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for such devices as loud speakers and telephone

receivers for radio and other communications

and is especially applicable in connection with

5 the reception of broadcast programs, whether by
radio or wire channels. Here the term, volume
range, refers not so much to the volume or loud-
ness of the program but to the ratio of the
maximum to the minimum of the pregrem vOl-

10 ume. -

The object of the invention is to provide means
whereby not only the absclute volume but also

the range of volume may be under the control

of the listener. The former of these is cominon
15 in the art and, generally, consists of means such
as potentiometers in the input of an amplifier

or other device by which the portion of the in-

coming program voltage to be applied tc the am-
plifier or other portion of the receiving system

o0 may be increased or decreased, as desired. While ju
- .shall be.

such a device changes the loudness or absolute

volume of the program, it affects all parts in the

same way so that the ratio of maximum to mlnlg
mum loudness of a given program, i. e. the vol-
o5 1me range, is not altered.

trative of changes in volume range. Iig. 2 is a
30 circuit embodying my mventmn and Fig. 3 1s a,
modification thereof.

In present broadcasting, the range oi eeeustlc
volume delivered to the transmitting system va-
ries widely, depending upon the nature oif the

35 program but in some cases may amount to as
mtuch as 60 to 100 decibels, 1. e. an energy ratio
of maximum to mlnlmum volume of 106 to 1019,
Here the decibel is a transmission unit defined
by the relation L=10logioVi/Ve, where L' is the
40 number of decibels difference in volume of two
acoustic outputs of energy of volume Vi and Vy,
respectively. It will be observed that it depends
on the ratio and not on the difference of the
volumes or loudness. The volume range whicn
45 can be handled by the transmitting system (ex-

tending from pickup point to the transmitting
antenna) is definitely limited, the maximum vol-

ume being fixed by the overioad point of the
apparatus and similar considerations and the

50 minimum volume being limited by the noise or

interference which enters in various parts of the
system. The present broadcast transmission sys-
tems are limited to a range of something like
25 or 30 decibels, i. e. a ratio of maximum to
55 minimum volume of about 103, In other words,

‘load the system and produce distortions.

. Inai relationships.

The invention will be better understood by ref-
erence 1o the following specification and the ac-
companying drawing in which Figure 1 is illus-

(CL 178—-—44)

This invention reiates to volume range control 1if the volume range exceeds this amount, a,nd the

ansolute volume is set so that the minimum vol-

ume still is suﬁiezently loud with respect to the

noise inherent in the transmission system, then:
the maximum volume would be so large as toover- §
On the
other hand, if the absoiute volume is reduced so

~ that the maximum volume does not produce dlS-
tortion then, at minimum volume, the ratio of

noise to signal frequency will be too large. 10
According to present practice, whenever the

range of acoustic voluime exceeds the range which,

can be accommodated by the transmitting Sys=-

tem, it is narrowed dewn to its imit. This nar-

rowing process may be accomplished in various i5
ways; the simplest being that in which an in-
dividual acting as a monitor decreases the volume
when it becomes excessive and increases the vol-
ume when it becomes very low, using his best
judgment as to when and how large the changes 20
Obvmusly, stich changes introduce a
departure from faithful reproduction of the pro-
gram at the receiving station uniess some com-
penisating device is bx_'eught in to resiore the orig-
t is apparent that in the 25
manual adjustment by the monitor, mentioned
above, the element of judgment which is involved
in the fime sequence of the changes which are in-
troduced makes it difficult to introduce a subse-

- quent correction of the distortion resulting from 30 .

the manual adjustments. Such correction could
best be made if uniform expansion or contraction
of the veolume range can be obtained. The term,

- uniform expansion or contraction of the volume.

range, will be better understood by reference to 356
Fig. 1 which in one direction shows volume range
contraction with reduction for maximum volume
and increase for minimum volume. The various

steps of volume in one range may be demgne'ted

by Vi, V2 * * * Vg which, it will be assumed, 40
are to be contracted into a range des:tgnated by
the corresponding steps Vi’, Vo' * * * Vg’, In
passing from one of these volume ranges to the
other, the velume ratige will be contracted or
expanded uniformly if uniform increments of 45

volume in the initial range remain uniform in
the resultant range. This may be expressed in
‘another way by saying that Va/Va=Va'/Vn'.

