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Patented Oct. 26, 1937 G 

UNITED STATES 

2,096,760 

PATENT office 
2,096,60 

TONE CONTROL systEM 
Ellison S. Purington, Gloucester, ass, assignor 
to John Hays Hammond, Jr., Gloucester, Mass. 
Application April 3, 1936, serial No. 72,520 

21 Claims. 

This invention relates to the reproduction of 
sound from a sound record and has for its pur 
pose to provide automatic means for controlling 
the tonal characteristics of the reproduced sound. 
More Specifically he invention provides an 

automatic means for discriminating against the 
reproduction of sound of a given frequency range, . 
unless there are suitable signals in that frequency 
range. 
The invention further provides for the mask 

ing of background noises, by suppressing the 
transmission of noise frequency signals unless 
the desired signals are of suitable nature to 
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mask the presence of the noises. 
The invention also provides for increasing 

the tonal contrasts of the reproduced sound. 
In accordance with the present invention, the 

tone control is effected by providing a trans 
mission channel having a variable filter network 
which includes the primary of a transformer, 
the secondary of which is variably loaded by a 
thermionic impedance. The thermionic loading 
is controlled by voltages obtained by rectifying 
Suitable energy derived from the tonal energy 
Output of the sound record. 
The control action depends upon the principle 

that the effective primary impedance of a trans 
former, which in this case determines the im 
pedance properties as far as the transmission 
network is concerned, is dependent upon and 
controllable by the impedance loading of the 
secondary circuit. The general effect of lower 
ing the value of a resistance impedance shunt 
ed across the secondary. winding of a transform 
er, is to increase the secondary loading and to 
reduce the equivalent primary impedance, espe 
cially for the higher frequencies. The relative 
transmission of currents of different frequencies 
through the network in which the primary of the 
transformer is connected is therefore modified by 
Secondary thermionic impedance control. 
A feature of the invention accordingly con 

sists in replacing an inductance element of a 
conventional filter, such as a low pass, band pass 
or high pass filter, by the primary of a trans 
former having a variable secondary thermionic 
loading, whereby the properties of the filter may 
be controlled, as to cut-off frequency, sharpness 
of cut-off etc., in accordance with the energy 
by which the thermionic impedance is modified. 
Another feature consists in connecting the 

secondary to a pair of thermionic impedances, 
each carrying direct current, with a balanced 
secondary winding arrangement such that the 
equivalent primary impedance is controlled solely 

(C. 179-100.) 
by the alternating current thermionic impedance 
values, and is not modified by the changes of 
direct current through those impedances. A 
Wide range of transmission values is this achieved: 
by One transformer, the balanced operation min 
imizing any distortions that may result from 
non-linearity of tube characteristics. Further 
more a rapid tonal control is obtained due to 
the fact that no change of the direct current 
flux of the core occurs during operation. 
The invention also consists in the various new 

and Original features of construction and con 
binations of parts hereinafter set forth and 
claimed. w 

Although the novel features which are be 
lieved to be characteristic of this invention will 
be particularly pointed out in the claims ap 
pended hereto, the invention itself, as to its ob 
jects and advantages, the mode of its operation 
and the manner of its organization may be bet- : 20 
ter understood by referring to the following de 
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Scription taken in connection. With the accom.- . 
panying drawings forming a part thereof, in 
which 

Fig. illustrates diagrammatically the system 
as applied to the reproduction of sound from the 
Sound record of a talking, moving. picture pro 
jector and phonograph. 

Fig. 2 is a series of curves illustrating the rela 
tive frequency transmission characteristics of 
certain portions of the circuit shown in Fig.1. 

Fig. 3 is a schematic diagram of a modified 
form of the filter circuit shown in Fig. 1. 

Fig. 4 is a series of curves illustrating the rela 
tion between the frequency and the transmission 
characteristics of the modified circuit shown in 
Fig. 3. 

Fig. 5 shows a circuit to illustrate the insertion 
loss which may be produced in accordance with 
this invention. 

Fig. 6 is a series of curves illustrating the in 
sertion losses of the circuit depicted in Fig. 5. 

Fig. 7 shows a circuit to illustrate the insertion 
loss winich may be produced with a different cir 
cuit arrangement. 

Fig. 8 is a series of curves illustrating the in 
sertion losses of the circuit depicted in Fig. 7. 

Like reference characters denote like parts in 
the Several figures of the drawings. 
In the following description and in the claims 

parts will be identified by specific names for con 
venience, but they are intended to be as generic 
in their application to similar parts as the art 
will permit. 

