Devices for Controlling Amplitude Characteristics of
Telephonic Signals *

By A. C. NORWINE

This paper describes a family of devices which automatically
respond to signals and control the circuit amplification in such a
way as to improve transmission. = Their general characteristics are
outlined, their differences explained, and some of their applications
are listed.

INTRODUCTION

HE transmission of speech energy over electrical circuits is
attended by the interesting and sometimes difficult problem of
preserving the original signal in spite of limitations in the transmission
medium. These limitations include load carrying capacity, inter-
ference with other service, noise, change in attenuation with time and
many others. Because of special limitations it is sometimes desirable
to alter the amplitude characteristics of the speech or other signal
energy without, of course, materially lowering its intelligibility. In
high quality systems the peak voltage from some speech sounds of a
given talker may be over 30 db (some 30 times) higher than from his
weakest sounds when there is very little inflection in the speech.
Loudness changes for emphasis will increase this range of intensities.
Ordinary message systems do not have to contend with quite so wide a
range of instantaneous voltages from a single talker, but different
talkers under extreme terminal conditions produce about a 45 db range
of average voltage, which is additive to that for a single talker. Conse-
quently, a voltage range of about 70 db (over 3000 to 1) must be
considered for message circuits.

In order to accommodate such ranges of intensity to certain trans-
mission media such as radio links a new family of automatic devices has
been developed. In general all of these contain amplifiers or attenu-
ating networks whose loss or gain is changed according to some
function of the applied input and which may have a variety of time
sequences in their control circuits. It is hoped that by the classi-
fication and description of some of these devices their distinguishing
characteristics and fields of usefulness will be made somewhat clearer.

* Presented at the Pacific Coast Convention of A. I. E. E. and I. R. E. in Port-
land, Oregon, August 9-12, 1938.
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We are to be concerned here principally with those elements allied to
the telephonic art, although some applications are to be found in other
fields. It is not intended to include those voice operated functions
which are essentially switching operations although the distinction in
some cases becomes exceedingly fine.

Names of volume controlled devices * which have beén used in
published papers include vogad,{' > * ¢ compandor,}* * ¢ and volume
limiter.” Without direct comparison it may not be obvious how these
and similar devices differ. First the apparent similarity of several of
these devices will be shown in simple diagrams. Next the more
important characteristics of a number of devices will be presented in
tabular form, followed by descriptions of the different types. These
will then be discussed with particular emphasis on their distinctive
qualities, with notes on their variants which have some apparent
value.

GENERAL CHARACTERISTICS OF VOLUME CoNTROLLED DEVICES

In Figs. 1 to 10 are shown simplified diagrams of some of these
devices. While detailed descriptions of them will be deferred till later
it may be pointed out that all those shown contain vario-lossers, and all
have paths from the main transmission path to control circuits which
affect the vario-lossers. A vario-losser usually consists of a balanced
pair of vacuum tubes whose gain is changed by varying the grid bias, or
of a network of non-linear elements such as copper oxide or silicon
carbide whose loss is changed by varying a current through them. In
some special cases it may be a mechanically adjusted variable network.
The word vario-losser is thus a generic term relating to a circuit whose
loss or gain is controllable. A control circuit ordinarily consists of an
amplifier and rectifier whose direct current or alternating current
output bears a chosen relation to its input. Thus some control
circuits are marginal; they produce no control voltage till the input
exceeds some critical value, then produce large control voltages for
small additional increments of input. These are used, for example,
when it is desired to limit the output of a vario-losser to a definite
amount. Another type of control circuit produces a current or voltage
which is linear with input expressed in decibels. In combination with
a vario-losser whose gain is a linear function of control current or
voltage one can produce a device whose gain is a linear function in
decibels of the input to the control circuit.

* See the footnote on page 543.

t “ Volume Operated Gain Adjusting Device."
t A combination of the names * Compressor”’ and ‘' Expandor."
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It will be recognized that if the application or removal of the control
energy is retarded, the action of the control circuit may be made quite
different on transient inputs than on steady state inputs. It will
appear later that this is the important distinction between some of the
devices to be discussed and that fundamental differences in their
functioning are thus brought about.

