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This invention rehtes to 510*11‘11 transnns-_

sion systems, and. partlculally to-a method

of operating such systems to minimize the
effect of noise upon the signal wave being
g transmitted, the said method being char &ctel -

1zedd by an mtentlonal prechstortwn of the
signal wave, and the restoration to its normal

form after 1ts transmlscsmn over or th1*011011 a

medium. The invention may be apphed to

voice frequency tl*ftmmlssmn systems and to

~carrier or radio systems.
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;eaﬂt
_.cons:-',lstq 1 predis
the transmitting end-in such a manner as to

in the transmission of swnals over a. swnal :
transmission systemn, such as a_carrier or

radio system, it is desn'able n order to avoid

distortion, that the svstem shall have the

same over-all equivalent. at all frequencies

within the range to be transmitted. In the
systems hele’foime employed, an effort has
- beon made to provide in each part of the sys-

20

tem, including the parts subject to external

sources of noise, SubstintmTlV distortionless

transmission of the frequencies in the signal-
ing wave. It is well known that undel nor-
mal conditions : some of the frequencies in the
original signal wave contain larger amounts
of energy than others, and that the energy-

_frequency distribution may be further dis-

torted durmo the converslon in the tmnsmlt—
ter from air waves into electrlcal waves. In

the. ordinary transmission system the non-

uniform dlqtrlbutlon thus obtained in the
transmitter .is preserved to a gr eater or’ less
extent throughout the svstem

- This 1nve11t1011 resides In o method of op-

1storting the signal wave at

ensure a practically constant amplitude for
all flequenmes in the signaling wave and in
restoring the transmitted wave to its original
form at the receiving station by a distortion

hat is the complemeut of the dlstortlon at
the transmitting station. |

_In a transmission circuit involving a send.-
ng terming U, a line or tmnsmlqglon circuit,

-and a recelving terminal, there are often one
S or more pmn=s at which oain is introduced
in :the circuit, uqually bv means of vacuum
tube amphﬁer
nite load-carrying capamty Also._, those 011*-_

which, of course, have a defi-

Iigs. 1a, 15, 1¢ and 1d are g _
mg the mea,hf}d m which the invention is em-
.budle}d Fig. 2 represents schematically a
radio (,11011113 embodying the invention, and -
Figs. 2a, 20, 9¢ and 2d are graphs illustrat-

ting source of speech frequency signals.
outpuf of the set 2 after being transmltted-" )
-850
with .the ‘distortion HBLWOI’k 8 ‘having the
“characteristic shown in Fig. 15, the nature_' S
~of which wili be fully e&plamed her inafter.
" The output side of the network is connected

ng a signal transmission system, which

927 Serlal No 193 90?
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cuits are inva rmblv 1Tectec1 by 1’1013& from |

external s soul Ces.

Such- a circuit is usually

arrangea so that the amphﬁmtmn introduced L

183} Ehe cncwt will maimntain the transmission
lavel %afﬂcreudv ,.115;;11 to override such noise.

T have tound that in such a circuit the energy

lovels may be better distributed and the effec-

e“’iC" ently: emploved ‘with less over-all inter-

rerence, if there is provided at the sending
end of the circult a certain transmission- fre—j

tive carrying capacity of the amplifier more

-_6_0 .

quency distortion, and similarly-at the re-

celving terminal a comp]ementary frequency-
cu'stmtmn? both properly related to the vol-
wme-irequency characteristic of the transmit-

65

ting source and the noise- frequency charac-g;

teristic of the disturbance.
‘The invention will be clearly understood

-fr m the following description when read in

connection with. the attached- drwmn's of

which Figure 1 shows schenmtlca,lly a, Vome-

0

frequency circuit embodying the invention;

ing the apphcatwn of the invention in Fig. 2.

raphs illustrai-

:. 1‘5 - ._

In 14 12,1 at terminal A, the tr‘msmltter 1

ta&*ether Wlth a substatlon set 2, (consmtmﬂ'_
of the mdmary substation: appalatus, Te-

peatmo coils, efec.), represents a transmit-

through. the subscriber’s loop 1S connected

with the amplifier 4, which in turn is con-
nected with the hine cu‘cmt 5, 11avmn* therein
- a plurality of amplifiers Such as 6 fmd {, the
purpose of which 1s to maintain the level of
the transmi ted signal well above the nmse'

level of the line, thereb‘v rendering the sig-

Thﬂ line cireuit 5

The

80

90

nal free from in tﬂrrerence due to the noise.
is connected at the receiv- -

o terminal B with the amplifier 8, which

'. in turn is connected with a d1swrt10n net-
.‘W’Ol‘k 9 Lhﬂ e 1&1‘3{:1361*1@1(: of Whlch as. s‘mwn_-_ ‘-