Referring to the accompanying drawings, and 
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2 
more particularly to Fig. 1, a phonograph pick-up 
O is shown which is connected to two contacts of 

a double-pole, double-throw, transfer switch fl, 
the other contacts of which are connected to the 
circuit of a photo-electric cell 3 including bat 
tery 5. Light from a lamp 6 is focused by 
means of a lens 7 through an aperture 8 in an 
aperture plate 9 upon the sound record of a mov 
ing photographic film 20. The light which passes 
through this film then impinges upon the photo 
electric cell 3. 
The blades of the transfer switch are con 

nected to the primary winding of input trans 
former 2, one side of the secondary of which is 
connected to ground and the other to the grid of 
a separate heater type triode amplifier tube 22. 
The cathode of this tube is connected to ground 
through bias resistor 30, in parallel with by-pass 
condenser 3i. The plate supply for tube 22 is 
taken from battery 28, the negative side of which 
is grounded, and the positive side of which is con 
nected through feed resistor 28a and coupling 
resistor 29 to the plate of tube 22. A by-pass 
condenser 28b is connected from the junctions of 
feed resistor 28a and coupling resistor 29 to 
ground. Battery 28 serves also as plate Supply 
to other tubes to be mentioned later. 
A blocking condenser 23, the primary of the 

tone control transformer 25 and one resistance 
winding 26 of a manual volume control rheostat 
are connected in series between the plate of the 
amplifier tube 22 and ground. The ends of the 
secondary windings of transformer 25 are con 
nected to the plates of two space discharge tubes 
32, the alternating current impedances of which 
control the tonal transmission in a manner to be 
described., Space current for the tubes 32 flows 
through feed resistor 36, one terminal of which is 
connected to the positive side of battery 28 and 
the other terminal to the center tap of secondary 
of transformer 25. The secondary winding is So 
arranged that the D. C. space currents to the two 
plates produce opposite magnetizing effects upon 
the core of the transformer. The cathodes of 
tubes 32 are joined together, and to the junction 
of bleeder resistors 33 and 34, which in turn are 
connected in series between center tap of the 
secondary of transformer 25 and ground. Re 
sistor 34 serves also as a cathode bias resistor, and 
the circuit is so designed that the value of the 
voltage across this resistor 34 does not increase 
more than 25 to 50 percent as the space current 
of tubes 32 changes from zero to maximum value. 
The grids of tubes 32 are connected together and 
between them and ground are two resistors 64 
and 63, the functions of which will be described 
later. The cathodes of tubes 32 are connected 
to one side of filtering and timing condenser 35, 
the other side of which is connected to the grids. 
The impedances of tubes 32 are controlled by the 
voltage across the condenser 35, which varies in 
accordance with the nature of the signal output 
of amplifier tube 22 in the manner to be de 
Scribed. . 
The winding of the transformer 25 which is 

connected to the plates of tubes 32 is referred to 
as a secondary winding because the tubes 32 serve 
as power consuming devices, and not as an am 
plifier of tonal frequencies. The balanced nature 
of the windings prevents variations of voltage 
across grid-cathode condenser 35 from producing 
similar variations, of current through the pri 
mary winding of the transformer. The imped 
ance loading upon the secondary of transformer 
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25 is virtually the sum of the internal impedances 
of tubes 32. 
The volume control resistance winding 26 is 

connected through mechanically connected slid 
able contacts to resistance winding 27, one end of 
which is connected to primary of coupling trans 
former 37, of which the other end is connected to 
ground. The secondary terminals of transform 
er 37 are connected in a balanced fashion to the 
grids of two driver amplifier triode tubes 38 of 10 
the separate heater type, and the center tap of 
the secondary of the transformer is connected to 
ground. The cathodes of tubes 38 are connected 
together and connected to one side of bias re 
sistor 45, the other side of which is connected to 5 
ground. In parallel with resistor 45 is a bias 
by-pass condenser 46. The plates of tubes 38 
are connected to the primary winding of coupling 
transformer 39, the center tap of which is con 
nected to the positive side of battery 28. The 20 
secondary winding of transformer. 39 is connected 
in a balanced fashion to the grids of two power 
amplifier triode tubes 40, and the Center tap of 
the secondary winding is connected to the nega 
tive side of bias battery 47, the positive side of 2 
which is connected to ground. The flaments of 
tubes 40 are connected in parallel, and are 
bridged by center tapped filament resistor 48, 
the center tap being connected to ground. The 
plates of tubes 40 are connected to the primary 30 
of output transformer 4 f. The center tap of the 
primary of the transformer 4 is connected to the 
positive side of power supply battery 44, the nega 
tive side of which is grounded. The secondary of 
transformer 4 is connected to the voice coil 35 
winding of loud speaker 42. The field winding 
43 of loudspeaker 42 is connected across bat 
tery 44. 
For producing variation in the control voltage 

across condenser 35, some of the energy amplified 4 
by tube 22 and fed through condenser 23 is di 
verted to the grid of amplifier tube 5 of the 
separate heater type. For this purpose, a filter 
coupling network 49 is connected between the 
junction of condenser 23 and primary of trans- 45 
former 25, the grid of tube 5, and ground, this 
filter being of the high pass type and terminat 
ing in resistor 50 connected between grid of tube 
5 and ground. This resistor 50 serves to ter 
minate the filter, and to make the operating or 5 
average grid potential substantially that of 
ground. The cathode of the amplifier tube is 
connected to one end of bias resistor 52 the other 
end of which is connected to ground. In parallel 
with resistor 52 is by-pass condenser 53. Plate is 
current for tube 5 is supplied from the positive 
side of battery 28, and flows to the plate through 
feed resistor 58, and coupling resistor 55. The 
connection between resistors 55 and 58 is con 
nected to one terminal of by-pass condenser 5, (30 
the other terminal of which is connected to 
ground. The plate of amplifier tube 5 is con 
nected to one terminal of the blocking and fil 
tering condenser 55a, the other r terminal of 
which is connected to one terminal of poten- (5 
tioneter 56, the other terminal of which is con 
nected to ground. The variable contact of the 
potentiometer 56 is connected to the grid of 
triode amplifier tube 54 of the separate heater 

