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My invention relates to signal receiving sys-
tems, particularly to means for controlling the
intensity of the signal emitted by the loudspeaker
or other signal indicating device of a radio or
other-signal receiving system, and has for its
object the provision ‘'of an improved volume con-
trel arrangement for such systems.

- In the operation of radio receivers it is neces-

saty that means ke provided for the. control of
the intensity of sound waves emitted by the loud-

" speaker iri-order to permit the operator to obtain

a desired level of sound volume, and in order also
to-maintain the level 'of the sound volume at
the predetermined desired value over wide ranges
of variation in the intensity of signals: 1mpressed
on the receiving system, such as oceur “in ‘case
the -signals are-subjected to the ‘phenomenon

- known' as fading, .or as occur when tuning ‘the

[

receiving systeni from station to station and
thereby causing sounds of undesirably loud vol-
ume fo be produced due to 51gnals from nea,rby,
powerful stations.: :

Manual control means have been employed for
all-of the above purposes but by reason ‘of the

* inconvenience involved in the repeated Teadjust--
ment of the volume control necessary -to -com-
bensabe for fading, and by reason of the difficul-:

ties encountered in so coordinating manually the

adjustment of the tuning control: and volume .
* eontrel as to prevent undesirable sound volume

when tuning frem station to station, it is usual
practice- t0 provide automatic volume coentrol

means to maintain” substantially constant the

level -0f sound volume determined manually by
the eperator.

Various systems of volume control for the pur-
poses above deseribed Have been proposed in the
past. In.cerfain of these systems means have
been provided for varying the bias voltage im-
pressed on the control electrodes of amplifier
devices incorporated in the receiver system, or
to vary the anode voltage of the amplifier de-
vices, thereby varying correspondingly the in-
tensity of the signal impulses transmitted to the
loudspeaker. These and similar means: for vol-
ume control in radio receivers and the like have
not been: found altogether satisfactory, however,
when employed ‘as manual or other- volume con-
trol means for causing extreme changes in the
intensity of the sound emitted by the loudspeaker,
by reascn of ihe tendency to distortion of the
gignals transmitted: through the ele¢tronic’ am-
plifiers utlhzed as nart of the volume control
means. .

In accordance with. my “invention these- diffi-

(CL 250—20)

culties are overcome by the prowsion in a radio
or other signal receiving system of volume con-

trol means operating on the field flux of the re-"

producer unit or loudspeaker. - This volume con~
trel means preferably comprises a leakage path
or magnetic shunt forming ‘an auxiliary gap in
the loudspeaker magnet structure, and an auxil-
iary winding associated with the shunt to vary
the flux in this auxiliary gap, the winding being
connected to a unidirectional current circuit
formmg part of the signal receiving system.

In a ‘modification of my invention the volume

control means operating on the field flux of the.
reproducer unit comprises means including: &

main fleld winding of this unit for varying the
total field flux. In this modification the control
of sound volume is accomplished by connecting
the main field winding to a unidirectional current
cireuit-and by shunting or reversing s portion
of the fleld winding, or otherwise arranging the
winding to vary the field flux.

‘The volume control system in a,ccordanoe with-

my invention may be so arranged that the in-
tensity of the signal impulses impressed on the
loudspeaker is varied in accordance with current
changes in the unidirectional .current circuit, to
which the winding of the reproducer unit is'con-

nected, 10" compensate for the effects of fading

or to prevent the excessively loud sound response
above described. when tuning - from station to
station, the system thereby prov1ding automatic

volume ‘control without distortion over 'a° wide
range in-the intensity of the signals impressed

on ‘the receiving system. ‘The volume control
system'in accordance with my invention may be
arranged to provide also, in combination with an
automatic volume. control means, a semi-auto-
matic volume control in which the desired levels

of sound signals which are maintained constant :

by the automatic means are obtained manually
by the above mentioned means operating on the

field flux of the reproducer. Further, the volume
control system comprising the above mentioned
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means may be so arranged that the sensitivity of -

the loudspeaker is increased under certain oper-
ating conditions, as may be desirable when receiv-
ing signals from distant broadcasting stations;

My invention will be better understood from

the following description when considered in con-

nection with the accompanying drawings and its
scope will be pointed out in the appended claims.