The shift of either range in its entirety along
the volume scale is of no significance in this con- 8§0.
nection since such a shift means merely a rela,- |
tive gain or loss.

In order to obtain at least an epprommatmn to
such uniform expansion or contraction, various
-a,utemet ¢ arrangements have. been proposed 55




10

2 s
such as tha,t dlsclesed in’ my Pa,tent Ne 1 738 000._ |
of December 3, 1929, in which automatic volume
_eentractlon is ob‘temed at- the transmitting end
and compensatmg e:s;pa,nsmn is obtained at the
"recervmg station; It may occur, however, thet_- :
“while centractlon at. the transmlttmg station was

 necessary in order to keep within the limitations

';__r'-_ef the transmlssmn system,. even after corre-
o -f'spendlng expansion at the receiving station one
-may not be ‘working up. to the limitations of the

- volume range of the receiving epperatus This

is qulte likely to be the case for the reason tha,t.__.

~ properly designed receivers will, in general, han-

o -'su-ed by the listener will be different from time o

Furthermore ‘the Velume renge whlch is de-'

- time and may be wider or narrower than the vol-

- ume range delivered to him by his receiver.

'203 maximum volume which he desires will depend

" The

. _.Upon sueh factere as the nature of the program,

- his position with reference to the loud speaker,

- the possibility of annoyance to others, ete.,

~ the minimum volume which is setlsfactory will
depend upon the room noise and similar factors.
- Accordingly, in my invention, I propose to provide

25

. “the listener with some means of adjusting the

35

- yolume range delivered by his. reproducmg appa-
L .retus so as to suit his requirements at any time.
I --j:_-_:1s shown in Fig. 2, which consists of an amplifier

| 18 which receives program  signals from any
~source such as the radio transmitting station 6.
- It is to be understood that at the transm.rutmg
S station 6 the program has been narrowed, if nec-
.~ essary, to such a volume as to come within the :
~ - limits of the anperatus of that trensmlttmg set. .
© At the receiving station & there will be. suitable

“An ar rangement for aecemphshlne' this result

: rdeteetors and’ amphﬁers which. then supply the

40
. receiving circuit which precedes the amplifier {8
- there may be included. an automatic gain centrel o

-arrangement, such as, for example an errenge-.

" ment in which the carrier current is recti: jed and R
- sistance element {6 which gives a definite bias to 45—5.;_ -

amplifier 10 referred to above. In the part of the

5 the rectified voltage used to control the receiving

'4'.5_'.;".'_{31rcu1t in such a manner as to compensate for
o ___chenﬂ'es in the efficiency of the transmitting me-
. dium.  Such an. arrangement is -disclosed in
._'Umted States Petent No. 1,511,015 to H. A. Affel.

. 50-5 An arrangement of this type does not, of ceurse N

-_'__af ect the volume range of the program,

"~ .. resistance i8
 of the ampli
-~ coming program. changes the size of this rectl—_j
~ fier space current changes, thus altering the bias -
ofthe amplifier grids and therefore changing the -

c The extent to which the -

" gain of said amplifier.

- In accordance with my invention, provision is
o made for a,utometlcally expanding or centractmg
- the volume range delivered by amplifier 10 and, -
in addition, provision is made by which the lis-
~ tener may. vary or control the degree of the ex~
- pansion or contraction of the volume range. To
- this end, I bridge across the line circuit 9 a trans-
.. former 12 feedmg into an amplifier 13 and from
The output of  this
- rectifier contains a resistance 16, one point of
. ‘which, prefere,bly the midpoint, is connected to -
_the ﬁlaments of the amplifier i0 which is here.
- shown as a push-pull amphﬁer
5 rent of rectifier 14 normally flowing through the
'ntroduces a certain bias to the grids

thence into a rectifier 4.

der 10 and as the Volume of the in-

- gain is controlled can be altered by using a larger

o or smaller portion 'of the resistance 16 and, to
- -this end, I make the contact from the- grlds to