Referring to the figures once more it will be noted that some control
devices are connected to the transmission path at the input to the
vario-losser. These are known as ‘‘forward acting” control circuits.
Other controls, connected at the vario-losser outputs, are known as
““backward acting' control circuits. This is simply convenient
terminology to indicate whether the control energy is progressing in the
same direction as the main transmission or is progressing in a backward
direction after traversing the main path, usually through a wvario-
losser. Some backward acting controls function to measure the
output of the devices containing them and to make whatever adjust-
ments are required. Others are placed in that position to take
advantage of the vario-lossers in the transmission paths, i.e., such
controls could be replaced by combinations of forward acting controls
and extra vario-lossers.

In Table I, nine of the volume controlled devices * which have been
developed for various commercial and experimental uses are listed with
the functions of voltage, time, and frequency which are employed to
obtain their respective performances. There is, of course, some
latitude in the choice of these functions for any one device. Pending
more complete description of the different types in the following
paragraphs this table should be viewed as illustrating the general
character of the different circuits and also the range of the variables
which already have been employed. For example, it will be seen that
instantaneous voltage of the signal wave, its short time average value,
peak power, syllabic variations, and long time average power have all
been used as criteria of gain settings in different circuits. Some
devices change their adjustments only when critical values or ranges
are exceeded, while others vary somewhat with every syllable if
speech, for example, is being transmitted. Some are linear transducers
to all but low or high amplitudes while others reduce or increase the
output range from that at the input. It will be seen that proper
choices of times for gain increase and gain decrease in combination

* The names employed do not follow an entirely logical classification, but they
are given here because they have had considerable usage. For the same reason the
term volume controlled devices is used, although to be strictly correct it might better
be sound energy controlled devices, for example, for not all the devices operate in
accordance with velume as measured by the well-known class of visual reading meters
called volume indicators.



AMPLITUDE CHARACTERISTICS OF TELEPHONIC SIGNALS 543

z AMPLITUDE
IN VARIO- our 5 z & TTTT A
LOSSER [ z S
5 AMPLI-
5] TUDE A ! I
VOLTAGE = .
K+ INPUT VOLTAGE INPUT 2 AMPLITUDE
A
CONTROL LIMITED RANGE EXPANDOR Z “F‘—-t""!
LIMITER CIRCUIT
RADIO NOISE REDUCER i
FIGURE 6
IN VARIO- ouT  E z
==— LoSSER é ] —
3 AMPLI- i |
TUDE B | \
T INPUT .
> AMPLITUDE
CONTROL LIMITED RANGE ¥ B
VOLTAGE = 7| CIRCUIT LIMITER|  =COMPRESSOR  —f—— ~ —
K+INPUT VOLTAGE
FIGURE 7 TIME
N 5 N—
VARIO- ouT
==— LoSSER S ©
5] AMPLI- | |
TUDE B | |
| BIASED INPUT 5 AMPLITUDE
CONTROL T
CIRCUIT z| T\ <-£
PEAK LIMITER
FIGURE 8 TIME
= Z L J
IN VARIO- out 2 3
LOSSER =B
o AMPLI- | 1
- TUDE B | ]
HieHLY- | INPUT 5 AMPLITUDE
CONTROL g /M < ¥ B
CIRCUIT PEAK CHOPPER =
FIGURE 9 TIME
VARIO- . z
IN LOSSER outr 5 g ’ \
TWO VALUES [
OF LOSS 3 AMPLI-
TUDE C : :
INPUT
g 5| ampLITUDE
CIRCUIT Z| 4¢
CROSS-TALK SUPPRESSOR e