Referring to .the drawings, Fig. 1 is a per-
spective view of a loudspeaker of the electromag-
netic type embedying my invention; Fig. 21s a
circuit diagram of a receiving system incorporat-
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ing the loudspeaker shown in Fig. 1 and including
an automatic volume control arrangement in ac-
cordance with my invention; Fig. 3 is a sectional
view of a loudspeaker of the electro-dynamic type
embodying my invention; Fig. 4 is a circuit dia-
gram of a receiving system incorporating the
loudspeaker shown in Fig. 2 and including an
automatic volume confrol and a sensitivity control
in accordance with my invention; Fig. 5 is a cir-
cuit diagram of a radio receiving system includ-
ing a semi~automatic volume control system hav-
ing a manually operated volume control means
in accordance with my invention combined with
an automatic volume control means; and Figs. 6
and 7 are modifications of the system shown in
Fig. 5. ’
In Fig. 1 is shown a loudspeaker comprising an
electromagnetic driver unit 10 including a: mag-
net core 11 having field coils 12, 13 mounted

thereon, and an armature 14 arranged to vibrate
in a main air gap 15 formed hy -a pair of pole-

pieces - 16 between which and surrounding the
armature 14 is mounted an actuating or voice coil
17. The armature 14 is connected to a diaphragm
18 by a drive rod 19. In accordance with my in-
vention, the electromagnetic driver 10 further in-
cludes a.second pair of pole pieces 20 forming an

auxiliary air gap 21, .and on these latier. pole:
pieces is mounted a differential or shunt coil 22.
adapted to vary the flux-in the auxiliary flux path.

formed by the pole pieces 20 and air gap 21. .- -

- The operation of a yolume control system com-
prising the driving unit 10 will be clear by refer-
ence fo the circuit diagram of Fig. 2.

In Fig. 2:signals of voice frequency are im--

pressed from any suitable source (not shown) on
the control electrode 23 of an amplifier-including
an-anode. 25, -
supplied preferably from an alternating. current

source (not _shown) and rectified, the resulting

unidirectional current passing through a -filter
26, certain filter reactors of which-are preferably

constituted by the field .coils 12, 13 of the loudf

speaker driver 10 shown. in Fig. 1. :
The:output circuit of amplifier 24 wh1ch repre-

sents the-audio frequency amplifier stage imme-.

diately preceding the loudspeaker; or:the last

audio frequency amplifier stage if more than one

stage are employed, is of the type characterized

by an output condenser and an output. choke or

output reactor. In the system illustrated in Fig.
2-the alternating component of the amplifier out-
put is, therefore, impressed on the voice coil 17,
represented diagrammaticelly-in-Fig. 2 and in-per-

- spective in:Fig. 1, through an output condense1

27 in the usual manner.

In accordance with my 1nvent10n however -the
output choke or reactor through which the direct
component of the amplifier anode current flows
is" constituted by the auxiliary winding 22 of
magnet core 1%, above described in connection
with Fig. 1. This winding;:-shown-in perspective
in Fig. 1;is illustrated diagrammatically in Fig. 2
as connected between the anode 25 and a voltage

. divider resistor 28 connected to the filter 26.

Assuming that the intensity of signals-im-
pressed on the control electrode circuit of ampli-
fier 24 varies undesirably by reason of fading or
by reason of tuning the receiver from station. to
station, the signal oscillations impressed on voice
coil 17 of driver 10 from: the output circuit of
amplifier 24 tend to vary in amplitude, with a cor-
responding variation in the intensity of sound
waves emitted by the loudspeaker. As the anode

current of amplifier 24 varies, however, changes

Current for the anode circuit is

1,902,021

occur in the flux in the magnetic shunt or leakage
path, constituted by the auxiliary pole pieces 20
and air gap 21, on which is mounted the auxiliary
winding 22 constituting the output reactor of the
amplifier. The winding 22 is so arranged that as
the current therein increases, due to increase in
the intensity of the signals impressed on ampli-
fier 24, the flux in the auxiliary air gap 21 in-
creases correspondingly, a portion of the flux in
the main air gap 15 being shunted therefrom
through the auxiliary air gap 21. The consequent
réduction in the flux density in main air gap 15
is accompanied by a reduction in the amplitude of
vibration of armature 14 mounted in the main
ajr- gap.. In the same manner a decrease in the

‘current in auxiliary winding 22 is accompanied by

a decrease in the flux shunted through auxiliary
gap 21 from nain air gap 15, the amplitude of
vibration of -the ar mature then increasing corre-
spondingly.
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By the provision, therefore, of the magnetic

shunt or leakage path and of the auxiliary wind-
ing associated therewmh and .connected in the
output circuit of amphﬁer 24, the volume of sound
waves emitted by the loudspeaker tends to remain
automatically at proper levels .during periods of
undesired variation in-the intensity of 51gnals
impressed on the receiving-system.