The cathode of tube 54 is connected to 70 type. 
One end of bias resistor 59, the other end of which 
is connected to ground. By-pass condenser 60 
is connected in parallel with the resistor 59. 
The plate of tube 54 is connected to one ter 
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6, the other terminal of which is connected to 
an end offeed resistor 65, the other end of which 
is connected to the positive side of battery 28. 
The junction of resistor 65 and primary of trans 
former 6 is connected to one terminal of by-pass 
condenser 65a, the other terminal of which is 
connected to ground. One terminal of the sec 
ondary of transformer 6 is connected to the 
cathode of the triode type rectifer tube 62 of the 
separate heater type. The other terminal of the 
secondary is connected to one end of rectifier 
load resistor 63 and also to one end of resistor. 
64 which serves as a coupling, timing and limit 
ing resistor. The other end of resistor 63 is con 
nected to ground, and the other end of resistor 
64 is connected to the grids of tubes 32. The 
plate and grid of tube 62 are joined together and 
to ground. The conduction through the tube 62 
is such that current passing through resistor 63 
is unidirectional as indicated by the arrow. 
The flaments of all tubes are heated by means 

not shown in detail. Preferably they are heated 
from transformer secondary Windings, center 
taps of which are connected to ground or to the 
cathodes of the tubes whose flaments they heat. 

In the Operation of the form of the invention 
shown in Fig. 1, the energy received by the 
transformer 2 from either the phonograph pick 
up to or the photo-electric cell 3 passes to the 
amplifier 22, where it is amplified and fed 
through the blocking condenser 23 and primary 
of the tone control transformer 25 to the volume 
control adjustable rheostat Windings 26 and 2. 
From the winding 27 the energy passes through 
the transformer 37 to the input of the driver 
amplifier tubes 38. Here it is further amplified 
and then passes through the transformer 39 to 
the input of power amplifier tubes 40. The out 
put of the power amplifier tubes 40 then passes 
through the transformer 4 to the loud speaker 
42, where it is reproduced as speech or music in 
the usual manner. 

For controlling the operation of the automatic 
variable filter, some of the energy from the out 
put circuit of the amplifier 22 passes through 
the high pass filter network 49 to the amplifier 
5. Here the energy is amplified and fed 
through the potentiometer 56 to the second am 
plifier 54. Here the high frequency energy is 
further amplified and is fed through the trans 
former 6 to the rectifier 62, where it is rectified 
to produce a current flowing unidirectionally 
through resistor 63 in the direction of the arrow. 

55 
The pulsations of rectified current are smoothed 
by resistor 64 and condenser 35 to produce a con 
trol potential on the grids of tubes 32. The 
amount of potential change produced is depend 
ent upon the strength and frequency distribution 
of electrical energy in the output of amplifier 
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tube 22, and the grids become more positive as 
the energy is increased without change of dis 
tribution, or as the energy distribution is shifted 
toward the high frequencies without change of 
energy. In the absence of signals, the tubes 32 
are biased sufficiently by resistor 34 to reduce the 
space currents substantially to Zero So that the 

70 
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secondary of transformer 25 is not loaded, and 
the effect of the presence of the transformer 
primary is principally the choking effect due to 
the actual inductance of the primary Winding. 
This discriminates against the passage of higher 
frequency signals, including surface noise, for 
example in the range of 1000 to 4000 cycles. 
The discrimination against the higher tones 

is shown by curve 70 in Fig. 2 which shows the 

3 
lowered transmission of the higher frequencies 
from tube 22 to the volume control resistance 26 
caused by the filter including the primary of 
transformer 25, when the rectifier current 
through resistor 63 is small and the control tube 
impedances are high. This corresponds to the 
transmission when the needle is in the record 
groove in the absence of any appreciable record 
ed signal capable of causing rectification by the 
tube 62. 
When there are recorded signals of sufficient 

Strength or of sufficiently high tone to mask the 
presence of the background noise discriminated 
against by the choking action, the rectifier cir 
cuit is operated to reduce the bias on tubes. 32. 
This decrease is in accordance with the char 
acteristics of the control channel as for example 

0 

5 

shown by curve if, which shows the relative trans 
mission of signals of different frequencies from 
plate of tube 22 to the rectifier 62, as determined 
by the choice of constants for filter 49, as well 
as other elements of the amplifier circuits of 
tubes 5 and 56. A given amount of control may 

