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The present invention is directed to means 
and methods of manipulating the transmission 
characteristics of networks or circuits used in 
recording and reproduction of sound. In its sim 
plest form it may be stated that the method of 
this invention contemplates the introduction of 
attenuation into one or more circuits or channels 
of a system and in simultaneously decreasing at 
tenuation in other channels or circuits of such 
system, whereby the sum of the attenuations in 
the circuits or channels, at any given time, when 
attenuation is expressed as power ratio, is a con 
stant. Means are provided whereby attenuation 
can be introduced or removed in a facile manner 
and accomplish the desired results. When, for 
example, two or more inputs contribute equal 
power or level, then the method or means permit 
smooth fading or transition from one to the 
other of said sources without change in the out 
put power or level. In the event differences in 
level exist between two or more sources, then 
the present invention permits the smoothest pos 
sible transition from one to the other of such 
sources with change in level smoothly distributed 
over the entire fade or transition. 
In the recording, rerecording and reproduction 

of sound, occasions often arise where it is highly 
desirable to fade from one source to another or 
from one reproducer to another. Attempts to 
accomplish this in the past have involved the use " 
of separate mixing gain control devices, or atten 
uators. Since equal and inverse linear or rota 
tional movements of either linear or logarithmic 
types of variable attenuators can not effect con 
stant level transition from one sound source 
to another, it is virtually impossible for the oper 
ator to produce a transition or fade Without 
change in level. For example, inserting an at 
tenuation loss of 0.6 decibel (between 0.6 and 
1.2) requires a corresponding reduction of loss 
in the other leg of the network of 2.7 db. (from 
8.9 to 6.2) in order that the output level be main 
tained constant, while a further insertion of ad- 
ditional 0.6 db. loss requires a reduction of only 
1.5 db. in the other leg. These di?iculties are 
overcome by the methods and devices of this in 
vention, as will become apparent from the de 
tailed description given hereinafter. Various 
adaptations and novel uses are made possible by 
the methods and devices embraced by this in 
vention and examples are embodied in such de 
scription. 
One of the objects of the invention, therefore, 

is to provide a method of manipulating the elec 
trical transmission characteristics of networks, 
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channels or circuits whereby two or more sources 
or inputs can be supplied to a single output, 
either singly or together in any desired propor 
tion, without appreciable change in level or 
power. 

Another object is to provide a method of ma 
nipulating the electrical transmission character 
istics of networks, channels or circuits whereby 
a single source or input can be supplied to one 
or more outlets, selectively or concurrently, with 
out material change in level or power. 
A further object is to disclose and provide 

methods of manipulating electrical transmission 
characteristics of junction networks or circuits 
whereby a number of diiierent eifects can be ob 
tained. 
An object, also, is to provide means and com 

binations of elements adapted to introduce and 
remove attenuation into a channel or channels 
in such manner that the level is not materially 
altered. 
Other objects will become apparent to those 

skilled in the art from the following detailed 
description of illustrative forms of apparatus and 
modes of operation. 
In the appended drawings: 
Fig. 1 is a diagrammatic representation of one 

arrangement of elements in which the methods 
and devices of this invention may be employed. 

Fig. 2 is another diagrammatic representation 
of an arrangement of elements which may be 
used in carrying out the method of this inven 
tion during recording. 

Figs. 3 and 4 are diagrammatic representations 
of arrangements in which the method of the in 
ventions may be used during reproduction of 
sound. 

Fig. 5 is a diagrammatic representation of an 
arrangement of elements for use in rerecording 
sound. 

Fig. 6 is a wiring diagram of one form of de 
vice embodying the inventions herein disclosed. 

Fig. 7 is a wiring diagram of another form of 
device embodying the inventions. ' 

Fig. 8 is a front view of a device embodying 
the wiring diagram of Fig. 7. 

Fig. 9 is a rear view of the device shown in 
Fig. 8. 

In Figs. 10 and 11 are plan and side elevations 
(partly broken away) of the device shown in 
schematic form in Fig. 6. 

Figs. 12 and 13 are wiring diagrams of circuits 
embodying the devices of this invention. 

Fig. 14 is a wiring diagram of another arrange 
ment of elements embodying the invention. 
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Fig. 15 is still another simpli?ed diagram of an 

arrangement adapted for use in the methods of 
this invention. 
Reference will be had hereinafter to attenua 

tors or networks whose insertion loss preferably 
remains constant with changes in frequency or 
whose attenuation loss varies with frequency in 
some desirable manner. Attenuators may be of 
the series impedance type, shunt impedance type, 
full series type, full shunt type, T type, bridged 
T type, lattice type or ladder type. For use in 
sound recording and sound reproducing networks 
or channels it is desirable to employ attenuators 
of substantially constant impedance in both di 
rections and the T, bridged T, lattice and ladder 
types are preferred for this reason. The ladder 
type will be speci?cally referred to hereinafter 
as splendid results have been obtained by its use. 
Moreover, attenuation can be obtained by vary 
ing either a resistance, inductance or capacity, or 
bya combination thereof. In the speci?c exam 
ples given hereinafter, attenuators of the bridged 
T and ladder types will be described, these at 
enuytors employing a varying resistance. 
Moreover, it is to be understood that the type 