In the embodiment of the invention illustrated
in Figs. 3 and 4, a loudspeaker of the.electro-.
dynamic type is shown in Fig. 3 including a usual
magnet structurve 29 having a main air gap 30
formed thex ein between a core 31 and a pole piece
32 having a ce:ntral aperture. A; diarhragm 33
is arranged to be driven in the usual manner by
a voice coil 34 mounted to vibrate in the main air

gap.and a field coil 35 is-mounted on the core 31. -

In accordance with -my invention a magnetic

35

shunt or leakage path is formed in the magnet ;

structule by.means of an auxiliary pole piece 36

40

interposed between core 31 and pole piece 32 and .

arranged to form therebetween -an -auxiliary - air
gap 37.  Associated with:the magnetw shunt or
leakage path formed by the auxiliary pole ‘piece
36.and. air gap 37 is a winding 38 corresponding-
to -the aux111ary winding 22 -above described. in

conneetlon with the embodxment .of the inven--

tion shown in Figs. 1 and 2.

As shown in the c1rcu1t diagram of Flg 4, the
output circuit 39 of a voice frequency amplifier 40,
correspondmg to .amplifier 24 of Fig. 2, is con-

50

neeted through an ocutput transformer 41 to the -

voice- coil ‘34, and auxiliary winding 33 of the
speaker shown in Fig. 3 is connected in series
with the output circuit 39 through a reversing
switch 42.. Manual volume control means is.pro-
vided comprlsmg a variable resistor 43 connected
across the output circuit 39.

‘The operation of the form cf the mvention
shown in Figs, 3-and 4 is in general the same as
that of the form shown in Figs, 1 and 2, the aux~
iliary winding 38, through which flows the output
current of amplifier- 40, opelatmg to change the
distribution of the flux through the main air gap
30 and the aux1hary air gap 37, the system then
functioning, as ahove described in connection with
Figs. L and 2, as an automatic volume controel to
compensate for changes in the 1ntens1ty of im-

_pressed signals.

In case, however the syste”n shown in Flcs 3
and 4 is used for the reception of signals from

distant stations, necessitating the highest degree-

of sensitivity in the receiving system, the direc-
tion of the output current of amplifier 40 through
winding 38 may. be reversed by means of <w1tch

60
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42, whereby as' the relatively weak signals are
impressed on the receiver a:decrease instead of an
increaseé of the fAux in the auxilizry: gap 37 oc~
curs atid & -corresponding iticrease: in. the: inten~
sity of sound emitted by the loudspeaker, iy rea-
son of the increased flux in: main air gap 30-in
which is mounted voice eoil 34. Tt will' be evi-
dent that means such as switch 42 for increas~
ifig the sensitivity of the loudspeaker during res
ception of weak signals may be incorporated With-
out difficulty in:the veliume control system shown
in Figs. 1-and 2. : St
“The: Toudspeakers lustrated: in'Figs: 1 and 3
have been- deseribed as incorporating magnet
cores having' field coils mounted: thereon. Tt will

be understood, however, that the fleld structure
of the loudspeakers may be of the permanent
magnet type. ‘ o : '

In the embodiment of the invention illustrated
diagrammatically in- Pig. 5 the signal receiving
systemr inr which-a semi-automatic volume control
is incorporated is shown for purposes of illustra~
tion as a radio broadcast receiving apparatus of
the superheterodyne type with which is operatfve~
Iy combined a socket power unit for supplying
direct voltages to the electronic devices of the
réceiving apparatus from an- alternating ' cur-
rent source. The receiver portion of the system
includes an antenna 44 coupled to: g radio- fre~
quency amplifier 45, 2 1st detector, an oscillator,
two. intermediate Tadio: frequency  amplifiers 46
and 47, & 2nd detector, a’ power or output’ ampli-
fier, and a reproducer unit or loudspeaker 48

“which' is preferably of the electrodynamic type.

The power unit portion of the receiving system
includeés a transformer, only a part of which, 49,

* is shown in the fgure; connected to-an alternat-

ing current source, rectitying tubes 50, g fiiter 51,
voltage divider resistors 52 and 53, and filter re-
actors 54 and.55 one of which as 55 is preferably
constituted by & fleld toil of the loudspeaker 48
similar to the field coil 35 of the reproducer unit
shown in Fig. 3. - The above apparatus illustrated
in Fig. 5'is of well known' construction and need
not be described further. - T

In order to enable the operator of the receiv-
ing system illustrated in Fig. 5 to obtain desired
volume of sound from the reproducer unit-48; and,
at the same time, in order to maintain the level

50 .of volume of sound at any predetermined desired

value over a range-of variations in the-intensity
of the signals impressed on the antenna 44, the
semi-automatic volume control: system which' is
provided comprises a manually operated control
portion snd an automatic portion. AN :
- Of this semi-automatic volume control system
the automatic portion may be of any ‘well' known
form but comprises preferably an gutomatic vol~
ume control or pilot tube 56 having a cathode

57, an anode 58 and a control electrode-or grid -

59. This tube maintains the predetermined Tevel
of setind volume constant in a Asual manner by
controlling the intensity of the transmitted sig~

nal at some point or points of the receiver preced- .