20 

be produced by a small amount of high fre 
Cuency energy Or a larger amount of lower fre- 2 
quency energy. When the rectified energy is 
large so that the impedances of the control 
tubes 32 are low, and the equivalent primary 
inductance very small, the transmission of the 
main channel is according to curve 72, with 
greatly improved transmission for the higher 
frequencies over that shown by curve O. While 
the condition illustrated in curve 72 permits the 
passage of background noises, this occurs only 
when desirable signals sufficiently strong in the 
background noise range, or much stronger in the 
lower tonal ranges, exist; hence the presence of 
the background noises will be completely masked, 
The constants of the rectifiercircuit are so chosen, 
as by making capacity of condenser 35 small, 
that control action is rapid and changes of trans 
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mission characteristics occur immediately upon 
change of the nature of the signals. 
This Speed of action is not hindered by any 

delay of the plate circuit operation, since the 
change of plate current does not change the 
magnetic energy content of the iron core, and 
therefore no inductive voltages are produced 
across either half of the secondary windings of 
transformer 25. 
In conventional amplifiers, fixed scratch or 

noise filters are used, with condensers and in 
50 

ductors which are adjusted for optimum trans 
mission under conditions of weak or no signals, 
corresponding for example to curve 70 of Fig. 2. 
By this invention, with a rapidly acting auto 
matic tone control system, the freqeuncy range of 
any type of record may be effectively increased, 
Since the filtering action applied against tones 
in the higher frequency range is automatically 
reduced so that the filtering action is never 
greater than necessary for a given signal energy 
distribution. The circuit therefore, for a given 
type record, operates to reproduce on the average 
much higher frequency tones than would be 
permissible if background or surface noises were 
suppressed by conventional type scratch filters. 
In the modified form of the invention shown 

in Fig. 3 the phonograph and photo-electric pick 
up mechanisms, the Switch and the trans 
former 2 are identical with those shown in 
Fig. 1 and have therefore been omitted from 
this figure. Also the power amplifier and loud 
speaker circuits to which the secondary of trans 
former 39 of Fig. 3 are connected are identical 

5 5 

60 

65 



5 

20 

35 

g 

5) 

55 

60 

65 

70 

75 

4. 
with those of Fig. 1 and also have been omitted. 
in Fig. 3 the secondary terminals of the input 
transformer 2 are connected to the grids of 
two space discharge tubes 8 and 82 of a push 
pull amplifier 30. These tubes are of the sepa 
rate heater type. The cathodes are connected 
together and to one terminal of bias-resistor 
80a and of bias resistor by-pass condenser 80b, 
the other terminals of which are grounded. 

Plate supply for the plates of tubes 8 and 82 
is taken from battery 18, the negative side of 
which is grounded. This battery serves as Sup 
ply also for other tubes of Fig. 3. Filaments of 
tubes 8 and 33 are heated by a Source not ShoWn, 
preferably a secondary winding of a transformer, 
the center tap of which is grounded or connected 
to the cathodes of the tubes which are heated 
thereby. It will be understood that the filament 
and plate supply may be from any suitable source. 

Bridged across from plate of tube is to plate 
of tube a2 is a variable low frequency absorption 
circuit, and plate feed circuit 83 comprising two 
resistors 89, two chokes 3 and the grinary of a 
tone control transforther 92, across Wiich is 
sihunted a tuning condeya Seir 33. She center tap 
of the primary of transformer 93 is connected 
to the positive ternina of battery 8. 

Also bridged from plate of tube to plate of 
tube 32 is a variable higi frequency power ab 
Soption circuit, and interiuce couping circuit 
comprising in series one primary of copiirag 
transformer 83, the primary of the tone con 
trol transformer 9 and the other primary of 
coupling transformer 33. 
The secondary termiraais of tone control trans 

forgies 92 and 3 are coinected in a taianced 
fashion to the plates of two sets of teine control 
space discharge iode tubes 95 and 3 of the 
separate heater type. Center taps of the Sec 
oradaries of these transformez's are connected to 
one terminai of a feedi resistor , tha other era 
nina of whici is connected to the positive ter 
minal of the battery 3. Between the center 
tap of the secondary of transformer 33 and ground 
are connected in Series She bleeder resis or 2. 
and the tapped cathofie bias and liaiter resistor 
: E. Similarly connected between the center tap 
of the secondary of transformer 3 and ground 
are bleeder resistor 25 and cathode bias re 
sistor 26. The cathodes of the tubes 95 are 
joined together and to the junction of resistors 
2 and 3, and the cathodes of the tubes 98 
are joined together and to the junction of re 
sistors 25 and 25. The grids of tubes S5 and 
98 are connected together, and between then 
and ground are connected in Series, the resistors 

8, 5, and 89, the functions of which will be 
described later. Filtering, timing and by-pass 
ing condensers 95d, 98a, 95b, and 98 b are con 
nected between the grids and cathodes of tubes 
95 and 98, respectively, and between the cathodes 
of tubes 95 and 98 respectively and ground. 
The Secondary terminals of the coupling trans 

former 83 are connected to two terminals of man 
ual volume control potentiometers 85 and 86, the 
other ends of which are connected together, to 
ground and to the center tap of the secondary 
of transformer 83. The adjustable contacts of 
potentiometers 85 and 86 are connected to the 
grids of a pair of tubes 8a and 87b of a push-pull 
driver amplifier 87. These tubes are of the sepa 
rate heater type. The cathodes are connected 
together, and between them and ground are con 
nected in parallel a cathode bias resistor 87c and 
a cathode bias resistor by-pass condenser 87d. 
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The plates of tubes 8a and 87 b are connected to 
the primary terminals of transformer 39, the cen 
ter tap of which is connected to the positive end 
of battery 8. 
As shown in Fig.1, and explained above, the 

secondary windings 39 are connected to the grids 
of a power amplifier 40 which in turn operates a 
loud speaker 42. 