FIGURE 10 TIME



BELL SYSTEM TECHNICAL JOURNAL

544

sapnydwee
Y3 03
ured paxig 18m 107 § aguer nduy
~AJuo sapni *sapm) Jo red 1940
-ndure mo[ -1duwe alqeq4s Aqe[IAS SUOTIBLIBA
Je J[qeLIep pueq [ng pueq [[ny [91BI2PON mdui 3y MO[ 10} ¢ Uoea uQy J®Bd U | I[qe[[4s ey JIqe[[AS ((JopuedXy aBuey pawiry)
I20NPay ISION OIpEY “§
Tauueyd
puERquIW | puBqRNU ajeredas
Auo 10 ATuo 10 A[uo 19A0 [01JU0D
apnmydwe Adouanbaij Aouanbaily 1opuedxa 10
Y31q 10 [y USTH 93T op onwp op op op op op 1opuedwo) [epadg 2
nduy
'ropuedxa el
ndino 701§ aqe[4s Aqe[4s JIqE[IAS JB SUOIJBLIBA Iopuedxy -¢
v pueq [[ng pueq [[nqg adie] | aossaxdwo) c/1 ozt yoea uQ) Y2ed uQ SNONUIuo) Aqe[lAg [Tt Jossaidwo)) ‘v
1opuedwo)) ¢
spouad
Jua[s Ul
JA0QE ured ~xew
A[uo -yutod spiom sayodeoxddy 2duer ndur
apnjydiue 23je12dO arowr snonunued “juanbaijur j0 1red 1240
qIIH pueq [Ing pueq [ [s1RIapO] mdinoe 3y 03 dn | | 10 3UO 13}y PUE MO[S A1RAIIE[Y [QWN[OA BRIdAY |* " 12U WN[OA *Z
suofssTur
spiom 0T 03 -SueI}
paijiur SPIOM | g S2WIIAUIOS usamiaq
-Suel} ndino alour —SpIoM paxy uren
v pueq [ng pueq [nJg adie-] | pue jndut 3y | @ -xorddy | 10 2U0 1235y M3 B 193V -juqnbaryuy [ewnoA aBeraay |* oot peSop ‘1
uonINpay ISBIIOUT
uonedQ Jefuey uren uren
Fusne) WW.HMNU pafo13u0) *_w_wwch §jo13u0) ndug Juaunsnipy 4Aq
a8uey 280 2 aluey S8u 2 J0 03 aguey - jo pafeaiuc) g
andu] fouanbayg | Aowanbazg | Sint | wenmog ndino sagumyy uren £ousnbarg ures
Jojreq jo oney 103 paxmbayy o],

SEDIAE(] UATIONLNOD) TAWATOA 40 SOLLSINALOVIAVH))
I 9T1dVL



AMPLITUDE CHARACTERISTICS OF TELEPHONIC SIGNALS 545

039 ,‘adejjoa

‘1amod

21qe[4s,, ,,‘aWn[oA,, “ZIA :3INSBIT SIIMIIID [0IIU0D 9A1303dS31 9y} SE SJIUN JWES I} Ul paInsedw Je saSuel asay) eyl ajou o} Juertoduwrr st iy |
. 'S1931wI,, 01 parjdde sawmjoA 1ay3iy oy 3d30xa $1IINPSUEI} JEIUL| A 0} PUI] SIVLASP 3y} JO Jsow saguel asay] ApIsIng ,
I9SS0[-OUIBA Z pue g/1 sno afei[oa
v pueq ([N | Ppueq [N [23RISPOIN | Y3 [e1dalu] | A[UEUIPIO | -9UBIUEISU] [SNOAUBJUBISU] | SNONUNUOD) | SNOIUBUBISU[ [19)003] ISIIAU] PUE I200Y °6
Aymun a8uer ndur
anfea moy -U028IP ur Mof an[ea
pagads Tews J0 Jurod SpIOM OMm] juanbaiy Paygmads e 3ul
A0QE [V pueq [ng pueq [[ng A1 ndut 1y |18 1dadxa [ | 10 3uo 191)y 158 A]2A13B[3Y | -paa3dxa afe3[op | ° - - Jossaxddng j[eIsso1r) g
0 uat3
‘jurod
apmydwe Tjews aje1ado sno juanbaijur a8ej[oA yead
Y31 pueq [[ng pueq [[ng A1ap ndur 1y 03 dn [ |-2uejiu BISU] [SNOIUBIUBISU] ApPAneRY snoauejuRSUT |" T *1addoy) jead g
0
sayoroad
-de uayy
Auo ‘Jurod
spnyrde ) ajerado Iqe[IAS piom suo
y31y pueq ng pueq g rews ndino 1y oyjdn | aduis uQ moqe 1333y juanbaapuy [ syead oiqepAg [~ I JeRJ ‘9
1 uayy-
‘71 0}
sapnjndure 0 Uyl sfuer a8uer ndut
dje[palr ‘jurod Funeiado 1o Jed 1940
~Iajul ndino aerado Yl UM SUONBLIEA
10 y3ryg pPueq [[ng pueq [nJ [rewg 10 ndui 3y o1dn | 158, ISBM | 21qEB[14S yory 1qe[[AS [10ssa1dwo)) afuey pajwIy *§
uorINpay aseaIou|
uoneradg Jo8uey ures) uren
Suisnen) quqwﬂmu PpaIonuo) *Wwﬂc_oh sjorjuoy) Jnduy Juaunsnipy £q
a8uey asue 0 BRI a3u ) jo 03 aduey jo paionuo) ERIRETg |
nduy hununcwp q Aduanbaig uEﬂ._mwwf uonisog mnding safueys) ures Aousnbarg uren)
30 3reg - Jo oney 10j panmbay awr]