_75___-]_the resmtance element a Varlable one, Further-

while

. uype shown in T

~the grlds of e,mpllﬁel
changes in this bias as may result II'OIII Velame

changes arriving on the conductors :8. o
che. cha.rlges the position of the. centact to the =~ -
"-'_-elemem 16, the amount of this bias will change, 553
and in order that operetlen shall be kept at sub-—-- T

~ stantially the same point on the operating char-
Iactellauzc of the tubes 18, I find it desirable to

- make eorreepend*ng correction therefor. T
-~ may be eceemphehed by the petent;.emeter 22 and 55

The space cur-

2 016 427 | _
more, 1t will be observed thet such bms as is m- . L
troduced on the grids from this rectifier output - -
may be made positive or neg&bwe thus a,IIOWlng__;_-_r;" L
~ for either contraction or expansion, as desired. =
From the circuit as thus described, it. will be 5
'_observed that if the incoming program velume-.__; L

“increases, the current through the- rectifier in- "

~ creases and therefore the drop through any por-
‘{ion of the resistance 16 increases. R
cuit as connected in Fig. 2, it will be cbserved that 10

‘such increase in volume will be accompanied by -

in the negative biasing of the grids =~ .

) ~ resulting in the decrease of the: emphﬁcetlen of - -
~dle a wider volume range: tha,n is dehvered to |
‘them at the present time. SRS

an incr casc

the amplifier {0 and thus a decreese in the vol- -

- ume output of said amplifier. On the other hand, 15
" as the volume decreases, the bias will correspond- .
* ingly decrease and the gain of the amplifier will -
‘Such a connection then results ina
- contraction of the volume range and it may be .
said that the ampli; Acation factor is a power less 99 -
- than unity of the speech envelope. Furthermore,
it will be observed that if the contact of the grids =
is shifted to the opposite side of the midpoint
connection of resistance 16, then the reverse ac-
tion takes place, nemely, expansion of . Velume__]25 S
“range and the amplification factor is a power . -
- greater than unity of the speech envelope, Hav-
‘ing set-the contact at any one point on the resist-
- ance {8, the contraction or expansion is auto--
- matic but the amount of such contraction or ex- g0
- pansion may be altered at will by shlftlng theﬁf"'j-* B
. contact on the resistance 16, -

be greater.

1t is desirable that the changes in volume ra,ngefl .;. |

"nall be in -accordance only with the maJor or -
slow swings of the program Velume LT
i '_pulpese a low-pass filter 18 is introduced in the =~

utput of the rectifier 14,  Also, it is desirable'to

) -coueet for the time required for operation of the =
. _rectlﬁer circuit 14 and, for this purpose, T intro- - .
duce a delay network 20 in- the mem tr: ansnussmn 40_!_; -

.cnannel as shown.. |

It will be: 1ecogmzed that Wlth a rectlﬁer ef the
Wg, 2, there is nelmally a space
current ‘Iewrng threugh the rectlﬁer and the re-

{8 in &ddlbli}ll 10 such

If now,

ba,tbery 21, and, in gener al, I find it- convement

. to gear tOEEDhET the adjustments cn the resist- -
~anceg 1§ and 22 in such manner as to automa,tl- L

cally make the necessary co*npe"lsatmn as - the |
adjustment of 16 is changed. One mode for ac- 60..
complishing this is shown-at 28 in Fig. 3. In -

-addition, the element 22 may. ﬂe used for chang_

ing the absolute volume of the program- by inde-

'pendent adjustment, eluheugh I prefer to have - .
such volume control obtained by mdependent 60;{.{:,---'-_.
~means such as the potentiometer 25 connected in
- front of the mua speeker 23, or ObhEl repr oducmg

devrce S
In the event that en

I{‘,lent COHtI’&CtIOIl GI' EX- - :'.

pansion of volume range is not obtained by one70.

stage, then it is possible to connect two such

- controls as SﬂOWIl in Fig. 2, in Lendem or as many-

more as may be necessary, it being emdent from
the nature of the circuit connections that there is.

';ne limit to the number of such clrcults whlch may 75

With the cir--

CHor th1535 e L
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be connected one after the other. This-'is.ill_us—

“trated by the element 32 in Fig, 3.