For controlling the potentials of the grids of 
tubes 95 and 98 there is provided between plate 
of tube 82 and grid of a triode amplifier tube 08 
of the separate heater type, and ground, a 
high pass fitter of of the condenser-resistor type 
with condenser elements in Series and resistor 
elements in parallel. Connected between grid of 
tube G3 and ground is a filter-terminating and 
bias-determining resistor O2. Between the cath 
ode of tube iO3 and ground are in parallel a 
cethode bias resistor 03a and by-pass condenser 

38. 
Between the positive terminai of battery 8 

and plate of the tube 3 are connected in Series 
a feed resistor S2 and a coupling resistor i 6. 
Setween the action of the resistors 2 &nd 
834 and ground is connected a by-pass condenser 

3. Setween the plate c tube 83 and ground 
is 3022.80&ed as Output circuit conjoirising block 
ing condensei Gia and potentioiraeter 5 in se 
ries, the variable contact of potentioxaeter 5 
being coaElected to tie grid of the triodie ampli 
£ier-tube 6. Between the cathode of the tube 
S38 and ground are connected in parsiie a bias 
resistor 8 (Ea and by-pass condenser 5. 3e 
tween the positive end of the battery lie and the 
piate of tuge 3 are coinnected its series a feed 
resistor 22 and a coupling resistor 98, he junc 
tion of which is connected to one terminal of by 
pass codense 2, the other terminal of which 
is grounded. 

Between the ground and plate of tube is 
3Onected an arplifier output circuit including 
8, first plate-cathode orarch of a doubie unicil 
Sectionaliy coinductive tube 3, in parallel with a 
Rectifieg circuit, "esistor 99. A blocking con 
densei is coinected from the junction of re 
Sistor (38 &nd the first cathode of the 3, 
ki'oia this juriction to the second piate of tube 
& 3 is a Smoothing and initing resistor 5, and 
froxin the second plate of tube 3 to the grids of 
tubes 95 a.3)d 38 is a Smoothing and limiting re 
sistor : G. She cathode of the second piate-cath 
ode branch of tute f3 is connected to the tap 
On resistc . 

It will be understood that while condensers 
896, f2, C3b, 5 and have been described 
as by-pass and biocking condensers, the values of 
capacitance may be chosen less than if the am 
pifier circuits of tubes 03 and O7 were desired 
to amplify uniformly at all frequencies. Lower 
ing the capacitance of any of these condensers 
decreases the ability of the amplifier circuits to 
amplify low frequency tones. Accordingly the 
entire filtering action from plate of tube 82 to the 
first Cathode-plate branch of tube 3 is not con 
centrated in filter foil, but involves further dis 
Criminatory action of the amplifier circuits in 
favor of the higher tones. 

In the operation of the modified form of the 
invention shown in Fig. 3, the energy from the 
pick-up device passes through the transformer 2 
to the push-pull amplifier 80, where it is amplified 
and then passes through the transformer 83 to 
the second push-pull amplifier 87. Here it is fur 
ther amplified and passes through the transform 
er 39 to the power amplifier 40 shown in Fig. 1, 

0 

5 

20 

25 

30 

49 

50 

55 

60 

65 

70 

75 



O 

5 

20 

30 

40 

60 

70 

75 

2,096,760 
thence through the transformer 4 to the loud 
speaker 42 where it is reproduced as speech or 
music in the usual manner, The transmission 
from tubes 8 and 82 to tubes 8a, and 8b is de 
pendent upon the internal impedances of the tone 
Control tubes 95 and 98, which in turn are de 
pendent upon the potential of the grids of these 
tubes with respect to cathodes. In general low 
ered impedances of tubes 98 decrease the choking 
action of the primary winding of transformer 88 
in a manner similar to that of similar elements 
of Fig. 1. This results in increased transmission 
of higher frequencies. On the other hand, the 
circuit 88 shunted from plate of tube 8 to plate 
of tube 82 is designed so that chokes 90 prevent 
the absorption of higher frequency energy, and 
this circuit modifies the transmission chiefly for 
low frequencies. The lowering of the internal 
impedances of tubes 95 results in a lowered pri-. 
mary impedance of transformer 92, and more loss 
of transmission for the low frequencies. 

For producing control voltage, some of the en 
ergy from the output of tube 82 is fed through 
filter 0 to the grid of amplifier tube O3. The 
filter elements of 0 are of high impedance and 
the amount of energy diverted to amplifier 03 
is relatively small. The filtered energy. is se 
lectively amplified by tube 03 and associated cir 
cuits, and impressed upon the grid of tube 0. 
It is again selectively amplified and impressed 
upon the first plate-cathode branch of the tube 