of attenuator employed will vary somewhat with 
the conditions under which the attenuator is 
used. If, for example, attenuation is being ac 
complished at low levels (where power is not ex 
pensive), the ladder type is eminently suited. ,7 
The bridged T type is often more effective where 
the operation is being carried out at higher levels. 
By referring to Fig, 6 of the appended draw 

ings, a simple form of device embracing this 
invention will be seen in circuit or diagram form. 
Input terminals of one channel are indicated at 
l and l’ and the input terminals of another 
channel are shown at 2 and 2'. Output terminals 
are indicated at 3 and 3’. A ganged differential 
attenuator of the double ladder type is generally 
indicated at 4. Each attenuator comprises a 
sequence of series impedances or resistances in 
dicated at Z1, Z2, Z3, etc., provided with contacts 
.or taps generally indicated at 5 and adapted 
to be connected with a switch arm 6 attached to .. 
the line 1 leading to the input terminal I. A 
?xed impedance or resistance Z is carried in the 
line 7. Shunt impedances,v generally indicated 
,at v8, are also provided, these shunt impedances 
being connected to a grounded line 9 which con- :i' 
nects terminals l’ and 2’. The input terminal 
2 is connected as by line 10 with the switch 
arm 6’ which is selectively and controllably mov 
able into contact with the various contacts 5'. 
The attenuator output may then be connected 

as by leads II and [2 to a transformer T whose 
output is connected to the output terminals 3 
vand 3’. 

By moving the two switch arms 6 and 6' by a 
single control, impedance is introduced into one .a 
circuit or leg of the network and simultaneously 
eliminated or removed from the other leg of the 
circuit. For example, attenuation may be added 
to the input I and decreased in input 2 and 
when the taps 5 and 5' are properly arranged, 
the sum of the attenuations in the completed cir 
cuit, expressed as to power ratios, will be main 
tained a constant at all times. In the event the 
power input through terminals I and l’ is equal 
to the power input through the terminals} and 
2’, then the power output can be maintained con 
stant while a gradual change is made from I to 2. 
At any time during the change an approximate 
hyperbolic relationship will exist between the, at 
tenuations in‘ the two legs of the network, and 

,ator contacted by arm 6’. 
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the two losses in the two ganged variable attenu 
ators are related by the formula: 

where A and B are the respective losses in the 
two variable legs of the differential mixer net 
work of this invention, expressed in decibels. 
The above equation may be graphically repre 

sented by a hyperbolic curve symmetrical about 
the 3 decibel loss-point. In one extreme posi 
tion of the attenuators the loss through one of 
the variable attenuators is at a minimum while 
the loss through the other network is in?nite. 
In the other extreme position, the reverse is 
true. Half way between the two extreme posi 
tions the loss through each of the two attenu 
ators equals the minimum attenuator loss plus 3 
decibels. The following table gives the relation 
ships, assuming that there are eleven steps or 
taps 5 on an attenuator made in accordance with 
the above disclosures: 

EA En PA l‘u 
Stop Loss A Loss 13 EA, E ‘ PA, 1,“, 

Db. Db. 
0 In?nite 1.0 0.0 1.0 0.0 
0.6 8.9 .93 .30 .87 .13 
1.2 6.2 .87 .40 .76 .24 
1.8 4.7 .81 .58 .60 34 
2.4 3.7 .76 .65 .58 .43 
3.0 3.0 .707 .707 .5 .5 
3. 7 2. 4 . 65 .76 .43 . .38 
4.7 1.8 .58 .81 .34 .60 
6.2 1.2 .49 .87 .24 .76 
8. 0 0. 0 . 36 .93 . l3 . 87 

In?nite 0 0 1. 0 0 l. 0 

The above table does not include any ?xed 
and constant insertion loss, such as the mini 
mum insertion loss of approximately 6 decibels 
occurring in a ladder attenuator. When and if 
minimum insertion loss is present, it merely adds 
a constant to loss A and loss B, the sum of whose 
attenuations, expressed as power ratios, is also 
a constant. 

It is to be noted that in the above table equal 
decibel‘increments of 0.6 db. occur between 0 and 
-—3 db. The increments between —3 and in?nity 
are not equal decibel increments but are corre 
lated to the increments between 0 and —3. The 
column entitled “Loss A” represents the loss in 
,one of the attenuators such as, for example, the 
one operated by the switch arm 6, whereas the 
column entitled “Loss B” represents the corre 
sponding loss which is introduced by the attenu~ 

The two arms 6 and 
6’ are mechanically coupled together so that in 
sertion of attenuation into the line ‘I automati 
cally removes a predetermined amount of at 
tenuation from the line H). It is to be noted 
that the sum of the power ratios at any given 
time equals a constant, namely, 1. 
In certain forms of devices made in accord 

»ance with this invention the increments might 
' be equal power steps or equal voltage steps and 
,the speci?c form referred to hereinabove and 
expressed in tabularform is simply illustrative. 

Since in most instances two or more inputs 
(oroutputs) are-connected by means of the dif 
ferential mixer or attenuator with but a single 
output (or input), the present invention may be 
stated to pertain to a four terminal network or 
circuit, since terminals I’ and'Z’ are grounded, 
leaving active terminals l, 2,3 and 3’. 