Fig. 3 shows a modification of Fig. 2 in which

a single amplifier 30 is used instead of the push-

pull arrangement of Fig. 2. Also, in this case, the
tube shown is that known as a screen grid tube.
Such a tube has the interesting property, when

suitably designed, of having a variable amplifica-

tion factor, the mutual conductance of the tube

being an exponential function of the bias ap-

plied to the control grid. The amplification
can be made proportional to the mutual con-
ductance so that it also will - be an exponen-
The com-
bination of this exponential amplification with
the other ccntrols shown is particularly effec-
In the rectifier circuit there is also shown
an equalizer to bring the frequency-amplitude
response characteristic to any desired form.
Otherwise the operation is as descnbed above
What is claimed. is:

1. In a signaling system, a source of audio fre-

quency telephone current waves varying in vol-
ume over a definite volume range extending from

a maximum volume to g minimum volume during

the communication of intelligence, the energy

ratio of said maximum to said.min_imum volume
being definite, means responsive to changes in

volume of said telephone waves to uniformly
change the volume range into a volume range hav-
ing a different energy ratio of maximum to mini-
mum, the volume ranges being so related that

uniform increments of volume in the new range

will correspond to uniform increments in the old
range means for altering at will the amount of

change in volume range, and means to restore

the average volume to normal when the amount

of change in volume range is altered. |
2. In a signaling system, a sourece. of audio-{re-

gency telephone current waves varying in volume

over a definite volume range extending from a

maximum volume to a minimum volume during
the communication ci intelligence, the energy
ratio of said maximum to said minimum volume
being definite means responsive to changes In
volume of said telephone waves to uniformly

change the volume range into a volume range hav-

ing a different energy ratio of maximum to mini-
mum, the volume ranges being so related that

uniform increments of volume in the new range

will correspond to vniform increments in the old

range, means for altering at will the amount of

change in volume range, and means whereby the
change in volume range may be made either an
expansion or a contraction of the range as desired.

3. In a signaling system, a source of audio-fre-
quency telephone current waves varying in volume
over a definite volume range extending from a

maximum volume to a minimum volume during
the communication of intelligence, the energy

ratio of said maximum to said minimum volume
being definite, an amplifier for said telephone
waves, a rectifier to rectify said waves, said ampli-
fier and rectifier having their inputs connected in
parallel and the output of said rectifier varying in
accordance withh the volume of sald telephone
waves, means for applying a voltage derived from
the rectifier output to a control electrode of the
amplifier in such manner as to uniformly change
the volume range of the telephone currents applied

to the amplifier into a volume range in the out~

put having a different energy ratio of maximum
to minimum, the volume ranges being so related
that uniform increments of volume in the new
range will correspond to uniform increments in

- to said ampli

- will be diff
ranges being so related that uniform increments
of volume in the output range will correspond to

‘a maximum volume to a minimum volume during

amount of change in volume range by altering the

- proportion of the rectifier output voltage applied
er, and means to alter the direc-
tion in which the voltage is applied to the ampli~
fier so that the change in volume range may be
- made either an expansion or a contractlon of the

range as desired.

4. In a signaling system a source of audio-
frequency telephone current waves varying in

volume over g definite volume range extending.

~from a maximum volume to a minimum volume.
during the communication of intelligence, the en-

ergy ratio of said maximum to said minimum vol-
ume being definite, an amplifier for said tele-

phone waves comprising a vacuum tube whose
mutual conduction is an exponential function of
~its grid bias, a rectifier to rectify said waves, said.
~amplifier and rectifier having their inputs con-
nected in parallel and the output of said rec-

‘the _old'rangé, ' means for -aitering at will the '

10

15

20

tifier varying in accordance with the volume of

said telephone waves, means for applying a de-
sired fractional portion of the voltage derived

from the rectifier output to a control electrode

of the amplifier in such manner as to automati-

20

cally change the volume range of the telephone

currents applied to the input of the amplifier |

into a2 volume range in the output bearing an ex-

ponential relation to the input currents so that

energy ratio of maximum to minimum volumes
erent in the two ranges, the volume

30

uniform increments in the old range, means for

alter_ing; at will the amount of change in volume

ange, and means to restore the average volume

to normal when the amount of cha,nge in volume

range is altered.

