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8 Claimis:
l,

This invention relates to radio receiving ap-
paratus, and more particularly to an arrangs-
ment for improving the acoustic characteristics
of the sound output from receivers of small size.

‘The most common objection to the small, table
model receiver is its poor low-frequency response.
Poor response is due largely to the small bafile for
the speaker which allows the back and front
waves from the speaker to caneel each other.
The principal object of this invention is to over-
come this defect without increasing the size or
interfering with the portability of the receiver.

Those skilled in the art have long recognized
the problem of obtaining low-frequency sound
output from dynamic speakers using the very
limited Baffle area available in small eabinets. It
has been proposed, and tried, to obtain a syn-
thetic bass by accentuating the harmonics of the
missing bass notes to give the ear the impression
of bass response. Attempts have also been made
to boost existing low frequencies by meéans of’

selective regenerative feedback in the electrical”

circuits.
sufficient:
The best arrangement heretofore propesed has
consisted  in enclosing the cabinet to the rear
of the speaker for the purpose -of preventing out-
of-phase interference between the front and back"
waves from-the diaphragm, as in the'case of an’
infinite baffle, disclosed in Olson et al. copending*
application Serial No. 545,872; filed July 19, 1944;
now Patent 2;490,466.
necessary to use a specially constructed dynamic
speaker, characterized by a highly compliant sus-
pension; - having a much lower than normal

These arrangements have not proven

natural resonance to allow for the stiffness added-

by the confined air in the small rear enclosure to
the compliance of the diaphragm suspension. I
has generally been considered impractical, if not

impossible, to reproduce frequencies lower than-

the natural resonance of the speaker, that is, be-
low the point where the speaker diaphragm is-

mass controlled, in the stiffness controlled re--

gion. This is true regardless of the size of the
baffle, contrary to the general supposition that
low frequency reproduction is limited only by the
baffle area used.

In accordance with the invention, the low-
frequency response of sound reproducing- appa-
ratus using an ordinary dynamic speaker is ex-~-
tended by enclosing the space to the rear of the

speaker except for a restricted opening in the-
base and removably placing the opening over a-
corresponding opening in a fable top or cabinet

having-an acoustic- device, the-back wave being

In the latter case, it is-

(Cl. 181--31)
_ 2
fed-through- the openings into said device: The
invention is based upon three-assumptions: (1)
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That, in the home, small table model recéivers-are
usually lccated more or less permanently on- o
plece of furniture-such as an end table; (2) that-
a special table‘or the like could be prov1ded espe-
cially for this purpose-and so constructed in-‘com-
hination with the receiver as to increase the ef~
fective bafile area or othérwise to increase the're~
rroduction of low frequency over what'the small-
receiver is capable of reproducing alone: ahd-
(37 that it is desirable ‘at times to move the smail-
receiver to other locations in the room or house
without difficulty, using it -as an ordinary table-
model with ordinary performance.

Another object of the invention is to provide-
2 small, portable radio receiver having unusual
performance when-used in one-location in combi-
natLon with  auxiliary apparatus; - which may

cadily be disassociated from said auxiliary- ap-
Daratus and transported to other loeations for
operation as a complete, small receiver with-at
least usual performance.

Another object of the invention is to: provide

5 means for ‘obtaining from an ordinary small, table

niodel radio receiver an-extended- range of low-
frequency’ sound output comparable’ to that ob=
tained with a relatively large receiver ‘and with<
out using a special speaker of lower resonant fre-
quency than usual.

- A further object of the invention is to provide
an’ inexpensive low-pass acoustic filter for a*
radio receiver, preferably using some of the'exists-
ing apparatus as parts of the filter, for reducing -
high audio-frequency  dgisturbances.