ing the output or power ambplifier stage. -In this
form of automatic volume control the sighal volt-
ages impressed on the input circuit 80 of the 2nd
detector are also impressed: through. a:condenser
61 on the grid 59 of the pilot tube 56, thereby-in~
fluencing the current in the anode-cirtuit of this

tube. Since the bias potential impressed on the

control electrodes or grids 62:to. 64 of amplifiers
45 to 47 is constituted by the voltaze. drop across
a, resister 65.in:the anode elreuit of pilot tube 56.a
strong signal impressed.on the'grid 59-of the pilot

current. in- this tube and therefore: an increased
bids. voltage on the amplifier grids 62 to 64 die
to the increased voltage drop in anode resistor 65,
This increased bias:voltage on giids 62 to 64 tends
to decrease the signal transmitted to the 2nd
detector and therefore the sound output of the re-
producer unit,: In the- same manner, a weak
transmitted signal tends to be increased by the

action of the pilot tube. This tube, therefore, op-

erates-to maintain-the intensity of the signal im-
pressed-on-the reproducing unit 48; and the vol~

“ume of’ sound_ emitted_’therefrc)m, at a predeter'-_

mined: level.

Tn semi-automatic volume control systems em-

ployed heretofore incorporating a volume control
or pilof tube, as tube 56 shown in Fig. 5. the man-
ual adjustment of the receiver. for -a predeter-
mined level of sound volume has been accom-
plished by varying the bias voltage impressed on
the grid-of this- pilot tube, for example by con-
necting its-grid-through manually: operated switch
means' to- a continuously  variable resistor .con-
nected to the filter of the alternating current sup-
ply ‘means.  In"accordance with my-invention,
however, the pilot tube; associated as shove de-
scribed with the grids of the amplifiers 45 to 47
and with the input circuit 60 of the 2nd detector,
is relieved from the work of determining by man-

ual-operation the desired level of sound volume,.

In‘the embodiment of the invention illustrated
in Fig. 5'this part of the semi-automatic control
of sound volume is accomplished by means simi-
lar in general to the volume control system, in.
cluding’' means operating on the flux'in the-mag-
net system of the reproducer-unit, ahove described
in connection' with- the- embodiments -of the in--
vention illustrated in Figs. 1 o4, In the latter
volume control systems a winding, as coil 22 of
Figs: I and ‘2, and coil 38 of Figs. 3 and 4, is
described as connected to a unidirectional ciir-
rent circuit of the receiving system, the current
in which variesin accordance with the variations
in the intensity of ‘the signals impressed: on the
system, the winding operating on the field flux in
a ‘manner to maintain predetermined levels of
sound volume automatically. ‘

. The'volume control means-in the system illus-
trated in Fig. 5, however, including a winding, as

3

tube, ordinarily producing  loud sound from the:
reproducing unit'48; eauses an- increase in anode
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66, operating on the field Aux of the Teproducer -

unit 48 is provided for the purpose of permitting
manudl adjustment of the level of sound volume
and not for the purpose of maintaining this level
automatically. 'The winding 66 of reproducer
unit 48, associated preferably with a magnetic
shunt or leakdge path in the same manner as
described in connection with the auxiliary wind-
ing 38 shown in Fig. 3. is, therefore; arranged to
constitute a filtér reactor in the flter 51,-the

3!

690

current in that portion of the filter to which the .

winding -66-is connected' being substantially con~
stant,” or- varying only to a slisht degree with
variations inthe intensity of signals impressed
on the system of which the:filter forms a, part,

In order to vary manually the current flowing
In winding 66 the latter is connected to 2 con-

-tinuously variable resistor 67 connected in the

filter 51, adjustmient of the variable resistor, to
vary the amount of filter load current flowing
through coil 66, operating to vary the effective
flux-in the magnet of the reproducer 48 and con-
sequently the'level of the sound volime. When
this level has:been established by the described
meanual adjustment of ‘the filter load current
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flowing in coil 66, the level is then maintained
constant by the action hereinbefore explained
of the automatic portion of the semi-automatic
control system, this latter portion comprising
pilot tube 56. : ‘

It will be noted that the semi-automatic vol-
ume control system illustrated in Fig. 5 and above
described has-the marked-advantage over the.
usual semi-automatic system employing an auto-
matic volume control tube or. pilot tube whose
control electrode veltage is manually varied that
a much wider control range is covered without
distortion and without the necessity of employ-
ing highly specialized tubes for the control of
sound volume. To produce this beneficial result,
in the system shown in Fig. 5 the manual- con-
trol of the sound volume level, which after being
set:- manually at a desired value is maintained
constant by the pilot tube, is effected by means
operating not on the bias voltages of the ampli-
fier tubes but only on the field flux of the repro-
ducer unit, thus permitting all of these amplifier
tubes, controlled by the pilot tube, to operate on
that bias -voltage which produces maximum
quality of sound reproduction. . This higher
quality of reproduction is attained, by this means,
even. when the pilot tube operates over narrow
limits of volume. variation. : -