‘In Fig. 7 another form of arrangement is 
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shown. Input terminals are again identi?ed as 
I and I’ and 2 and 2’. An input gain control 
device is connected to the terminals |——|', such 
input gain control device being generally indi 
cated at I4. A similar input gain control device 
is connected across the input channel 2—-2' as 
indicated at I5. The devices I4 and I5 as dia 
grammatically shown in Fig. ‘7 are ladder type 
attenuators which supply the terminals 2|, 2|’. 
22 and 22' of a differential mixer network of the 
character shown in Fig. 6. The output of the 
transformer T is connected to a master gain con 
trol device, indicated at 16. The switch arm 6 
is shown as moving between the terminals 5 and 
a ring II. 
By referring to Figs. 8, 9, 10 and 11 it will be 

seen that the wiring diagram of Fig. 7 embodied 
in physical form comprises a panel carrying the 
differential mixer network 4, the input gain con 
trol devices I4 and | 5, the transformer T and the ! 
master gain control device It. Input ‘contacts, 
together with associated cables, are indicated at 
I and 2. The output terminals are contained 
within the output plug I9. A knob 24 operates 
the brush arms 6 and 6' within the diiferential' 
mixer. The knob 26 operates the switch arm of 
the master gain control I6 whereas the knob 25 
operates the switch arm of the input gain con 
trol device I5. The knob 24 is connected to the 
shaft 2'! (Figs. 10 and 11) which carries a brush " 
block 28. The brush block carries the brush 
arms 6 and 6', thereby permitting both brush 
arms to be moved simultaneously. 

It is to be noted that the brush arm 6 has one 
end 6a. contacting the contacts 5 whereas the 
other end of such brush arm 6, indicated at St, 
contacts a ring H. The ring H is permanently 
associated with the terminal 2| (Fig. 7) Where 
as the various taps or contacts 5 are connected 
to the various series resistances of the attenuator. 
Similarly, brush arm. 6' closes the circuit between 
the various circularly arranged contacts 5' and 
the continuous ring IT’. The advantages of the 
construction described herein will become appar 
ent by considering some of the uses therefor.’ For I ' 
example, as shown in Fig. 1 a camera, generally 
indicated at 30, may be directed upon a scene, 
sound from such scene being picked up by 
microphones M1 and M2 connected by ‘lines I 
and 2 to ampli?ers. These ampli?ers supply 
current to an arrangement such as: is shown in 
Fig. 7 and including the gain control devices 
I4 and I5 and the differential mixer network 
generally indicated at 4. A master gain control 
device is indicated at I6 and supplies current to 
a recording device R. During the taking of the 
scene, it may be desirable to ?rst photograph the 
entire scene and during photography perambulate 
or truck the camera toward a smaller portion 
of the scene immediately under the microphone 
M1 so as to obtain a close-up of the action tak 
ing place in that particular portion of the scene. 
During the taking of the general scene, sound 
from both microphones M1 and M2 should be 
uniformly combined and recorded whereas dur 
ing the later sequence When a close-up of action 
under the microphone M1 is being taken, all of 
the sound should be collected by M1 and none by 
microphone M2. The level should be the same, 
however. It will be obvious to those skilled in 
the art that this can be maintained by manipula 
tion of the differential network 4 since attenua 
tion loss may be introduced into the circuit 2 
while simultaneously attenuation is eliminated 
from circuit |, the output level being maintained 
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constant. The manipulation of but a single dial 
or knob Ithereby creates a fade without change 
in output level. Thus the‘ change in acoustic 
perspective matches the change in visual per 
spective obtained by the movement of the 
camera, Without affecting the recorded level. 
By referring to the diagram of Fig. 3, it may 

be desired to reproduce sound from two record 
ings carried by F1 and F2 and to fade from one 
to the other. These circuits, again indicated by 
the numerals I and 2, may include ampli?ers, 
variable attenuators I4 and I5, a differential 
mixer network 4, a master attenuator I6, a power 
ampli?er, and the reproducing horn 3|. After 
the attenuators |4, I5 and I6 have been set, 
manipulation of the differential mixer network'4 
permits gradual fade in from one sound source 
to another without change in level of the speaker 
or reproducer 3|. 
In another adaptation of this invention, it 

may be desired to produce a sound record and 
emphasize sound from one source, as for- ex 
ample where a symphony orchestra is being 
recorded and it is desired to emphasize the work 
of a soloist with such orchestra. A plurality of 
microphones may be arranged for the purpose of 
picking up sound from the orchestra whereas a 
separate microphone, such as M2 (Fig. 2) is used 
for the soloist. The various input circuits lead 
ing to the orchestra microphones may be com 
bined and fed into a differential mixer network 
indicated at 4, which is also connected to the cir— 
cuit leading to the soloist microphone M2. 
Manipulation of the differential mixer network 4 
will permit emphasis upon the soloist without 
change in output level supplied to the recorder R. 
Very often during rerecording a number of 