A-still further object of the invention is to
provide a supporting table stand or cabinet for
a table model radio- receiver, constructed to im=~-
prove the fidelity of the sound output as well ‘as"
to increase the radio-frequency input to the an--
tenna built within the receiver,; partmularly for-
operating” within shielded buildings,” When the’
receiver is used with the table:

Other objects of the invention and details of
structure will be clear from the following descrip-
tion, taken in connection with the accompanymg'
drawmgs in which:

Fig: 1'is a view in perspective of a radio re-
ceiver and table comprising a preferred embodi-
ment of the-invention, the dotted lines showing
the normal operating position of the receiver, and’
portions of the table legs being cut awiy’

Fig. 2 is" an elevational view partly in cross-
section, of the ‘apparatus shown in Fig. 1, with
the receiver in operating position on the table:
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Tig. & is a simplified electrical circuit diagram
of the apparatus shown in Fig. 1;

Fig. 4 is an enlarged view, in perspective, of
the chassis of the radio receiver shown in Fig. 2;

g, 5 is a side elevational view, partly in sec-
tion, of a species of the invention;

Fig. 6 is a front elevational view of another
species of the invention; and

Figs. 7 and 8 are actual characteristic curves
of performance taken of the apparatus of Figs.
1 and 2.

Referring to Fig. 1, a radio receiver I, made in
accordance with the invention, is shown on top
of a table 3, also embodying the invention, the
normal operating position of the radio receiver
being shown in dotted lines {’. The table is
provided with a hinged lid 8, which may.be closed
when the radio receiver is not used in combina-
.ion therewith, to present a substantially smooth
table surface. For improving signal reception,
a coil of wire 1 is embedded in the surface of the
hinged lid and is connected, through the hinges
9, to antenna and ground, respectively, or in
some cases to a dipole antenna. When the radio
receiver is placed over the opening {1, for reasons
hereinafter  described, the loop antenna of the
receiver, shown at {3 in Figs. 2 and 3, is adjacent
the coil T for increasing the signal pickup. The
latter feature is particularly desirable in shield-
ed locations where a loop antenna loses its effec~
tiveness and where an outside antenna is nec-
essary. While only one turn 7 is shown, and
while this would operate materially to increase
signal pickup, actually several turns were used
to obtain sufficient inductance to resonate the
antenna cireuit below the broadcast band.

For the purpose of obtaining an increased re-
production of low audio-frequency sound waves,
~and materially extending the Ilow-frequency
end of the range, a loudspeaker 18, of the moving
coil, dynamic type, shown in Fig. 2, is provided,
which has a natural resonance, as measured in a
large baffle, substantially below the useful audio
frequency range to be reproduced. The loud-
speaker includes a direct acting diaphragm
16, and a highly compliant suspension sys-
tem for the diaphragm whereby the diaphragm
is controlled by mass reaction. The Iloud-
speaker is mounted in a closed and acoustical-
iy sealed compartment 15 made up of a sheet
metal housing 17 and a rear enclosure wall 19,
preferably of plywood. The compartment is sealed
around the rear surface region of the dia-
phragm (6, except for an opening 21 in the bot-

tom thereof which is arranged to communicate ;

with a corresponding opening {| near the top of
the table when the radio receiver is positioned
in a recess 6 above a sub-top 28, as shown. A
felt gasket 25 provides an acoustic seal between
the rear compartment 15 of the speaker and a
closed cavity 30 below the table top formed by the
top 23, bottom 29, and side walls 27. In effect,
there are two compartments coupled acoustical-
ly through openings il and 21.

The felt gasket 25 may be cemented to the
chassis upon the base around opening 2i, as
shown in PFig. 4, or it may be cemented to the
sub-top. member 25. In the former case, the
‘compartment 15 is sealed when the receiver is
mounted upon any flat surface. In the latter
case, there is leakage around the lower edge of
the opening 2{ through the ventilating open-
ings 47 (Fig. 4) in the cabinet back 43 when
the receiver is operated upon an ordinary flat
surface. The leakage may be increased, if de-
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4 ;
sired, by spacing the receiver base above the
surface, as by means of a few books or by feset,
in either of the two cases, depending upon
results desired. The low-frequency response
changes in the former case as the base opening
is raised above a flat supporting surface, chang-
ing from a sealed, small back enclosure to a par-
tially open rear enclosure. The felt seal may be
entirely omitted, as in Figs. 1 and 2, it having
been found that beneficial results still are ob-
tained by spacing the openings 21 and {1 a small
distance apart.