(panuruo)) 1 ATAV.L



546 BELL SYSTEM TECHNICAL JOURNAL

with certain gain control criteria make possible a wide variety of signal
altering means to meet different requirements.

DescripTioN oF DEVICES IN TABLE I

With this introduction to the combinations of characteristics which
are possible it should be less difficult to distinguish between the specific
devices discussed in the following paragraphs, which, in addition to
describing the devices, contain some comments which should assist in
visualizing their forms and their operation.

1. The wogad (Fig. 1) is a device which will maintain at its output
speech volume! which, over a certain range of input, is relatively
independent of the speech volume applied to its input and which, in
the ideal case, will not change its gain during periods of no speech input.
It makes little or no alteration in the ratios of maximum and minimum
instantaneous to average voltages of the speech.

2. The volume limiter (Fig. 3) is a device which is a linear transducer
for all speech volumes up to a critical value, beyond which all input
volumes produce essentially the same output volume. It is essentially
different from the vogad in that its gain approaches the maximum
value when input is removed.

3. The compandor (Figs. 4 and 5) is composed of a compressor and an
expandor. A comgpressor is a device whose input-output characteristic
on a decibel scale has a slope less than unity * and whose gain or loss is
variable under control of the input energy at a time rate which will
permit it to follow the syllabic rate of change of speech energy. Simi-
larly, an expandor is a device whose input-output curve has a slope
greater than unity and whose gain is variable at a syllabic rate under
control of the input energy. Thus very shortly after all input is
removed the gain of a compressor is maximum and the loss of an
expandor is maximum. The reciprocal of the compressor characteristic
slope is spoken of as the compression ratio, and the slope of the ex-
pandor characteristic is spoken of as the expansion ratio.

4. The radio noise reducer 8 9 (Fig. 6) combines the functions of an
expandor which operates in the range of amplitudes where noise and
weaker speech sounds lie and a linear transducer which comes into play
for all amplitudes exceeding a critical value, which can be set to best
suit the atmospheric noise conditions. In other words, the radio noise
reducer is a limited range expandor. Inputs which are below the
expandor range are subject to transmission at the minimum gain.

5. The limited range compressor (Fig. 7) is a device whose operating

* That is, if the input increases by x db the output increases by less than x db.
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range includes a region within which compression at a syllabic rate can
take place; at other inputs the device is a linear transducer. Its
connecting diagram and time functions are the same as those shown in
Fig. 5 except that the control circuit contains a limiting device, so that
compression takes place in only a portion of its input range, analogous
to the action of the limited range expandor of Fig. 6. As a special case
the limiled range compressor may have no linear range above its
compression range, thus becoming one type of peak limiter.

6. The peak limiter (Fig. 8) is a device whose gain will be quickly
reduced and slowly restored when the instantaneous peak power of the
input exceeds a predetermined value. The amount of gain reduction is
a function of the peak amplitude, and in practice is usually intended to
be small to prevent material reduction of the range of intensity of the
signal. :

7. The peak chopper (Fig. 9) is a device which prevents transmission
of peak amplitudes exceeding a critical amount, an essential charac-
teristic being that the loss it inserts is completely determined by the
instantaneous voltage of the signal. That is, its operating and
releasing times are substantially equal to zero.