separate sound records are combined, desired 
modulation being introduced for the purpose of 
blending the various sound records. In some in 
stances it is desirable to introduce reverberation 
as, for example, to create the effect of distance 
_or large halls. The differential mixer network 
of this invention can be used to advantage in 
such rerecording and Fig. 5 illustrates one form 
of arrangement embodying such mixer. Sounds 
may be reproduced from records F1, F2 and F3. 
The record on F3 may be the only one which at 
given points should be modi?ed to introduce re 
verberation. The output of the corresponding 
ampli?er, therefore, is divided into the lines 32 
and 33. An additional ampli?er 34 may be in 
troduced into the branch circuit and supply a 
reproducing unit or horn 35 positioned in a re 
verberation chamber 36 also containing a micro 
phone M associated with an amplifier, a gain con 
trol device I5 and the differential mixer 4. The 
output 33 may also pass through an attenuator 
I4 and then into the differential mixer 4. Out 
puts from records‘ F1 and F2 may be suitably 
ampli?ed and then supplied as by lines 38 and 39, 
suitably attenuated as by variable attenuators 
40 and 4| to the main recording channel 43 hav 
ing a master gain control 44. In the arrange 
ment shown, adjustment of the differential mixer 
4 permits the recording of either altered or un 
altered sound from. the record F3 and any de 
sired proportion of the sound recorded on F3 can 
have reverberation or brilliance added thereto 
without causing undesired changes in output 
level. 

Figs. 12 and 13 are wiring diagrams represent 
ing additional arrangements of elements in which 
a differential mixer can be employed to advan 
tage. In Fig. 12, for example,‘ input terminals 5| 



mixers 4’ and 4". 

4 
,and 5|’ represent one channel whereas input ter 
minals 52 and 52' represent another channel. In 
put terminals 5i and 52 may lead as by lines 54 
and 55, respectively, to switch arms 6 and 6’ of a 
differential mixer 4 whose output, indicated by 
the lines 5 ’, may pass through a transformer 
and then be supplied to a reproducing unit at 
tached to the terminals 53 and 56’. The lines 
54 and 55 may also be connected to the switch 
arms of another differential mixer 4' whose out 
put is supplied to the terminals 5'! and 51' of 
another speaker or reproducing unit. By means 
of the arrangement here shown, both speakers 
may be caused to reproduce from either one of 
the input channels or from both of said input 
channels. One of the reproducing units may be 
reproducing from one input channel while the 
other is reproducing from the other. The two 
differential mixers 4 and 4’ may be mechanically 
coupled if desired. Either speaker can smoothly 
fade between either sound source. 
A rather similar arrangement in simpli?ed 

form is shown in Fig. 13, the arrangement in Fig. 
13 differing only in that the common side of 
each differential mixer faces a sound source and 
not a speaker. Either input can smoothly fade 
between the two outputs. The inverse coupling 
of the attenuators is graphically indicated, and 
although T pads are shown, any type of at 
tenuator may be used. 

It is to be remembered that the terms “inpu ” 
and “output” as used herein are exemplary only 
and in many instances the arrangement shown 
can e?ectively operate in reverse, 1. e., current 
can be supplied at the so-called “output” ter 
minals. 

Fig. 4 of the drawings is a diagrammatic rep 
resentation of a method of selectively directing 
the output of a record F1 from a reproducer to 
any one or more of a plurality of reproducing 
heads or horns and in switching from one horn 
to another or from one set of horns to another in 
a gradual and smooth manner without change 
in level. Numerous novel effects can be obtained 
in this manner. The various horns or reproduc 
ing elements may be located at different points 
in the theatre. For example, reproducers R1 and 
R2 (Fig. ll) may be located on left front and 
left rear positions in a theatre whereas R3 and 
R4 may be located on the right front and right 
rear portions of a theatre. Sound could then be 
reproduced from the front horns only (R1 and 
R3) or from the rear horns (R2 and R4), or both 
pairs. In order to create another effect, R1 and 
R2 representing the left side of the theatre, could 
carry the brunt of the load, or in order to create 
the effect of sound moving from left to right, 
the output could be gradually switched from the 
horns R1 and R2 to the horns R3 and R4. All of 
the horns could be employed at certain points in 
the photoplay, if the nature of the subject matter 
makes it desirable. In order to emphasize ac— 
tion or a rapidly approaching sound source, the 
output of the record F1 could be directed from 
the two front horns R1 and R3 into the rear‘ 
horns R2 and B4. In order to create the effect 
of a sound ?oating around the theatre, the out 
put of the record F1 could be made to travel 
from E1 to R2, to R4 to R3, thereby completing 
a circuit of the entire theatre. 
These effects as shown in Fig. 4 could be ob 

tained by the use of a differential mixer indi 
cated at 4, the output of such differential mixer 
being then again modi?ed by the differential 