For the purpose of minimizing resonant peaks
and eliminating anti-resonant dips, shown be-~
low 1000 cycles in dotted lines in Fig. 8, the table
cavity is filled with sound damping material 31,
such as fibre glass, loosely packed. Other ways
of damping known to the art may be used if de-
sirable, for example that shown in Carlisle et
al. Patent 1,837,755, disclosing coupled compari-
ments but involving a different acoustic func-
tion. The cavity hags little or no effect on the
response above 1000 cycles.

In accordance with the invention, the cubical
contents of the rear speaker enclosure or com-
partment and the table top cavity bear a certain -
desired relation, the latter being much greater
than the former. In an actual working model
made in accordance with the invention, the
cubical content.of the region to the rear of the
speaker diaphragm, that is, the enclosed air, was
about 40 cubic inches, whereas the cubical con-
tent of the cavity was around 900 cubic inches.
The latter volume may be increased for speakers
having lower speaker resonant frequency. The
speaker resonance in this case was 120 cycles (Fig.
8), as measured in operation with a very large
bafile. The throat opening at 21 and {{ bears a
certain relation to the cubical contents of the
communicating chambers and the diaphragm
area. The table cavity inside dimensions are
16”7 x 16"’ x 3%’’, and the table was 23 inches
high. In the model mentioned, the area of the
throat or housing opening was about the same
as the diaphragm area and measured -about
2.25"" x 5’’. Experiments were made with the
throat opening smaller, and it was found that
the effect was to lower the low-frequency reso-
nance point, but there was some loss in amplitude
of response. . The speaker housing dimensions
are, height 5/, width 5’’, and depth 2%;’’. The
cabinet dimensions are, height 5%, '/, width 1014,
and depth 3%"’, .

Referring to Fig. 4, which shows the invention
in greater detail, the metal chassis or plate 32
to which the speaker is secured at points 28, in
front of the speaker diaphragm, is provided with
a plurality of smalil holes 33 of the order of %'’
in diameter, spaced about %'’ from each other
for the purpose of providing an acoustic filter
in combination with a grille 2 (Figs. 1 and 2);
preferably also made of metal and having holes
of similar size and spacing. The diameter of
the holes and the thickness of the metal deter-
mine the acoustic inertance. The spaced per-.
forate plates provide a low-pass filter for effec- -
tively cutting off undesired higher audioc fre-
quencies, including “monkey chatter,” from an
adjacent channel, high frequency hiss, and static

_bursts, as shown to the right in Fig. 8. The dot--

ted line curve C shows the effect of the output
response without the filter and the solid:line
curve D shows the effect of the filter. The filter
has little effect upon the low-frequency response .

-if the holes are about the size shown, or larger,
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‘The perforate plate 32 serves also during produc-
tion to protect the conical paper diaphragm from
injury, such as often occurs in cases where the
diaphragm is unprotected on the chassis dur-
ing preduction, and in use the plate 32 may take
the place of a grille cloth.

It will be obssrved that certain of the radio
components are mecunted upon the chassis with-
in the speaker compartment and others are
mounted on the outside thersof. The tubes 37
and other heat radiating elements are mounted
on the outside of the chassis. The tuning con-
denser 39 and other components are also mounted
on the outside, but for other reasons. Certain
of the connections to the tubes are made on the
inside of the chassis, within the compartment, as
shown at 4i, for example.

The loop antenna {8 is preferably cemented
to an insulating composition koard 42 which
forms the rear enclesur: wall for the ecabinet
of the receiver {. The loop and mounting board
43 are preferably spaced from the rear of the
chassis to reduce losses. It will be noted that
the rear wall of the chassis is made of plywood
or cther insulating material to reduce losses into
the loop circuit.

It will be observed that the closure board 43
is cut away at the corners, at 47 and 48, to pro-
vide openings for the purpose of circulating air
to cool the heat radiating elements on the chassis
within the spaces between the chassis end walls
and the cabinet. When the small receiver is
mounted on an ordinary surface, for example,
as shown by the receiver | in Fig. 1, the air
enters the cpenings at 47 at the bottom of the
cabinet and leaves through openings 48 at the
top of the cabinet. When, however, the receiver
is placed in normal operating position upon the
table, as in Fig. 1 (dotted lines {’) and Fig. 2,
the lower openings at 47 are closed by the prox-
imity to lid B. Tubular members 8 have been pro-
vided for the entrance of cooling air in place of
the covered openings at 47. The tubular mem-
bers 8§ extend all the way from the top to the
bottomn surface of the closed cavity in the table,
while preserving the acoustic seal within the
cavity.