8. The crosstalk suppressor (Fig. 10) is a device which normally
presents a prescribed loss to transmission, which loss is removed
rapidly when the input amplitude exceeds a certain threshold and is
reinserted at a definite time after the input is removed. It reduces low
amplitude unwanted currents such as crosstalk but does not affect
amplitudes in the useful signal voltage range. This device differs from
the limited range expandor in that the time during which the low loss
condition is maintained is considerably greater, so the transition from
one gain to the other occurs less frequently.

9. A rooter is an instantaneous compressor. Such a circuit can be
made to produce an output whose instantaneous voltage is, for example,
the square root or some similar function of the instantaneous voltage
applied to the input. An inverse roofer is an instantaneous expandor
whose characteristic is complementary to that of the rooter. A
combination of rooter and inverse rooter will reduce the load require-
ments on a transmission system between the two units but requires
that it transmit a wider band of frequencies than that for the original
signal, and that it be essentially free from phase distortion. This does
not seem to be an attractive arrangement from a commercial viewpoint
and is included here simply as an illustration of one of the possible
modifications of signal energy. It is not shown in the group of
diagrams.
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VARIANTS TO THE DEVICES DESCRIBED

In addition to these there are various devices which are essentially
modifications of those described. For example, a half-vogad, Fig. 2,
may have the same time functions as a vogad, Fig. 1, but the gain
changes in the transmission circuit are half as great for the same range
of input volumes. Thus in a vogad the range of gain changes in the
transmission circuit is equal to the range of input volumes, so that the
output volume is the same for all input volumes. In the case of the
half vogad the range of gain changes in the transmission path is one-
half the range of input volumes, so the output volume range is one-half
that of the input. It is also possible to construct a vogad whose output
volume range is any desired fraction of the input range. As another
example of modification of the devices described, for special appli-
cations it may be desirable to incorporate a certain amount of syllabic
compression in a vogad.

Communication circuits which have separate paths for oppositely
directed transmission between the two terminals are usually operated
at such an overall loss that with ordinary terminations there will be
little tendency for circulating currents to build up to a “singing"
condition. Sometimes there may not be a great deal of margin,
however, so that volume controlled devices added to such circuits must
add loss at some point to counterbalance whatever gain is put in at
some other point. Thus a vogad inserted at the transmitting side of
one terminal of such a circuit to amplify speech energy from weak
talkers must be supplemented by a “reverse vogad” in the receiving
side of the circuit. The reverse vogad is simply another vario-losser
which is operated upon by the vogad control circuit in such a way that
it always has a loss numerically equal to the gain of the vogad. Any
vogad gain will be compensated by the reverse vogad loss, so no
greater tendency to sing will be effected by the addition of the combi-
nation to the circuit. In like manner half vogads must be used with
compensating reverse half vogads.

Combinations of some of the devices also have interesting charac-
teristics. For example, a combined radio noise reducer and peak
limiter at the receiving end of a circuit would suppress noise and would
also reduce the amplitude of excessively high amplitude signals.
Likewise, a vogad, compressor, and peak chopper in tandem in the
order named could be made to reduce the range of input signals by a
very large amount for transmission over a medium having only a small
range between noise and maximum permissible signal. In this case it
would be practically impossible to recover the original signal range at
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the receiving terminal of the medium, but the intelligibility of speech
over such a system has been shown in the laboratory to be good.

Special compandors for high quality service may require compression
and expansion which vary with frequency. The exact characteristics
will depend upon band width, program material and transmission
medium. For transmission media in which the noise reproduced at the
receiving end is principally at the higher frequencies an unusual effect
is obtained if the usual variety of compandor is used. Low frequencies
unaccompanied by high frequencies will cause a gain change in com-
pressor and expandor, thus changing the background of high-frequency
noise which is not masked by the low-frequency signal energy. The
resulting swishing noise has been given the onomatopeeic name of
““hush-hush effect.” To avoid this, recourse may be had to split band
compandors in which the compression and expansion is done only at
high frequencies or separately for low and high frequencies. The
successful application of the latter method is, however, more difficult
than it appears from its simple description.