The controls on the mixers. 
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4' and 4" can bemechanically interconnected 
so as to cause simultaneous modulation by both 

ofthem. 
Fig. 14 is a wiring diagram which involves a 

further development of the general system in 
dicated in Fig. ‘4. 6| indicates the input from 
an audio ampli?er circuit. The unit generally 
indicated at 64 is a differential mixer or dif 
ferential dividing network which, as shown, con 
sistsoftwo bridged T variable attenuators, the 
entire unit dividing the audio input 61 and sup 
plying it to the transformers Ti and T2. The 
variable attenuators preferably include a suit 
able number of steps or taps but for purposes 
of simpli?cation, the wiring diagram (Fig. 14) 
shows only the three decibel step between zero 
and in?nite loss on each pad. The two pads 
are mechanically interlocked so that the switch 
arms on all of them move simultaneously. Such 
mechanicalcoupling is indicated by the dotted 
lines 62, and simultaneous movement is illus 
trated as an up and down movement. In Fig. 
14 the differential dividing network 6-? shows the 
switch arms in intermediate position, namely, on 
the three decibel loss step. As a result, the 
audio input is being supplied in equal increments 
to the transformers T1 and T2. By moving the 
contacts of the differential mixer network down 
wardly, the entire audio input would be directed 
toward the transformer T2 whereas in?nite loss 
would be introduced into the circuit leading to 
transformer T1. Exemplary resistance values 
are given in Fig. 14. 
The elements 65 and 6B consist of two divid 

ing differential networks which, as shown, are 
also of the bridged T type. Each of these two 
mixer devices includes two variable pads, each 
pad having two sets of steps or contacts, suit 
able in number. Again, the diagram shows only 
the three decibel step between zero and in?nite 
loss on each set of contacts. The four contacts 
on each of the devices 65 and 25 are mechanical 
ly coupled together so as to move in unison as 
indicated by dotted lines 83 and 83’. In the 
position shown, in?nite loss is introduced into 
the upper channel of 65 and into the upper 
channel of the device 66 whereas zero loss is be 
ing introduced into the lower channels of each 
device. 
The diagram of Fig. 14 is capable of selec 

tively supplying signal current to an arrange 
ment ofsix horns or reproducing units. For 
purposes of simplification, these have been spe~ 
ci?cally identi?ed in the diagram as left front, 
left rear, left center, right front, right rear and 
right center. Such identi?cation refers to the 
approximate position of the horn in a theatre. 
As shown in Fig. 14, the left and right center 
horns are handling the entire output of the 
audio input, the output being equally divided 
between the two front horns by reason of the 
setting of the mixer 64. 

Attention is called to the fact that each of 
the devices 65 and 66 is provided with a movable 

"switch arm 61 and 61' which cooperates with a 
split ring, generally indicated at 68 and 68'. 
These two switch arms 61 and 61’ can be me 
chanically coupled to the various switch arms 
of .the pads in devices 65 and 66 so that as the 
switch arm is moved on the top pad of device 
65 and attenuation is increased from zero to 

v, in?nity, the switch arm 61 maintains its contact 
with that portion of the ring 68 which is con 
nected to the left front horn, but as the switch 
:arm continues to moveldownwardly, attenuation 
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in the circuit is gradually decreased and the 
switch arm 6'! now contacts the bottom half of 
the split ring 68 and thus connects the circuit 
with the left rear horn. The switch arm 61 
therefore permits instantaneous switch over from 
one horn to another and when such switch arm 
is mechanically coupled with the differential at 
tenuators, a smooth transition from front to 
back of the theatre can be attained with a single 
continuous movement of but a single control. 
It is to be noted that at an intermediate posi 
tion of the devices 65 and 66 the center horns 
will be supplied with the ampli?ed sound current 
while the front and rear horns are now quiet 
since in?nite loss has been introduced in their 
correlated circuits. - 

Fig. 15 discloses a modi?cation in which an 
attenuator 10 operates on the input terminals 
7|, 12 whereas the attenuator ‘H operates on 
the input terminals ‘l3, 14. The outputs of the 
two attenuators are combined in parallel instead 
of in series, output terminals being indicated at 
15, 16. The terminals ‘l2, 13 are grounded. The 
two variable attenuators 10 and TI are mechani 
cally coupled together inversely and such in 
verse coupling is diagrammatically indicated. 

This parallel arrangement necessitates a bridg 
ing input on the ampli?er connected to the out 
put terminals 15, 16, as each side of the network 
provides a constant resistance termination for 
the other side and no further termination is 
necessary or even allowable. In cases where the 
networks are combined in series, as in Figs. 6 
and 7, the bene?ts of an external termination 
can be realized. One of the main bene?ts is 
that higher gain is obtainable from the succeed 
ing ampli?er when the ampli?er provides the 
termination. A bridging ampli?er generally has 
a lower gain than a similar ampli?er whose 
input circuit properly terminates its signalv 
source. 
Very spectacular sound effects may be attained 

by the use of these devices somewhat along the 
lines indicated in describing Fig. 4. The methods 
and devices of this invention open an entirely 
new ?eld of entertainment and permit the crea 
tion of spectacular e?ects for the emphasis of 
dramatic action, solo work, choral work, and the 
like. 
In order to produce a smooth fade or transi 

tion from one source to another without apparent 
steps in intensity or level, it has been found that 
increments of loss of not more than about 1 db. 
should be used in the range between 0 and 3 db. 
Those skilled in the art will perceive that by 
suitably spacing the contacts 5 and by utilizing 
the bridging effect of the brush arm 6, the effect 
of attenuation increment can be made smaller 
than the attenuation increment between adja 
cent contacts 5. Generally, in order to accom 
plish a smooth change from one source to an 
other, the sum of the attenuations in the cir 
cuits, expressed as power ratios, should be con 
stant at all times. In operating in this manner, 
it has been found that the attenuation increments 
between contacts at the high loss end of a series 
should be greater than and different from the 
attenuation increments between contacts at the 
low loss end of the series of contacts in an at 
tenuator. This is clearly brought out in the table 
of an exemplary form given in the ?rst part of 
the speci?cation hereof. 
We claim: 
1. A Junction network including two branch 