Referring to Fig, 5, an earlier species of the in-
vention, enhanced results were obtained with an
increased baffle effect between the front and rear
surfaces of the diaphragm, by providing in a
cabinet housing 5¢ an enclosed rear compartment
53 for the speaker, similar to that shown in Fig.
2, arranged to communicate with an opening
58 in a table top 57 through a corresponding
opening £8 in the bottom of the spesker compart-
ment. As in the other case, the heat radiating
elements, such as the amplifier tubes 61, were
mounted outside of the speaker compartment for
the purpose of air cooling.

An improvement over the arrangement of Fig,
5 can ke obtained by the use of a horn, as shown
in the modification of Fig. 6. In this arrange-
ment, a table or cabinet 63 of approvriate orna-
mental design is provided with a horn 65 extend-
ing vertically downwardly from the top 87 to
the base of the table or cabinet, as shown in dot-
ted lines. A small radio receiver {, with an en-
closed speaker, as shown in Figs. 1 and 2, is
mounted over the throat of the horn in the top
of the cabinet. This arrangement results in a
substantial extension of the low-frequency end
of the operating range. The horn is not criti-
cal in design, although an exponential type is
to be preferred. While this arrangement is sat-
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isfactory, it is expensive and reguires more room
than that shown in Fig. 1. Applicants are aware
that High patent 1,794,597, dated March 3, 1931,
broadly diseloses an exponential hern coupled to
the rear surface of a 'speaker diaphragm. In
order to make the structure of Fig. 6 more com-
pact, as in Fig. 1, the horn may be made up into
a labyrinth construction, as taught by High.

Referring to the characteristic curves of Fig.
7, the dotted line curve A shows the operation of
the small receiver with the bottom opening 21
closed, as used on any ordinary table or surface.
The speaker used for this measurement had a
natural resonance of 109 cycles, as determined
with a very large bafile. Curve B shows the sub-
stantial improvement in the extended low-fre-
quency end of the range when used with appli-:
cant’s invention. In view of the increased low-
frequency response, it was found desirable to
improve certain of the circuit components, such:
as the output transformer to the speaker, which
was redesigned to handle the increased low fre-:
quencies.

Referring to the curves in Fig. 8, curve C in
dotted lines shows, in the region below 1000 cycles,
the undesired peaks and dips occurring in the
cavity without the sound damping material. The
full line curve D shows a slight reduction in the
first peak and a substantial elimination of the
first bad dip in curve C. These curves were made
with a speaker having 120-cycle natural reso-
nance as measured in a very large bafie, for ex-
ample, the wall of a room. The 100-gycle
speaker used in the case of Fig. 7 was damaged.
and it was necessary to obtain another speaker.
of the same type to complete the tests. It had:
a different natural period.

Curve E, the low-frequency portion only being
shown, was taken with the same speaker as in
the case of curves C and D, but operating in a
single, large, sealsd rear cavity or compartment.
In this case, the speaker was mounted in a hole
cut in the top wall 28 of the table cavity, with
the opening {! closed. The compartment {5
was not involved. A comparison with curve D
shows that the low-frequency resonance. is about
25 cycles higher. This shows the beneficial re-:
sults from the two coupled compartiments made in
accordance with the invention, as distinguished
from a single, large, rear compartment.

From the above, it is apparent that, as a re-
sult of the invention, substantially improved re-
sults are obtainable with g small, table model
radio receiver using a standard design of speaker
when combined with a table or other support
which is made to extend the low-frequency end.
of the range. At the same time, the small re-
ceiver may readily be carried to other locations
and operated in the normal manner as a small
radio receiver with the usual acoustie charac-
teristic output. The receiver may be fully port--
able, as in the case of A. C./D. C. battery opera-
tion.