3. This tube rectifies due to its undirectional 
characteristics, since it passes current only when 
the cathode is negative with respect to the 
grounded plate. The rectifer resistor 09 carries 
A. C. tonal current and also rectified D. C. cur 
rent, the direction of which is indicated by the . 
arrow. As a result the D. C. potential of the first 
Cathode becomes positive with respect to ground 
although the potential goes negative instantane 
ously when the rectifier is operating. The pulsa 
tions of potential of this cathode are smoothed 
out by resistors 5 and 6 in series, and con 
densers 95a, 95b, 98a, and 98b, so that a potential 
between grids and cathodes of the tubes 95 and 
98 exists substantially devoid of the high tonal 
frequencies present in resistor 09. This potential 
changes with change of the amount of energy in 
pressed upon the rectifier circuit. The second 
plate-cathode branch serves as a spillway for 
rectified energy whenever the potential of the 
plate exceeds the potential of the cathode which 
is the same as that of the tap on resistor f. 
This makes the potential of the grids of tubes 95 
and 98 change more on a proportionate basis 
when the tonal signal energy is low than when it 
is high. It is understood, however, that even if 
the limiting action of the second plate-cathode 
branch is not used, limiting actions will Occur 
when the grids of tubes 95 and 96 become poS 
itive with respect to the cathodes, due to the re 
sultant voltage drop through resistors 5 and 

As a result, increased energy impressed through 
amplifier tubes 03 and 07 upon the rectifier in 
creases the potential of grids of tubes 95 and 98, 
decreases the ability of the coupling network 
from tubes 8 f and 82 to tubes 8a and 87b to 
transmit low frequency tones and increases the 
ability of this coupling netWork to transmit 
higher frequency tones. This emphasizes the 
tonal contrast by providing a circuit which em 
phasizes low tones when high tones are absent, 
and . emphasizes high tones and discriminates 
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against low tones when high tones are especially 
present. 
The transmission characteristics may be better 

understood with reference to Fig. 4, in which 
transmission of various parts of the system is 
shown as dependent upon the frequency of the 
energy being transmitted. Curve 20 illustrates . 
the transmission of energy through the control 
channel, showing the relative ability of energies 
of different frequencies at the secondary of trans 
former 28 to produce control potential on the 
grids of tubes 95 and 98. Curve f2 shows the 
relative transmission of energies of different fre 
quencies from the transformer 2 to transformer 
39 under the condition of the control circuit pass 
ing negligible energy, and curve 22 shows the 
Same under the condition of passage of maximum 
potential change due to transmission of a suf 
ficiently large amount of energy through the con 
trol circuit. 

It Will be understood that musical Selections 
utilize volume contrasts and tonal contrasts. In 
addition to the use of the circuits of Fig. 1 and 
Fig. 3 to minimize surface noise effects, they may 
be used to emphasize the tonal contrasts. Thus 
at a given acoustical volume level, when the 
emphasis is intended to be upon the low tones, 
the circuits automatically increase the emphasis 
On the low tone, and when the emphasis is in 
tended to be upon the high tones, the circuits 
automatically increase the emphasis on the high 
tones. 

It will be understood, however, that the use of 
a transformer with an automatically variable. 
loading is not limited to the arrangements specif 
ically shown. For example, in Fig. 5 to Fig. 8 
are shown typical insertion loss effects which can 
be achieved by use of certain transformer ar 
rangements in combination with condensers and 
resistors. The curves of Fig. 6 show the insertion 
loss produced by the circuit of Fig. 5, when trans 
former 30 and primary condenser 3, with dif 
ferent Secondary loadings due to resistor 37 and 
thermionic impedance in parallel, are cut in 
between resistors 32 and 33. The insertion loss 
is measured by the decibel decrease of energy 
to resistor 33 when switch 35 is transferred 
from the up position to the down position. Sime 
ilarly the curves of Fig. 8 show the insertion 
loss producible by the arrangement of Fig. 7, for 
which the network consists of a transformer 42. 
"with variable Secondary loading, and with a Con 
denser 40 and resistor & shunting the primary, 
the transfer Switch connecting the transformer 
primary in parallel with the receiving resistor. 
While in the circuit of Fig. 5 the variable im 

pedance element especially controls the passage 
of high frequency tones, in the circuit of Fig. 6 
it especially controls in an inverse sense the pas 
Sage of low frequency tones. 
This control may be in accordance with any 

desired tonal stimulus, with increased signal CauS 
ing either increased or decreased loading. It 
will be understood that the invention is not lin 
ited to the arrangement of Fig. 1 or Fig. 3. 
For example it is within the Scope of the inven 
tion to use the control arrangements of Fig. 7 
and Fig. 8, in an automatic tonal compression 
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device, for use in producing records. For this 
purpose the low secondary impedance Re=10,000 
ohms would correspond to strong signals, and the 
amount of volume compression would be espe 
cially great for the lowest tones, increased effects 
may be produced by using a plurality of tone con 
trol elements preferably in different stages of the 
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phonograph or talking picture recorder or re 
producing amplifier. 
While certain specific embodiments of the in- . 

vention have been set forth for purposes of ill 
lustration, it is to be understood that various 
changes and modifications may be made therein 
as will appear to a person skilled in the art. The 
Scope of the invention is only to be limited in 
accordance with the following claims when in 
terpreted in view of the prior art. 
What is claimed is: 
1. In a System for recording or reproducing 

Sound, a transmission channel having a filter 
network therein including a choke coil, said 
choke coil constituting a primary of a trans 
former, means applying a balanced load to the 
Secondary of Said transforminer whereby variations 
in Said load are prevented from reacting on the 
flux in the core of said transformer and means 
responsive to the signal energy for automatically 
"Warying said load so as to change the charac 
teristics of Said liter in accordance with the 
characteristics of said signai energy. 