.In the above description of operation of the
volume-control systems illustrated in Figs. 1 to 5,
I have set forth that the control of the field flux
in the reproducer unit is accomplished by means
comprising a magnetic shunt and an auxiliary
field- winding cooperating therewith to vary the

- distribution of flux -between the main air gap

and an auxiliary air gap. -It will be readily: un-
derstood- however that instead of employing a
magnetic shunt; and an auxiliary winding to vary
the field flux the total field flux may be.controlled,
and the intensity of sound emitted by the repro-
ducer unit correspondingly varied, by connecting
2 main field coil or coils, as field coils 12 and .35
of Figs. 1 and 3 respectively, to a unidirectional
current circuit forming part of the signal receiv-
ing system as shown for example in Figs. 2 and
5, and by providing. suitable switch means, as
required for manual control of the sound volume
level, to connect the field coil in any .suitable
manner to the unidirectional current circuit, for
example to shunt or reverse a portion of the coil,

" thereby varying the total field flux in the main

55

60

65

75

air gap in which the vibrating . armature 14-of
Fig. 1 or the voice coil 30 of Fig. 3 is mounted.

Since in the semi-automatic volume control

system illustrated in Fig. 5 the- control or pilot
tube 56 is not operated as a means for manusal
adjustment of the level of sound volume but only
for automatic maintenance. of this level, the grid
circuit of this tube does not require the continu-
ously variable resistor means provided heretofore
for effecting the manual adjustment, - Therefore,
in the form of the invention illustrated in Fig. 5
the grid 59 of pilot tube 56 is connected to.the
voltage divider resistor 53 by means of -a tapped
switch 69, whereby preliminary adjustment. of
the automatic volume: control or pilot tube is ac-
complished by simple switch means, this form of
switch permitting the use of relatively high re-
sistance values between adjacent control points
of the.switch, not obtainable in a switch means
comprising a volume control resistor -which is
continuously variable. . R : .
In order to provide for the larger variations in
the sensitivity of the. reproducing: unit 48 the
field windings of the reproducer unit may be con-

1,992,021

nected to .the current source through tapped
switches, as switch 70 connected to-the field wind-
ing 66, or the field: windings may be arranged

for . series ‘parallel tapping for this- purpose. I ¢ N

will -be readily understood, further, that. for the
purpose .of increasing the- sensitivity of the re-
producer when receiving weak signals; means
may be provided for reversing the direction .of
current through the field winding 66 in the same
manner as described in connection with the wind-
ing 38 and switch 42 shown in Fig. 3.. RS

The modification of my invention illustrated
in Fig. 6 is in all respects the same as that illus-
trated in Fig. 5 except that, whereas in Fig. 5
the main field winding 55 and auxiliary winding
66 of reproducer unit. 48 are-connected in . the
same section 71 of filter 51, in Fig. 6 these wind-.
ings are connected each in a different section of
a filter. - In Fig. 6 main winding 55 is connected
in one section 72 of the filter 73, across a field
protective short-circuiting switch 74 as in Fig.
5, and auxiliary winding 66 is variably connected
to the resistor 67 in another section 75 of the
filter 73. _ o .

The modification of my invention illustrated
in Fig. 7. is similar in construction and operation
to the modifications illustrated in Figs. 5 and.6.
The modification shown in Fig. 7, however, differs

10
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from those of Figs. 5 and 6 in that at least one -

of the field windings 55, 66 of the.reproducer unit
48 is connected to the current source filter in
parallel with the load. Whereas in the modifica-
tions shown in Figs.-5 and 6 both windings are
in series with the load connected to the filter, in
Fig. 1. the auxiliary winding 66 only is connected
in series with the load in filter 76, the main

winding 55 being connected across the filter in .

paraliel with the load therein. . .
" What.I claim as new and desire to secure by
Letters Patent of the United States, ist—. .

1. The combination with a signal system. com-
prising & unidirectional current circuit and a
signal indicating device -including means. pro-
viding a magnetic circuit having an air gap, &
movable element mounted in said gap, and means
to actuate said element in accordance with signal
current in said system, of means to provide dis-
tortionless. control. over & ‘wide frequency. range
of the intensity of the signal produced by said

signal indicating device, said means: including-a

winding .connected to said unidirectional circult

and associated with said magnetic circuit to vary-

the flux in said gap, said last-named means
remaining fixed in position with relation to said
signal indicating device during variation of said
flux, - e s -

2. The . combination with a signal receiving
system comprising a signal indicating device in-
cluding a magnet having ‘a-main air gap and &
signal current coil .associated ‘therewith, and. a
unidirectional current circuit associated with said
system, of means to provide distortionless control
over a wide frequency range of the intensity of
the signal produced by said signal indicating de-
vice, said means including a winding: associated
with said magnet and connected to said unidirec-
tional- circuit to vary the flux in said gap, said