DisTINGUISHING CHARACTERISTICS

It is important to distinguish between the half vogad, Fig. 2, and
the compressor, Fig. 4. As shown in Table I the latter operates on
syllabic variations and the former on the average volume of the input.
Thus the half vogad reduces the range of output volumes to one-half
that at the input while the compressor reduces the range of syllabic
power at its output to one-half that at the input. In other words, the
compressor reduces the ratio of peak to average power on constant
volume speech, while the half-vogad simply adjusts for that volume and
does not alter the peak ratio. There is, of course, the additional
important difference that the half-vogad retains its gain setting during
silent periods while the compressor, by virtue of having followed the
syllabic power, has its maximum gain during silent periods.

Volume limiters, Fig. 3, may be mistaken for vogads, Fig. 1, because
during speech input above a certain value the two may produce the
same output volume. They both employ something like a measure-
ment of average power over periods longer than a syllable to determine
their gain settings. The important difference is that a vogad retains
its gain setting when speech currents are not present, while a volume
limiter approaches its maximum gain during such periods. In terms of
the output resulting from a range of input volumes there is another
important difference if the volume limiter operates over only part of the
input range: the vogad reduces the width of the distribution curve of
volumes to a very small value, while the volume limiter moves all the
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area under the distribution curve above a certain point to the region
near that point, which is its limiting volume. This is illustrated in
Fig. 11, in which the calculated modifications of a volume distribution
by a vogad and by a volume limiter are shown. In the cases ' without
volume control "’ and ‘“‘with a vogad '’ the distributions are normal, and
the standard deviation, o, has its usual statistical significance. With a
volume limiter, only volumes above the limiting volume are affected,

WITH VOGAD
(o =1pB)
—————— WITH VOLUME LIMITERS
(=1 DB FOR VOLUMES
ABOVE 0, +4,AND+7DB)

WITHOUT
VOLUME CONTROL
(o=7 oB)

RELATIVE FREQUENCY OF OCCURRENCE

!
=15 =10 =5 Q 5 10 15
VOLUME IN DECIBELS FROM MEAN VOLUME

Fig. 11—Modification of volume distribution by use of a vogad or a volume limiter.

and these higher volumes are redistributed according to a normal law
whose standard deviation is 1 decibel, as stated in the figure.

It is also important to distinguish between a peak limiter and a peak
chopper, Figs. 8 and 9. Naturally they resemble one another since
they are intended to permit transmission of signals at higher average
amplitudes without excessive loading of transmission circuits. How-
ever, they are intended for different classes of service and hence are not
interchangeable except in some borderline cases. For the highest
grade of transmission harmonic production must be negligible and the
reduction in amplitude range of signals small and infrequent. Gain
changes must be smooth, though rapid enough to compensate for
practically any input wave to be expected. These characteristics are
found in the peak limiter now being furnished for use on program
networks and radio transmitters.’" ' For services in which it is
desirable to maintain the signal energy at a high value to over-ride
noise and in which harmonic distortion must be kept low a peak
limiter with somewhat smaller time constants may be used. A high
ratio limited range compressor might be suitable in this instance.
This device would lower its gain a little more quickly on excessive
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inputs, and it would also reinsert its gain much more quickly; it would
affect the naturalness of the sound of the signal more than the slower
peak limiter but it would also cause the signal to over-ride noise some-
what better. In a third variety of service the harmonic distortion
introduced by a limiter is a secondary matter, the prime consideration
being that the peak amplitude of the signal shall not exceed a specified
value. This may be because higher amplitude signals would produce a
tremendous increase in distortion or crosstalk into other channels or
would damage expensive equipment farther along in the circuit. For
these cases we may use the fastest possible type of limiter, the peak
chopper, which simply cuts off any peak exceeding a certain value.

The crosstalk suppressor, Fig. 10, is a splendid example of the fine
distinction between volume controlled and voice operated switching
devices. This device has been described, but in the present state of
the art its time functions have not been definitely fixed. If the
characteristic of loss versus input is made steep enough and the speed
of operation fast enough it will sound like a switching circuit and may in
fact be replaced by a relay-switched attenuating network. If made
somewhat slower and given a smaller slope of loss versus input it
approaches the limited range expandor or noise reducer.