2. in a systein for recordiirag or reproducing 
Sound, a transmission channel having & filter 
network thereii, inciding a choke coil, said 
choke coil constituting s, girary of a trans 
foyer, a 28ir of variaicle ingedance devices COX 
aected across the Secondary of Said taxisfortici 
sc as to provide & halanced io3 tiereon, wheree 
toy lie Yariations in load are greverted iron re 
3.ciirag on the fluix in the transfoirier core and 
222 is sessionsive to the signal energy for auto 
natically varying the irripaliance of Said devices 
So as to change the ioad or said transformer is 
20coida,3e With tie characteristics of the signia 
eize:gy. w 

3. a system for recording or reproducing 
Sound, a transmission channel ikaving a filter 
network therein, a transiolinariaving a primary 
asnd a balanced seconday, said primary iceirag dis 
posed is said filter network, nears applying 8, 
variable load to Said secondary, Said load being 
adapted to vary the effective primary impedance 
without substantially citanging the flux density 
of the core, the primary in pedal ice when the Sec 
ondary is unioaded serving to prevent paSSage 
of the high frequency components of the signal 
and, when the secondary is loaded, Serving to 
progressively pass more of said high frequency 
components, and means responsive to the cer 
tain frequency components of the signal for cor 
trolling said load. 

4. In a system for recording or reproducing 
Sound, a transmission channel having a filter net 
work therein, a transformer having a primary 
and a balanced secondary, said primary being 
connected in said filter network so as to control 
the transmission characteristics thereof in ac 
cordance with the primary impedance, a pair of 
space discharge devices connected to the bal 
anced secondary and adapted to variably load 
the same for altering the effective primary in 
pedance of said transformer, a control channel 
responsive to certain components of the signal, 
means in said control channel to produce a con 
trol voltage proportional to the strength of said 
components and means applying said control 
voltage to said space discharge device So as to 
vary the impedance thereof in accordance with 
the strength of said components. 

5. In a system for recording or reproducing 
sound, a transmission channel having a filternet 
work therein, a choke coil in said network, means 
to vary the impedance of said choke coil Without 

2,096,7eO. 
changing the flux density thereof, and means 
responsive to the signal energy for controlling 
said last means so as to vary the transmission 
characteristics of the filter in accordance with 
applied signal. 

6. In a system for recording or reproducing 
sound, a transmission channel having a filter 
network therein, an inductive impedance in said 
network, means varying the value of said im 
pedance in accordance with the applied signal 
and means to prevent such changes in impedance 
from causing a change in the direct current flux 
of said impedance whereby the timing is not 
influenced by the reluctance of the flux path. 

7. In a system for recording or reproducing 
sound from a sound record, a transmission chan 
nel having a filter network therein including an 
inductive impedance device, and means applying 
a variable balanced oad to said device which 
varies according to the signal energy, said load 
changing the effective impedance thereof and 
thereby altering the transmission characteristics 
of Said iter. 

8. In a system for recording or reproducing 
sound, a transmission channel having a filternet 
York therein, a rainsfornier having a primary 
and a balanced secondary, means applying a var 
iable load to said secondary, near is responsive 
to the signal energy for automatically varying 
said load in proportion to the chaiage in signal 
energy, said primary being so disposed in said 
fiites etyork that the impedance thereof, when 
the secondary is unloaded, prevents passage of 
inigin frequency corponents and ar, increase iii 
the secondary load serves to lower the primary 
irripedance so as to permit passage of the high 
frequency congonets. 

9. In a syster for recording or reproducing 
sound, a transmission channel having a filter 
network therein, a transformer having a pri 
mary ared a balanced secondary, said primary 
being disposed in said filter network, nearts ap 
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plying a variable load to said secondary, said 
load being adapted to vary the effective primary 
impedance without, substantially changing the 
fux. density of the core, the primary impedance, 
when the secondary is unloaded, serving to pre 
vent passage of the high frequency components 
of the signal and, when the secondary is loaded, 
serving to progressively pass more of said high 

... frequency components, and means responsive to 
the high frequency components of said signal for 
varying said load in proportion to the strength 
and frequency distribution of said components, 
whereby said components are passed by said filter 
network only when they are of a predetermined 
mininuin strength. 

10. In a system for recording or reproducing 
sound, a transmission channel having a filter. 
network therein, a transformer having a primary 
and a balanced secondary, said primary being 
connected in said filter network so as to control 
the transmission characteristics thereof in ac 
cordance with the primary impedance, a pair of 
space discharge devices connected to the bal 
anced secondary and adapted to variably load 
the same for altering the effective primary in 
pedance of said transformer, a control channel 
responsive to the high frequency components of 
the signal, means in said control channel to pro 
duce a control voltage proportional to the 
strength of said space discharge devices so as to 
vary the impedance thereof in accordance with 
the strength of said components. 