49

15

L2

means remaining fixed in position with relation to

said-magnet during var_iatiqn of the intensity of -

said signals. - : i . :

3. In ‘a signal receiving system;-an input cir-
cuit, a unidirectional current circuit, the current
in said unidirectional current circuit. varying in
accordance with the intensity of signals impressed
on said input circuit, a-sound producing device

70
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Including a magnet havitig an dfr gap and an
element adapted to Vibrate therein, and ‘means
to provide distortionless control over & wide fre=
quency range -of the Volume of sound emitted by
said sound producing device, said meéais includ=
ing a winding connected to said Uhidireetional
current circuit and associated with said imagnhet
to vary automatically in accordanicg with ‘the -
tensity of ‘said signals impressed on said ihpat
circuit the intensity of sound waves prodicsd by
said sound device, said meghs temaining fixed in
Position with relation to said magnet during vari-
ation of the intensity of said signals,” T

4. In a signal receiving system, an hput ¢irs

cuit, & unidirectional current ciredit, ‘the ‘currént.

in said unidirectional ciréuit vaiying i aceord-
ance with the intensity of signais impressed ‘on
said input circuit, a sound prédue ¢ device in-
cluding a magnet having an dir'gdp and & thrat;é
ing element mounted therein, means providing 3
leakage path for the flux im said iagnet, and
means to provide distortionless ‘control “over ‘g,
Wide frequency range of the volume of .sound
emitted by said sound producing device, - said
means including a winding connééted to-.said
unidirectional curient circuit and associated with
sald magnet to vary automatically the flux’ in
said leakage path in & predeterrmined manner in
accordance: with the curient in siid unidires:
tional current circuit, said means providing a
leakage path remaining fixed in "position with
rélation to said masiiet ‘during variation” of the
flux i said leakage path, whiereby the intersity
of sound waves emitted by said sound device is
variéd in acderdance with the  intensity of ‘said
impressed signals: & R I
5. In & signal receiving systemt; an-input civ-
cuit, a sotind producing device including & maghet
having an air gap' and & vibrating' elemerit
mounted theréin, and means to provide distor
tionless control over g wide freqiiericy . range of
the volume -of sound-emitted by said ‘sound

eftiitting device; said means includifig & winding

assoclated with: said niggnet and in which' fidws
CUrtent varying in sccordante with the intensity
of signals impressed on said inptit circuit-to vary
automatically the flux in'said maghet, § Wind-
Ing belng' s6' artanged that the tersity of the
sound waves emitted by said sound device varies
automatically inversely as’ the ntensity” of | said
impressed signals, whereby tlie intensity” of* gaid
ethitted sound wavés tends to remain” substan-
tially constant’ with varying intensity of said
impressed’ sigrials, said means’ including said
winding remaining fixed-in position’ with relation
to said magiiet during vatiation of the flux in
said maghet: o LT
. 6 I a signal receiving system, an amplifier

including an input cireuit and an tout ¢ '
& sound produeing device, operatively dssocidted
with said -amplifier and “ideluding’ a - maghet

having &n' air gap and a vibrating elemeris

mounted thierein, and means to provide distor-
tionless control’ over a wide frequeticy ra
the volume of" sound emitted by sat - s6und
emitting device, said, means including’ 5 windifig
¢onnetted to"said cutput circuit. to.vary’ the flux
in said magret, whereby the' intensity” of sound
waves emitted by sdid sound -device tends to vary
autotatically’ in" accordarice’ ‘with' the’ iﬁtéﬁSi'tSZ
of .sigrials’ impressed on said iput ciré it, said
nigdng including said winding remaining fixed in
position . with “relation to: ald” magnet durity
varidition of the flux’in sald miaghet, .
70 I & signal récéiving’ system; af' smiplifier

output circuit,

, 5
inieluding an nput éirciitt and an odtput circiiit,
& sounld producitig device adaptéd to bé operated
by said amplifier and iiicluding 4 imagnét having
an alr gap and a vibrating élemant mounted théré-

in, midans to 'ﬁré)'v‘id'eAdiéﬁoftitjnléésﬂConffblz‘diréi' ‘

& Wide frequency range of the
emitted by said sotind emitting
includire & winditig' conhected