legs and a common leg, an attenuator in each 
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branch leg, said two attenuators being connected 
to a common ground, each of said attenuators 
having a series of contacts, the attenuation in 
crement between contacts at the high loss end 
of the series being greater than and different 
from the attenuation increment between con 
tacts at the low loss end of the series, a movable 
element cooperating with a series of contacts on 
each attenuator, each of said movable elements 
being connected to a branch leg, said movable 
elements being operably associated to vary in 
versely, the attenuation increments of said at 
tenuators and the association of said movable 
elements being correlated so as to produce a sub 
stantially constant total attenuation, expressed 
as sum of power ratios, along the series of con 
tacts. ' 

2. A four terminal junction network including 
two attenuators connected to a common ground, 
each of said attenuators having a series of con 
tacts, the attenuation increment between con 
tacts at the high loss end of the series being 
greater than and different from the attenuation 
increment between contacts at the low loss end 
of the series, said contacts de?ning a series of 
attenuation paths for each attenuator within an 
operative range of from zero to infinity, a mov 
able element cooperating with said series of con 
tacts on each attenuator, each of said movable 
"elements being connected to one of said four 
terminals, the remaining two terminals being con 
nected to said attenuators, said movable elements 
being operably associated to vary inversely where 
by substantially constant total attenuation, ex 
pressed as sum of power ratios, along the series 
of contacts, may be attained. ' ' 

3. In a device of the character described, a 
pair of variable attenuators, each of said attenu 
ators having a series of contacts de?ning ter 
minals of a plurality of attenuation paths within 
an operative range of from zero loss to in?nite 
loss, in decibels, the attenuation increment be 
tween contacts at the high loss end of the series 
being greater than and different from the at 
tenuation increment between contacts at the 
low loss end of the series, a movable element co 
operating with a series of contacts on each at 
tenuator, said movable elements being operably 
associated for simultaneous movement, the at 
tenuation increments of said attenuators and the 
association of said movable elements being cor 
related so as to produce a substantially constant 
total attenuation, expressed as sum of power 
ratios, along the series of contacts. 

4. In a device of the character described, a 
four terminal network including an attenuator 
provided with two sets of contacts, a movable 
element cooperating with each set of contacts, a 
terminal connected to each of said movable ele 
ments, said movable elements being mechanically 
couple-d together to move inversely over their as 
sociated contacts, said contacts being arranged 
to produce a substantially constant total attenua 
tion, expressed as sum of power ratios, at all 
times. 

5. A method of manipulating electrical trans 
mission characteristics of a plurality of circuits, 
comprising: introducing attenuation in some of 
said circuits and simultaneously decreasing at 
tenuation in other circuits by a series of steps 
within an operable attenuation range of between 
zero and in?nity, expressed in decibels; and 
maintaining the complement of attenuations, ex 
pressed as power ratios, substantially constant 
over the entire range of increase’ or decrease, 
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by increasing the attenuation in steps which bear 
an hyperbolic relationship to the simultaneous 
steps of decrease in attenuation. 

6. A method of creating sound effects which 
comprises: positioning reproducers at different 
points in a theatre or other enclosure; connect 
ing a sound current circuit to all of said repro 
ducers through a junction circuit, and then grad 
ually introducing attenuation in certain of said 
reproducer circuits and simultaneously decreas 
ing attenuation from other of said reproducer 
circuits so as to cause sound to be reproduced 
from one and then another of said reproducers 
selectively without material change in the com 
plement of attenuations in said reproducer cir~ 
cuits, expressed as power ratios. 

7. A method of creating sound effects which 
comprises: positioning reproducers at different 
points in a theatre or other enclosure; connecting 
asound current circuit to all of said reproducers 
through a junction circuit; and then gradually 
introducing attenuation in relatively small loss 
increments in certain of said reproducer circuits 
and simultaneously decreasing attenuation in 
correlated larger loss increments in other of said 
reproducer circuits, whereby the total attenua 
tion in the system is maintained virtually con 
stant, expressed as a power ratio, and sound can 
be selectively reproduced from any one or more 
of said reproducers and transition from one to 
another reproducer is attained without material 
change in level over the level of the sound cur 
rent circuit. 

8. A method of regulata-bly controlling sound 
currents supplied to a plurality of circuits having 
reproducers located at different stations, which 
comprises: introducing attenuation in one or 
more of said circuits and simultaneously decreas 
ing attenuation in the remaining circuits within 
an operative range of between zero loss and 
in?nite loss, expressed in decibels; the sum of 
the attenuations in said individual circuits, ex 
pressed .as power ratios, being constant at all 
times. 