11. In a system for recording or reproducing 
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sound, a transmission channel having a filter 
network therein, a transformer having a primary 
and a balanced secondary, said primary being 
connected in said filter network so as to Control 
the transmission characteristics thereof in ac 
cordance with the primary impedance, a pair of 
space discharge devices connected to the bal 
anced secondary and adapted to variably load 
the same for altering the effective primary im 
pedance of said transformer, a control channel 
responsive to the high frequency components of 
the signal, means in said control channel to pro 
duce a control voltage proportional to the 
strength of said components and means apply 
ing said control voltage to said space discharge 
devices so as to change the impedance thereof 
inversely as the strength of said components 
whereby a balanced load is applied to said sec 
ondary which varies directly as the strength of 
Said components. 

12. In a System for recording or reproducing 
Sound, a transmission channel having a filter 
network therein, a transformer having a primary . 
connected in said filter network and having a 
balanced Secondary, means variably loading said 
secondary in accordance with the characteristics 
of the impressed signal for altering the effective 
primary impedance, the primary impedance, 
when the secondary is unloaded, being such as 
to discriminate against the higher frequency 
components of the signal, the discrimination be 
ing progressively reduced as the secondary is 

sound, a transmission channel having a filter 
network therein, a variable impedance in said 
network comprising the primary of a transformer, 
means to variably load the secondary of said a 
transformer without changing the flux density 
and means responsive to the signal energy for 
controlling Said load so that signals in the back 
ground noise frequency range are only trans 
mitted through said filter network when they 
are of such strength that the background noises 
will be masked thereby. 

14. In a system for recording or reproducing 
sound, a transmission channel having a filter 
network therein, a transformer having a primary 
connected in said filter network to control, by its 
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impedance, the transmission characteristics 
thereof, a pair of variable impedance devices con 
nected in balanced relation to said secondary for 
applying a balanced load thereto dependent upon 
their irnpedance, and means varying the imped 
ance of said devices in accordance with the com 
ponents of the signal which are normally sup 
pressed by said filter. 

15. In a system for recording or reproducing 
sound, a transmission channel having a filter 
network therein including a shunt choke coll, 
said choke coil constituting a primary of a trans 
former, means applying a load to the secondary 
of said transformer and means responsive to the 
signal energy for automatically varying said load 
so as to change the characteristics of said filter 
in accordance with the characteristics of said signal energy. 

16. In a system for recording or reproducing 
sound, a transmission channel having a filter 
network therein including a shunt choke Coil, 

3 said choke coil constituting a primary of a trans 

responsive to 
means in said loaded and, under conditions of maximum load, i. 

discriminating somewhat in favor of the lower 
frequencies so as to compensate for the under 
Cutting of the lower frequencies on the sound 
record. ..." 

13. In a system for recording or reproducing 

7 
former, a variable impedance device connected to 
variably load the secondary of said transformer 
and means responsive to the signal energy for . 
automatically varying the impedance of said de 
vice so as to change the load On Said transformer 
in accordance with the characteristics of the signal energy. 

5 

17. In a system for recording or reproducing . 
sound, a transmission channel having a filter net 
work therein, a pair of transformers having pri 
mary windings connected respectively in shunt 

- and in series in said filter network, means ap 
plying a variable load to the secondary windings 

O 

for varying the effective primary impedances, and 
means responsive to the strength and frequency 
characteristics of the signal for varying said load 
so as to alter the transmission characteristics of 
the filter network. 

18. In a system for recording or reproducing 
Sound, a transmission channel having a filternet 
work therein, a pair of transformers each having 
a primary and a balanced Secondary, said pri 
maries being connected respectively in shunt and 
in series in said filter network So as to control 
the transmission characteristics thereof in ac 
cordance with the primary impedances, a pair of. 
Space discharge devices connected to each bal 
anced secondary and adapted to variably load 
the same for altering the effective primary im 
pedance of the transformers, a control channel 

rtain components of the signal, 
- - - - - - - - - - ntrol channel to produce a con trol voltage proportional to the strength of said 

components and means applying said control 
voltage to said space discharge devices so as to : 
change the impedance thereof inversely as the 
strength of said components whereby a balanced 
load is applied to the secondaries which varies directly as the strength of said components. 

19. In a system for recording or reproducing 
sound having a transmission channel including 
variable impedance device constituting the sec 

- ondary of a transformer, the method of varying 
the impedance of said device which comprises 
applying a variable balanced load to the sec 
ondary which varies in proportion to the chair 
acteristics of the signal, and causing the changes 
in the secondary load to alter the effective pri 
mary impedance of the transformer in such man 
ner that certain frequencies are suppressed by 
the filter except when they are of a predeter 
mined minimum strength. 

20. In a system for recording or reproducing 
sound having a transmission channel including 
a filter network and a variable impedance device 
in said filter network comprising the primary of 
the transformer, the method of varying the trans 
mission characteristics of Said network which 
comprises variably loading the secondary of said 
transformer in accordance with the signal while 
maintaining the flux density of Said transformer 
Substantially independent of said load. 
2. In a system of the class described having an 

audio frequency transmission channel including 
a variable filter, the method of producing trnal 
contrast which comprises utilizing the average 
volume of the high frequency tones applied to 
said channel for varying the frequency trans 
mission characteristics of said filter in Such man 
ner that the filter discriminates in favor of low 
frequency tones when the high frequency tones 
are weak and discriminates in favor of the high 
frequency tones when the high frequency tones 
are strong. 

ELLISON S. PURIGTON. 
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