30

5. In a signaling system, a . source of audio~
frequency telephone current waves varying in 4,

volume over a definite volume range extending

from a maximum volume to a minimum volume

during the communication of intelligence, the
energy ratio of sald maximum to said minimum

45

volume being definite, an amplifier for said tele-

phone waves, a rectifier to rectify said waves,

said amplifier and rectifier having their mputs

connected in parallel and the output of said rec~
tifier varying in accordance with the volume of
said telephone waves, a resistance impedance in

the output of said rectifier, variable tap connec-

o0

tions to said resistance from the input of said

amplifier to apply a portion of the voltage across
said resistance to the control electrode of the am-

~ plifier in such manner as to uniformly change

the volume range of the telephone currents ap-
plied to said amplifier into a volume range in
the output having a different energy ratio of

maximum to minimum, the volume ranges being

so related that uniform increments of volume in

- the new range will correspond to uniform in-

crements in the old range, said variable tap con-
nections being so arranged as to permit of alter-

ing at will the amount of change in volume range
by altering the proportion of the voltage in said
resistance applied to said amplifier, said taps

also being arranged to permit of aliering the
direction in which the voltage is applied to tha
amplifier so that the change in volume range
may be made either an expansion or a contrac-
tmn of the range as desired.

60

65

70 -

6. In a signaling system, a source of audm-fre- o

| quency telephone current waves varying in vol-

ume over a definite volume range extending from

75
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S ome in such manner as to compensate for a

- change in the average volume resulting from ad-
~Justing the tap connections to seld resistance.
7. in a smoelmg sysiem, a source of . a,udlo- B
ciephone current waves varying in vol-
o a. definite volume range extending from
- a maximum volume to a minimum volume during
. the communication .of intelligence, ‘the energy
40 ratio of said maximum to said minimum volume
. being definite, an . amplifier for Sald_ 1Le ephone

“.the oommumoetwn of mtelhgence the energy
- ratio of said maximum to said minimum volume
- being definite, an emphﬁer for said telephone
waves, a rectifier to rectify seld waves, said am-
‘plifier and rectifier having their inputs. con-
jneoted in perellel and the output of said rec-
. tifier varying in accordance with the volume of
- said telephone waves, a resistance impedance in
“the output of said recti ier, variable tap connec- -
tions to said resistance from the input of said
o 'emph_._el e) eppiy a portlon of the Voltege aCross
.- said resistance to the control electrode of the
a'molmer in such manner as to uniformly ohenge o
- the Volume range of the telephone currents ap-
_pl:aed to said emphﬂm into a volume renge in
- the output ‘having a different energy ratio of
- maximum {o minimum, the volume ranges being
 so related that uniform increments of volume in
the new range will correspond to uniform incre-
ments in the old range, said variable tap con- .
~ nections being SO errenged as to permit of alter-
“ing at will the amount of change in volume:
the proportmn of the voltage
In said reszstenoe applied to said amplifier, said
L OR. te;os also be ing errenged to permit of altering
- the direction: in which the voltage is. applied. to
the amplifier so that the ohenge in volume range
- may be made either an eXpenszon or a contrac-
 tion of the range as desired; and a, biasing pofen-
+1omote1 olrouit in series with said resmtenoe :