APPLICATIONS AND EXPECTED ADVANTAGES

It may be of interest to give some approximate figures on the
magnitudes of the advantages to be obtained by the use of some of
these devices. It will be understood that the values to be given are
simply illustrative, some having been obtained from field service on
particular models and some from tests on laboratory equipment under
special conditions.

Vogads appear to be most useful in such circuits as transoceanic
radio connections, where it is important to properly operate the
terminal switching equipment and to transmit over the radio circuit
speech energy from loud and weak talkers equally well. It is essential
in such cases that noise should not be increased in amplitude during
speech pauses, hence the gain retaining feature of the vogad. On such
a circuit a vogad will reduce a 45 db volume range to about 2 to 4 db.
This is equivalent to expert manual volume control.

Volume limiters are in use at the present time to prevent peaks of
speech energy in carrier circuits from ‘‘splashing” into telegraph
channels.” Some 5 to 10 db limiting is allowed on loudest talkers,
which causes little degradation of the speech channels but makes
possible the use of telegraph on the same carrier system. There is no
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wide-spread use of volume limiters in point-to-point radio service so
far, but in cases in which there is no disadvantage in raising noise in
silent periods in speech, such as in push-to-talk installations, proper
transmitter loading can be obtained with volume limiters fairly
cheaply.

One commercial model peak limiter, used as part of a program
amplifier 1 1! is capable of introducing a considerable amount of
compression without overloading on peaks, but for the preservation of
adequate program volume range it is being recommended that only
3 db peak limiting be allowed. This, of course, reduces the range of
intensity of the program, but from the standpoint of the listeners it is
equivalent to doubling the transmitted power or obtaining the same
signal-to-noise ratio with half the transmitted power.

Limited range compressors might be used either on land lines to
insure full loading or on radio links whose fading is too severe to permit
the use of normal compandors. There is no commercial application of
either sort at the present time. Peak choppers are, however, used on
some high power radio transmitters which might otherwise be tempo-
rarily disabled by high peaks in the signal being transmitted.

The chief usefulness of compandors is on radio links in which the
transmission of a compressed signal with subsequent expansion permits
operation through higher noise or with lower transmitter power. Ona
long-wave transatlantic radio telephone circuit a compandor with
40 db range has been shown to allow an increase in noise of some 5 db
before reaching the commercial limit.* With smaller amounts of noise
the noise advantage of the compandor approaches half its range in
decibels. This benefit is sometimes applied to a reduction of trans-
mitter power.

Radio noise reducers have been used to advantage in connection
with short-wave ship-to-shore and transoceanic radio telephone
service. In the former, routine transmission rating is given on a
judgment basis using a merit scale from 1 to 5, 5 being practically
perfect transmission and 1 so poor that intelligibility is very close to
zero. It will then be seen that the observed improvement of 14 to 1
point in transmission rating due to the noise reducer is of considerable
importance. Perhaps more graphic figures are those for transoceanic
service, where the reduction of noise in the receiving path not only
reduces the noise heard by the listener but also improves the voice
operated switching with the indirect result that at times receiving
volume increases of 5 to 15 db are realized.®

As has been noted, the radio noise reducer is a special use of an
expandor alone. There are also two interesting applications for a
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compressor alone. The first, which uses a fairly high ratio of com-
pression, has been mentioned as one type of peak limiting device. The
second, using a moderate ratio of compression, is in connection with
announcing systems for use in very noisy locations. Its effect is to
amplify weak sounds more than strong sounds, which considerably
improves the intelligibility through high noise. For quiet locations it
is of less value, since the speech sounds lose some of their naturalness in
this process.

CONCLUSION

In the course of developing various types of the volume controlled
devices which have been described means have been worked out for
providing almost any combination of time constants, range of control,
and other characteristics which may be required. Some devices for
which there were specific commercial applications or useful functional
characteristics for experimental work have been constructed, with
resulting advantages which have been briefly mentioned. There
remain many possible ways to alter the characteristics of signal energy
such as speech to which these methods are applicable and which await
the special needs of new transmission problems.
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