In accordance with the invention, a substantial
improvement can also be realized when using a
small receiver with a sealed rear enclosure and
extra-low frequency speaker, as in the above
mentioned Olson et al. patent. In one aspect,
the invention is an improvement over said Olson
et al. patent. For example, if the speaker, pref-
erably of the folded edge type, disclosed in said
Olson ef al. patent, has a low natural resonance
of, say, 40 cycles, and is mounted in the sealed
enclosure, the stiffness introduced by the small
enclosure raises the resonant point to around 79
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eycles. . When such an enclosure, preferably larg-
er than that in the above figures, is provided with
the above disclosed base opening and other fea-
tures shown in Figs. 2 and 4, and mounted upon
the table embodying the invention, in commu-
nication with the large cavity, as in Fig. 2, there
is much less stiffness introduced into. the dia-
phragm suspension system and the net result
is a lower resonance, say around 50 to 60 cycles.
In such a case, the operation of the small set,
with a special low-frequency response speaker,
operated upon a plane surface with sealed rear
enclosure, is better than normal as to low-fre-
quency response, but when mounted on the table
and. coupled with the cavity according to the in-
vention, the performance is exceptional. While
the main purpose of the invention is to improve
the operation of an ordinary small set, with an
ordinary speaker, the invention is not limited
thereto in that substantial improvement results
in applying the invention to a small set with a
speaker of special acoustic design.

What we claim is:

1. In a sound reproducing device, the combi-
nation with a loud speaker having an acoustic
diaphragm of the direct acting type of a hous-
ing for said diaphragm, said housing having an
acoustically closed compartment therein for en-
closing the rear surface of said diaphragm and
having an opening in one surface therecf for the
passage of sound waves originating from said
diaphragm rear surface, and a support for said
housing, said support including a walled enclo-
sure defining an acoustically closed cavity cf sub-
stantially larger cubical content than said com-
partment, one wall of said enclosure having an
opening therein in registry with said housing
opening.

2. The invention as set forth in claim 1 where-
in damping material is included in said acousti-
cally closed cavity for substantially reducing res-
onance peaks and dips in the frequency response
characteristic of the low-frequency end of the
range.

3. The invention as set forth in claim 1 where- ¢

in said housing includes a walled enclosure for
the front surface of said diaphragm, one wall of
said enclosure having a plurality of spaced small
holes therein to provide a low pass filter effect.

4. The inventiocn as set forth in claim 1 where- %
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in said speaker has a natural resonance, as meas-

ured in a large bafile, substantially. below the

useful audio-frequency range to be reproduced.

by said device,

5. The invention as set forth in claim 1 Where—:

in said housing opening is comparable in_ area
to that of said diaphragm.

6. The invention as set forth in claim 1 Where-
in said support includes means providing an sir
passage communicating with the intericr of said

housing independently of said walled enclosure

8
opening for prov1d1ng c1rculat10n of au‘ in sald
housing. - :

7. In combination, an a,coustlc apparatus com-
prising a table having ‘a top provided Wlth an
opéening, a relatively portable sound producmg
device comprising an acoustic diaphragm ‘of the
direct acting type, a housing for said device de-
fining around the region rearwardly of said dia-
phragm a compartment acoustically closed ex-
cept for a base opening, and means providing a
closed acoustic cavity of relatively larger cubical
content than said compartment, said means be-
ing carried by said table and coupled with said
compartment through said openings for conduct-
ing sound waves from the back of said diaphragm
through said openings to enhance the reproduc- '
tion of low frequency sound waves.

8. In a3 sound reproducing device, the combi-
nation with a loud speaker of the moving coil
type having a direct acting diaphragm and a-
highly compliant suspension system for said dia-
phragm whereby said diaphragm is controlled by
mass reaction substantially below the useful au-
dio frequency range to be reproduced by said
device, of a walled enclosure defining a relatively
small compartment enclosing the rear of said
diaphragm, said enclosure having an opening in
one wall thereof, and a support for said com-
partment having an enclosure deﬁnmg a cavity
of substantially larger cubical content than said
first-mentioned compartment, said cavity being
acoustically sealed except for an opening dis-
posed in a wall of said enclosure, said last-men-
tioned opening being in registry with said first-
mentioned opening whereby the effective enclo-
sure for the rear of said diaphragm is substan-
t1a,11y increased.

WENDELL L. CARLSON.
LOY E. BARTON.
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