,,Iieoueeoy
*;_m Ne OVer

range by alt ering

's’;he emphﬁer circuit to edJusu the average vol-

 waves, a rectifier to rectify said waves, said am-

60

. 'Duff.
S | o perellel and the output of said rectifi
T ing in- accordance with the volume of said tele-.
~ .- . pnone waves, a resistance impedance in the out-
pub of said rectifier, variable tap connecticns to
said 1oh1ete*1oe from the input of said amplifier
ortion of the voltage across said re~
sistance to the oontrol electrode of the amplifier
© in such manner as to uniformly change the vol-
ume range of the ue’lephone ourrente applied to-
said amplifier into a volume range in the output
having a. different enefgy ratio of maximum to -
‘55 -minimum, the volume ranges being so related that
" uniform incréments of volume in the new range
will correspond to meorm increments in the old -
~ range, said variable tap connections being so ar-
- ranged as to perimit o’r‘ eltormg at will the emount
of change
portion of ‘the voltage in said resistance applied
1o said emphﬂel, said taps also being arranged
 to permit of altering the direction in which the
:-voltege is applied to the emp]ﬁer so that the
- change in volume range may be made either an
“expansion or a contraction of the range as de-
sired, end a biasing potentlometer circuit in series
- with said resistance in the amplifier circuit to
'i edmst the everege volume the means for vary-

-to a2nply &

in volume lengﬂ by eﬂtermg the pro-

murm; -
- umform increments of volume in the new range 30:'- n
- will correspend to uniform iner e*nents in the old

~and I’CCLI'F].B?“ naving thelr mputs connected:
er vary- .

~ent energy ratio of max

2 016 427

ing the re31stenoe oonneotlons and the poten- o
tiometer connection being so geared together that .
‘the adjustment of the potentiometer will com- =
~ pensate for a change in the average volume re~
sulting from edJustmg to the tep oonneotmns to. 5
said resistance. o
8. In a 31gne11ng system a2 ffo'oroe of eudio-' SRR
-frequenoy telephone current waves varying in vol-
‘ume over a definite volume range extending from -
- a maximum volume to a minimum volume. dur- 10
~_ing the communication of intelligence, the energy -
- ratio of said maximum to. said minimum volume
bemg definite, an amplifier” for said telephone_*-]-} L
 waves, a rectifier to rectify said waves, said am- =
- plifier and rectifier having their inputs conneoted{ 15
in parellel and the output of said rectifier. vary-. -
ing in accordance with the volume of said tele- -~
phone waves, an impedance in the output of said
rectifier, a connection from the filament of said
amplifier to the midpoint of eeld impedance, a 20

connection from the grid of said amplifier to

edmsteble taps on seld 1:mpedenoe on elther side

of the mid- pomt thereof, wherehy a portion .of -
the voltage across said lmpedenoe may be applied -

to said empllﬁe“ t0. umformly oheoge the volume 25| o

range of the: telephooe curre ots applied to said .

~amplifier into a volume range in the ou tput hav-

ing a different energy T&tiO ¢ maximum 1o mini-
the  volume ranges being so related that

range, the connection of seid taps at velymf*r dis-
tance: fror:o the mid-point permlttlng cf eltermg

- at will the amount of change of volume range by - L
altering the proportion of the voltage in said 35, o

impedance applied o said empllﬁer and the con-

‘nection of said grid to a tap on the one: elde or
“the other of said mid-point permitting of eltermg
~the direction in which the. voltage is applied to =~
-sald ampiifier so that the change in volume range 40; o

may be made either an exDepelon or a oontrao-—

~ tion of the range as desired. =~ - e
9. In & signaling system, e souroe of eudio- R
frequency telephons ouuont waves verylng in

volume over a definite volume range extending 45-'

ESTILL I GREEN

~from a maxirnum volume 10 -8 minimum volume -
during the co*'nmumoet.ton of intelligence, the =
- energy ratio of said maximum to said minimum RN
volume being definite; an ampoﬁ;_.r for said tele- -~ =
phene waves moluchng two vacuum tubes in push--'so -

- pull relation, a rectifier acted upon by the incom- -
.~ ing telephone waves and the output of said rec-
tifier varying in accordance with the volume of =
‘said telephone waves, means for applying a volt-
age derived from the rectifier output in common 55
to the grid of the amplifier tubes in such man- - - .
ner as to uniformly change the volume range of = -
the telephone currents applied to said amplifier
~ into a volume range in the output having a differ-
imum fo minimum, the 60
volume ranges being so related that uniform in~ -
crements of volume in the new range will corre-
spond to uniform increments in the old range,
~and means for altering at will the amount of
change in volume: range by ali tering the pr oportlon 65
--of the rectlﬁer outpuu voltege e.ppl*ed to seld

B emphf;er. - |
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