volume of Sound
device, séid méans
to said output cir-

‘cuit 1o vary the flux in Said magnet -aiid switch

meéans in opérative relation with said winding to
catise said flux to changéin g Dbrédetermined m
ner, whereby the intensity of sound waves em.
by said sound devicé ténds to’ inciease in one
position of said switeh and to diminish in another
position thefeof in dccordarice ,
Of signdls impréssed oh said inpit circuit, said
méans including said winding remaining fixed
In position with relation to said magnet during
variation of the flux in said magnet. L
~ 8. The ‘combination with an eléctric systém
comprising @ unidirectiona] current ecircuit and
a sigrial indicatinig device Including means pro-
Viding a miagnetic ¢iréuit HAVing an air gap and
a miovable element Motntéd in said gap, of means
0" providé distortionisss " a wide fre
GUenCy range of the inténsity of the signal pro-
duced by said signal indicating dévice, said means
Providing a4 mégnetic leakage path in said mag-
Yietic citCuit, and means including a windin . con-
tected t6'said unidiréctional current circuit and
ated With s&id faghetic léakage path to
'y the UX iA said gap, said means providing
-leakdge Path rémaining fixed in position with
vauiation of the flux in said gap. . .
9. Thé combination” with .an_electric_system
Compiising 4 uhidiréctional current circuit and
. signdl indicating dévice including a magnet
, I'¢ having a main 41 gap and an element
adapted to vibiate in said gap, of means to. pro-
vide distortionless control over a wide frequency
range of the inténsity of the signal produced: hy
said signal indicating device, said means includ-

relation {0 said signal indicating device during .

with the inténsity 7

control over a wide fre--
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g dn auxiliary air gap in said magnet structure, |

and nigans inéluding a winding connected to said
unidiréctional current circuit and associated with
sald atxiliary air gap to vary the flux in said
main air gap, said auxiliary air gap remaining of

fixed length during variation of the flux in said

main air'gap, e S
le combination with an electric system

g a unidirecti

ce . including. a magnet

al current circuit  and -

45

§tructuré having s main air gap and an element ..

adapted to vibrats i said gap, of means to pro-
vide distortionless control over a-wide frequency
Ange of the Mitensity of the signal produced by
said signal indicating device, said means includ-
ing an auxiliary air gap in said-magnet structure;
afid méans incliding a winding connected-to said

unidirectional current circliit to- shift flux from
§d majn aij -8ap to said auxiliary air gap, said

4l gap remaining of fixed length dur-
on-of the-amount of flux. shifted from

> main air gap to the auxiliary air gap.

. 11. In a signal receiving system, an amplifier
includifig input and output_circuits, a_source of
unidirectional -current, a sound-. producing.: de-
vice ditanged to be’ operated by said amplifier
and ircluding & niagtiet structure having: an air
gdp and & vibrating element .mounted therein,

and niegns t6° pio e distortionless control over

a wide fréqiency fange of the sound emitted by

said ‘sound producing deVice, said means’ in-
-cluding a magnetic shunt in said magnet strue-
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ture and means including a winding associated

‘with said shunt to vary the flux therein said

source of unidirectional current being connected
to said output circuit through said winding, said
magnetic shunt remaining fixed in position with
relation to said magnet structure during varia-
tion of the flux in said shunt. ~ ~

12. In a signal receiving system, an amplifier
including an input circuit and an output circuit,
a source of unidirectional current, a sound pro-
ducing device including a magnet structure hav-
ing an air gap and a vibrating element mounted
therein, means including a capacitance to con-
nect said sound device to said output circuit, and
means to provide distortionless control over a
wide frequency range of the sound emitted by said
sound producing device, sald last-named means
including a magnetic shunt in said magnet struc-
ture and means including a winding associated
with said magnetic shunt to vary the fux therein,
said winding being connected between said cur-
rent ‘source and said output circuit and consti-
tuting the output choke of said amplifier, said
magnetic shunt remaining fixed in position with
relation to said magnet structure during varia-
tion of the flux in said shunt. =~ B :

13. The combination with. a signal system
adapted to receive signals of varying intensity and
comprising an -amplifier of frequencies above
audibility, a unidirectional current circuit, and
8 sound producing device including a field magnet
having poles forming an air gap and a vibratable
member mounted therein, of means to maintain
the intensity of sound waves emitted by said
sound device at predetermined levels, said means
comprising volume control means connected with
said amplifier and operating in accordance with
current therein to maintain automatically .the
intensity of signals impressed on said sound de-
vice substantially constant during periods of
variation in the intensity of ‘signals received by
said system, and means to control manually with-
out distortion over a wide frequency range the
intensity of said emitted sound waves including
a winding connected to said unidirectional cir-
cuit and arranged to vary the flux in said air gap,
said last-named means remaining fixed in posi-
tion with relation to said field magnet during
variation of the flux in said air gap.