9. A method of manipulating the transmission 
characteristics of a junction network during 
recording of sound, which comprises: positioning 
two or more microphones in operable relation 
to different sound sources, supplying sound cur 
rents from said microphones to a junction net 
work, gradually introducing attenuation in rela 
tively small loss increments in the sound current 
circuits from one of said microphones, and simul 
taneously decreasing attenuation in correlated 
larger loss increments in the sound current cir 
cuit from another of said microphones, the 
attenuation in one microphone circuit bearing 
an hyperbolic relation to the attenuation in the 
other microphone circuit so that the complement 
of attenuations, expressed as power ratios, is 
maintained constant, whereby the output of said 
network may be derived from any one or more 
of said microphones and smooth transitions are 
obtained. 

10. A method of manipulating electrical trans 
mission characteristics of a plurality of circuits 
which comprises: progressively introducing at 
tenuation in at least one of said circuits, and 
simultaneously automatically producing comple 
mentary attenuation, expressed as power ratios, 
in the remaining circuits. 

11. A method of manipulating the transmis 
sion characteristics in a sound reproducing sys 
tem and of creating novel sound effects thereby, 
which comprises: positioning reproducers in the 
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front, rear and in the center of a theatre or other 
enclosure; connecting a sound circuit including 
branch legs to all of said reproducers through a 
junction circuit whereby in?nite loss may be 
introduced into any lr 31 leading to any two 
of said reproducers at the same time; gradually 
introducing attenuation in relatively small loss 
increments in a branch circuit leading to a front 
reproducer while simultaneously decreasing at 
tenuation in correlated larger loss increments 
in a branch circuit leading to the center repro 
ducer, and when in?nite loss has been thus 
introduced in the front reproducer circuit, grad 
ually introducing attenuation in the center 
branch circuit while decreasing attenuation in 
the rear reproducer branch circuit, the sum of 
the attenuations in all of said branch circuits 
being modi?ed, expressed as power ratios, being 
constant at all times; whereby transition from 
front to rear reproducers may be obtained with 
out material change in level. 

12. A method of creating sound effects in 
theatres, which comprises: positioning repro 
ducers in the front and in the center of a theatre 
or other enclosure; connecting a sound circuit 
to said reproducers through a junction circuit 
including front and center branches, each of 
said branches including variable attenuation 
means having an operative range of between 
zero loss and in?nite loss, in decibels; gradually 
introducing attenuation in one of said branch 
circuits while simultaneously decreasing atten 
uation in correlated loss increments in the other 
branch circuit, and maintaining the complement 
of attenuations in said branches, expressed as 
power ratios, substantially constant throughout 
the range of variation, whereby the sound from 
said circuit may be selectively reproduced from 
front or center reproducers and smooth transi 
tions obtain. 

13. A junction network for sound current com 
prising: branch legs and a common leg; an at 
tenuator in each branch leg, and means for vary 
ing the attenuation in each branch leg, said 
means being operably associated to produce a 
substantially constant complement of attenua 
tions, when expressed as power ratios, through 
out the operative range. 

14. A junction network for sound current com 
prising: branch legs and a common leg; an at 
tenuator in each branch leg, having an operative 
range of from zero loss to in?nite loss, in decibels, 
and means for varying the attenuation in each 
branch leg, said means being operably associated 
to produce a'substantially constant complement 
of attenuations, when expressed as power ratios, 
throughout the operative range. 

15. A network including two branch legs and 
a- common leg, a ladder type attenuation element 
in each branch leg, each of said attenuation ele 
ments including series impedance arms and shunt 
impedance arms, one end of each of said shunt 
impedance arms being connected to a common 
ground, each of said attenuation elements includ 
ing a set of terminals associated with the series 
impedance arms, and a movable contact arm in 
each of said branch legs, each of said movable 
arms being operably associated with a set of ter 
minals, said movable arms being mechanically 
coupled with each other to contact a separate 
pair of terminals for each setting, the operable 
impedance connections of each attenuator of 
fering complementary attenuations to the simul 
taneously connected impedance connections, 
when expressed in power ratios. 
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16. A sound reproducing system for theatres 

and the like, including: two branch legs, each 
thereof provided with a modulated current source, 
an ampli?er, and a variable attenuator having 
an operative range of from zero loss to in?nite 
loss. in decibels; a common leg connected to said 
attenuators, said common leg including an am 
pli?er and a loud speaker; said attenuators being 
operably coupled together to produce a substan 
tially constant complement of attenuations, 
when expressed as power ratios, throughout the 
operative range. 

1'7. A sound reproducing system for theatres 
and the like, comprising: a source of modulated 
currents, an ampli?er therefor, a primary net 
work connected to said ampli?er, said network 
having two branches, an attenuator in each of 
said primary branches, means for varying the at 
tenuation in each of said branches, a secondary 
network connected to each of said branches, a pair 
of output lines from each of said secondary net 
works, four loud speaker means, one of said loud 
speakers being connected to each of said output 
lines, a variable attenuator in each of said out 
put lines, the attenuators in output lines of each 
of said secondary networks being coupled to 
gether to produce a substantially constant com 
plement of attenuations in such secondary net 
work, when expressed as power ratios, whereby 
sound may be reproduced from any one or more 
of said four reproducers selectively. 

