769 is a sta-
ble electronic instru-
ment providing 6
ranges from 3 to
1200 volts d-c full
scale and 6 ohmme-
ter ranges to 2000
megohms full scale.

A PROBE TYPE
VACUUM TUBE VOLTMETER

As an a-c probe type
vacuum tube volt-
meter, ranges of 3 to
300 volts, frequency
coverage extends
from 50 cycles to 300 ‘%
megacycles. Special .
ly designed RF and
D-C probes supplied.

%MVV\;’ESTO“N model 759

ULTRA HIGH FREQUENCY ELECTRONIC ANALYZER

Here is a truly versatile, three-in-one instru-
ment that’s a natural for those engaged in
electronics production or maintenance. The
entire instrument is protected from external
RF influences. Its broad range and its complete
stability make it ideally suited for AM, FM,
and television testing, as well as for many ap-
plications in the HF and VHF fields. Uses
standard commercial tubes, replaceable with-
out recalibration. Extremely compact, Model
769 provides greater economy, greater conven-
.eace, because this one instrument provides for
practically all electronic measurements. Liter-
ature available . . . WESTON Electrical In-
strument Corporation,608 Frelinghuysen Ave-
nue, Newark 5, New Jersey . . . manufacturers
of Weston and TAGliabue instruments.
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‘The wings of a hummingbird
beat 80 times a second. Transis-
tors, developed experimentally
by'RCA, oscillate electrically
800 million times a second.

ion times a second !

Now science has discovered a new
and magic tool—a major advance in
electronic research—the transistor.
Tiny as a kernel of corn, a speck of
germanium crystal embedded with
wires in plastic can perform many of
the functions of the electron tube.
Because it has no heated filament, no
vacuum, requires no warm-up and little
power, the transistor is a device which
has long been needed in electronics.
It is also rugged, shock-resistant, un-

affected by dampness and—properly
made—it will serve for many years.

Despite these advantages, the transistor,
until recently, was limited to a frequency
region below 50 million oscillations a sec-
ond. Experimentally RCA has now in-
creased this to 300 million times a second
and even higher goals are sought—to in-
crease the transistor’s uses.

Higher frequencies for transistors
point the way to their use in television,
radio, communications and more
efficient electronic controls for air-

planes and guided missiles. The small
size, long life, and low power require-
ments of transistors suggest entirely
new electronic devices—as well as use
of transistors as working partners with
electron tubes.

* * *

Expanding the research in electronics of
solids, and the possibilities of transistr:s,
is another example of RCA pioneering at
work for your benefit. This leadership
means finer performance from any product
or service of RCA and RCA Victor.

° R4D10 CORPORATION OF AMERICA

World leader in radio— first in television



NEW/ vHF TELEVISION

Standard Signal Generator

Model 84-TV Standard Signal Generator has been
developed to meet the need for a reliable signal
source for the UHF Television band. Research re-
quirements as well as production testing needs are
met with accuracy, stability and ease of operation.

Important features extend the usefullness of this
versatile new instrument to many applications with-
in its frequency range. Model 84 TV's combination
of high output and low VSWR assures the owner

MODEL 84-TV

of an instrument that will make a wide range of
measurements with the reliability expected from
Measurements Laboratory Standards. This instru-
ment is useful for driving slotted lines and other
impedance measuring devices, as well as making
direct gain measurements of RF amplifiers.
Because of its low harmonic content, the char-
acteristics of UHF filters, traps, antennas, matching
networks and other circuits may be accurately -
measured.

SPECIFICATIONS
FREQUENCY RANGE: 300-1,000 megacycles.
OUTPUT: .1 Microvolt to 1 Yolt, across 50 Ohms.

OUTPUT IMPEDANCE: 50 Ohms coaxial.

MODULATION: Internal 400 cycle, continuously variable from 0 to 30%. Provision
for external modulation of 50 to 20,000 cycles.

LEAKAGE: Negligable.

SIZE: Overall dimensiohs: 113 inches high, 19 inches wide, 11 inches deep.

WEIGHT: Approximately 40 pounds.
POWER: 115 volts, 60 cycles, 120 watts.

Descriptive circular upon request

MEASUREMENTS

BOONTON

CORPORATION

NEW JERSEY




AA

the Instrument

most often used

vy,

for RAPID, ACCURATE,
CONVENIENT
MEASUREMENTS

From our entire line of some 400 electronic
instrumentation items, we hear this said most
often about the versatile Type 650-A Imped-
ance Bridge.

This universal bridge is completely self-con-
tained, portable, light weight, simple to oper-
ate, and always set up and ready to measure
these important electrical quantities over very
wide ranges.

Resistance: 1 milliohm to 1 megohm

Capacitance: 1 micromicrofarad to 100 microfarads
Inductance: 1 microhenry to 100 henrys
Dissipation Factor (R/X): .002 to 1

Storage Factor (X/R or Q): .02 to 1000

GENERAL RADIO Cumpany

275 Massachusett
‘est St. NEW YORK &

sachusetts, U.S. A.
ward St. LOS ANGELES 3R

enue, Cambridge 39,
S. Michigan Ave. CHICAGO 5 1000

of RESISTANCE

CAPACITANCE
INDUCTANCE

The accuracies obtained are more than suffi-
cient for a majority of the routine laboratory
measurements of these quantities. Both a-c and
d-c power is supplied to the bridge from four
dry cells. A zero-center galvanometer is the d-c
detector; a 1,000-cycle tone source is used for
a-c, with terminals for accessory headset detec-
tion. Panel terminals are provided for an exter-
nal generator for measurements from a few
cycles to 10 kilocycles.

Thousands of these bridges are in use in the
leading laboratories throughout the world.
Once you have used one, you’ll find that you
can’t get along without it.

Type 650-A Impedance Bridge: $260

Admittance Meters¥c Coaxial Elements ¥ Decade Capacitors
Decade Inductors ¥c Decade Reststors ¥ Distortion Meters
Frequency Meters e Frequency Standards Yr Geiger Counters
Impedance Bridges ¥t Modulation Meters ¥ Oscillators
Variacs v Light Meters Yc Megohmmeters < Motor Controls
Notise Meters ¥c Null Detectors Yt Precision Capacitors

Pulse Generators ¥ Signal Generators Yc Vibration Meters ¥t Stroboscopes ¥t Wave Filters
. U-H-F Measuring Equipment ¥ V-T Voltmeters ¥& Wave Analyzers ¢ . Polariscopes