14.-The combination with a signal system
adapted to receive signals of varying intensity
and comprising an amplifier of frequencies above
audibility having a control electrode, a detector
having an input circuit, a sound producing device
including a field magnet having poles forming
an air gap and a member adapted to vibrate
therein, and a unidirectional current circuit, of
means to maintain the intensity of sound waves
emitted by said sound device at predetermined
levels, said means comprising an electronic de-
vice arranged to vary the bias voltage of said
control electrode of said amplifier in accordance
with the voltage in said input circuit of: said de-
tector to maintain automatically the intensity of
of signals impressed on said sound- device sub-
stantially constant. during periods of" variation
in the intensity of signals received by said sys-
tem, and means to control manually without dis-
tortion over a wide frequency range the intensity
of said emitted sound waves including a winding
connected to said unidirectional circuit and ar-
ranged to vary the flux in said air gap, said last-
named means remaining fixed in position with
relation to said field magnet during variation of
the flux in said air gap. .

1,092,021

15. The combination with a signal receiving
system comprising an amplifier device having &
plurality of electrodes, a detector, a sound pro-
ducing device including a field magnet, means to

impress signals on said sound device from said -

detector, and means including a current source
and a filter for supplying current:to the output
circuits of said amplifier and detector, of means
to control the intensity of sound waves emitted
by said sound producing device, said last-named
means comprising volume control means con-
nected with one of said amplifier electrodes and
with the input circuit of said detector and op-
erating in accordance with current in said am-
plifier to maintain automatically at a predeter-
mined value the signal energy transmitted from
said amphfier to said detector, and means to vary
manually independently of said automatic. means
the intensity of said emitted sound waves with-
out distortion over a wide frequency range com-
prising & winding connected to said filter and con-
stituting a filter reactor therein, said winding be-
ing associated with said field magnet for varying
the flux therein, said manually variable means
remaining fixed in position with relation to said

10

field magnet during variation of the flux in said -

magnet. . ) -

'16. The combination with a signal receiving
system comprising a plurality of amplifiers each
having a control electrode and an output circuit,
s detector having input and output circuits, a
loudspeaker ‘including a field magnet, means to
impress signals on said loudspeaker from ' said
detector output circuit, and ‘means including a
current source and a filter for. supplying current
to said output circuits, of means to control semi-
automatically the intensity of sound waves emit-
ted by said loudspeaker, said last-named means
comprising an electronic device to vary automat-
ically the bias voltage of said control electrode in
accordance with the voltage in said detector in-
put-circuit, and means to vary manually without
distortion over a wide frequency range the in-
terisity of said emitted sound waves comprising
a magnetic shunt in said field magnet and a
winding associated with said shunt for varying
the flux in said field magnet and constituting a
filter reactor of. said filter, said manually varia-
ble means remaining fixed in position with rela-
tion to said field magnet during variation of the
flux in said magnet. . - :
_ 17. In a signal receiving system, a plurality of
amplifiers_each having a control electrode and
an output circuit, a detector having input and
olitput circuits, a loudspeaker including a field
magnet, means to impress signals on said loud-
speaker from said detector output circuit, means
including a current source and a filter for sup-

- plying current to said output circuits, and volume
control means for said system comprising means -

including an electronic device having a control
electrode to vary automatically the bias voltage
of ‘said control electrodes of said amplifiers in
accordance with the voltage in said detector in~
put circuit; means including a tapped resistor as-
sociated with said filter for supplying potentials
to said control electrode of said electronic de-
vice, and means to vary manually without distor-
tion over a wide frequency range the intensity of
sound waves emitted by said loudspeaker includ-
ing means providing a magnetic shunt in sald
magnet and a tapped winding associated with
said shunt and constituting a choke coil to vary
the flux in said shunt, said means providing a
magnetic shunt remaining fixed in position with
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relation to said field magnet during variation of _

the flux in said shunt.

18. In a signal receiving system, a plurality of
amplifiers each having a control electrode and
an output eircuit, a detector having input and
output circuits, a sound producing device includ-
ing a field magnet having poles forming an air
gap and a vibratable member mounted therein,
means including a current source and a filter for
supplying current to said output circuits, and
volume control means for said system comprising
means including an electronic device having a
control electrode to vary automatically the bias
voltage of said control electrodes of said ampli-
fiers in accordance with the voltage in said detec-
tor input circuit, means including a resistor as-
sociated with said filter for supplying potentials
to said control electrode of said electronic device,

7

which means including taps in said resistor
adapted to be connected to said electrode for
preliminary adjustment of said electronic device,
means- to control manually  without distortion
over a wide frequency range, the intensity of
sound waves emitted by said sound device in-
cluding a winding associated with said field mag-~
net and arranged to vary the flux in said air gap,
said last-named means remajining fixed in posi-
tion with relation to said ficld magnet during
variation of the flux in said air gap, and means
to supply current to said winding including a
continuously variable resistor connected to said
filter for fine adjustment of the current in said
winding and switch means comprising taps in
said winding for preliminary coarse adjustment
of said current in said winding. .
: DOW O. WHELAN.
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