18. A sound reproducing system for theatres 
and the like, comprising: a source of modulated 
currents, an ampli?er therefor, a primary net 
work connected to said ampli?er, said network 
having two branches, an attenuator in each of 
said primary branches, means for varying the at 
tenuation in each of said branches within an op 
erative range of from zero loss to in?nite loss, in 
decibels, said means being operably associated 
to produce a substantially constant complement 
of attenuations, when expressed as power ratios; 
a secondary network connected to each of said 
branches, a pair of output lines from each of said 
secondary networks, four loud speaker means, 
one of said loud speakers being connected to each 
of said output lines, a variable attenuator in each 
of said output lines, the attenuators in output 
lines of each of said secondary networks being 
coupled together to produce a substantially con 
stant complement of attenuations in such sec 
ondary network, when expressed as power ratios, 
whereby sound may be reproduced from any one 
or more of said four reproducers selectively. 

19. A sound reproducing system for theatres 
and the like, comprising: a source of modulated 
currents, an ampli?er therefor, a primary net 
work connected to said ampli?er, said network 
having two branches, an attenuator in each of 
said primary branches, means for varying the at 
tenuation in each of said branches, a secondary 
network connected to each of said branches, a 
pair of output lines from each of said secondary 
networks, four loud speaker means, each being 
adapted for placement in a different position in 
a theatre, one of said loud speakers being con 
nected to each of said output lines, a variable 
attenuator in each of said output lines, the at 
tenuators in output lines of each of said sec 
ondary networks being coupled together to pro 
duce a substantially constant complement of at 
tenuations in such secondary network, when ex 
pressed as power ratios, whereby sound may be 
reproduced from any one or more of said four 
reproducers selectively. 

10 

15 

20 

25 

40 

45 

60 

7 
20. A sound reproducing system for theatres 

and the like, comprising: a source of modulated 
currents, an ampli?er therefor, a primary net 
work connected to said ampli?er, said network 
having two branches, an attenuator in each of 
said primary branches, means for varying the 
attenuation in each of said branches within an 
operative range of from zero loss to in?nite loss, ' 
in decibels, said means being operably associated 
to produce a substantially constant complement 
of attenuations, when expressed as power ratios; 
a secondary network connected to each of said 
branches, 2, pair of output lines from each of 
said secondary networks, four loud speaker 
means, one of said loud speaker means being 
connected to each of said output lines, and a 
variable attenuator in each of said output lines. 

21. A network circuit including two input cir 
cuits, one output circuit, and coupling means be 
tween the two input circuits and output circuit, 
each of said input circuits including an impedance 
matching device and a variable attenuation de 
vice between said impedance matching device 
and said coupling means; each of said variable 
attenuation devices including a plurality of oper 
able circuits terminated by one contact in a 
series of contacts, each of said input circuits in 
cluding a selector arm adapted to operatively 
connect each of said series of contacts in a ?xed 
electrical sequence, said selector arms being 
mechanically coupled, one of said series of con 
tacts being in reverse operable order to the other 
series so that complementary operable circuits 
are introduced when said coupled selector arms 
are moved together, such operably selected cir 
cuits oiTering complementary attenuations, ex 
pressed as power ratios. 

22. An electric reproducer for sound accom~ 
paniment to motion picture ?lms, including: a 
plurality of records of sounds, a plurality of elec 
tric current pick-up means, a loud speaker 
means, and a variable attenuator between each 
pick-up means and said loud speaker, each at 
tenuator having an operative range of from zero 
loss to in?nite loss, said attenuators being cou 
pled together to produce complementary changes 
in attenuation between said plurality of pick 
up means and said loud speaker, the complement 
of attenuations, expressed as power ratios, be 
ing constant throughout said operating range. 

23. A sound reproducing system including: a 
current division circuit including a source of 
sound current and two primary branches, a var 
iable attenuation means in each primary branch, 
said attenuation means being coupled together 
to change attenuation in steps of equal magni 
tude but opposite algebraic sign, when expressed 
in power ratios; a current distribution circuit as 
sociated with each of said primary branches, the 
two current distribution circuits being of iden 
tical characteristics, each of said current dis 
tribution circuits including two variable attenua 
tion means, and loud speakers connected to said 
attenuation means, one of said attenuation means 
having an effective range of from zero loss to in 
?nite loss to zero loss, and the other attenuation 
means having an effective range of from in?nite 
loss to zero loss to in?nite loss, when expressed 
in decibels; two loud speakers connected to the 
attenuation means of the zero-in?nity-zero range 
and one loud speaker connected to the other at 
tenuation means; a switch connection between 
the ?rst of said attenuation means and its asso 
ciated loud speakers; means coupling all of the 
attenuation means in the distributing circuits for 
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operating said attenuation means simultaneously 
in a predetermined relationship and for operating 
said switch whereby contact is automatically 
maintained between the attenuation means of the 
zero-in?nity-zero range and one loud speaker 
when said attenuator is operative on the ?rst 
half of said range, and whereby such contact is 
broken and the other loud speaker connected to 
said attenuation means in the second half of the 
operative range; said coupling means being 10 

adapted to maintain a substantially constant 
complement of attenuations in the operative cur 
rent distributing circuits, expressed as power 
ratios, whereby the reproduction of sound may 
be shifted from one loud speaker to any other 
loud speaker by manipulation of said coupling 
means. 

WILLIAM E. GARITY. 
JOHN N. A. HAWKINS. 