ML




~ tection of the signal which is impressed upon
the receiver 11,

sentlng a one-way circuit, has been used for

in Fig. 14, is complementary to that of net-
work 3. The output of the network 9 is con-

nected with a substation set 10 for the de-

The arrangement, repre-

~ the purpose ot Slmphfyma' the description of

10

. 20

ing with frequency such as is shown in Fig.
'16 the output of the amplh

wﬂl be substantially constant for all fle-_--
 quencies within the desired range, such, for

29

the invention, but it is, of course, to be under-.
stood that two- -way swnalmo* may be eﬁec ted
by well-known means. -

The manner in which the s ysz,em operates

in order to insure the same over-all equiv-

alent at all frequencies 1s as follows: As
stated hereinbefore, the volume- frequency
characteristic of the subset 2 is as shown in

Fig. la. This characteristic SLOWC‘ that the

~ maximum volume of enewy 1s in the neign-
~ borhood of 1,000 cycle

be assumed that the noise-producing inter-
ference has a substantially uniform distribu-
tion of energy with respect to frequency. 1
have found that by introducing a loss vary-

er 4 to the hne

~ example, as that of speech This loss may

30

'- chfmn'es 1n Volume as shown in Hig. 1.

- shown in Fig. 1¢, will be substantially con-

be produced by a network 3 having the char-
acteristic shown in Fig. 16. As the curve

shows, the network produces the maximum
loss.at 1 000 cycles, and for frequencies high-

er or lower than that frequency, the loss will
vary with frequency in proportion to the

1elatwe volume transmitted to the line, as

~ stant, and the line amplifiers will be loaded to

40

the m%mmum extent at all times.
quencies remote from the point of maximum

subset output will be maintained at a higher
level than 1s practicable if the circuit is oper-

‘ated in the usual manner with the mMaximumn

45
SR § OOO cvcles
_cn*cmt, a complementary dlsto “tion must be

i
S

levels limited by the carrying capaclw of the - ;

repeaters for a relatively narrow frequency
range, such as that m the nei iohbor] 100¢0 OT
‘At the receiving end of such a

introduced in order to restore the transmitted
signal to its original form. This is effected

-by a. network 9 hwuwf o loss-frequency char-

- acteristic, such as 1s Iem"esented by Fig. 1d.

e
i

An msnectmn of this figure shows a mlm-'
mum loss in the nemhbo*hood of 1,000 cycles,:
and “greater loss for frequenmes above and
' below that frequency. It will therefore be
‘apparent that the energy impressed by the

 amplifier 8 on the network 9 will be frans-

mitted through the latter with the various
“frequencies h.;wmn Josses represented by the
characteristic 1d, so that the restltant v

impressed upon the subset 10 and detected

‘thereby will have the characteristic shown
1in Fig. 1a, which is the ehmactemstm of the

. | tmnsmltted Slo*nal

85

The armnﬂ*ement Shown WO’lﬂd ‘1180 be ap-{

Hurthermore, 1et it -

The.

The tre-

ther ef"‘}l

wave

- 1,'819,_054 '

]ﬂlmbie where it is desired to override a noise
having a particular characteristic, as, for ex-

-ﬂampluﬁ a constant single- flequency tone. In

such case, the transmission distortion would
be arranged to prmrlé' a particularly high
ain. f01 the interfering frequency range,

.Lm&,, n a wmplemeﬂtary manner, a low re-

CBIVL;D oaltl.
Tt will be obths that the lme circult b

'nmy, if desired, be one of the channels of a

carrier telephone system, including the nec-

essary aparatus tor I“lOdUL‘{LthIl demoduh-

tion, etc. |

The arra Tlﬂement shown in Fig. 2 1illus-
trates the appimation of the invention to a
radic transmission system. In this figure,
the transmitter 1 at terminal A forms part
of a substation set 2, the output of which is

con"mcted with a distortion network 3, which

n turn is connected with a radio frequency
| t ansmitter 12. _
is-assumed to be of the “high-quality” type,
producing substantially no dlstortlon in the

TIn this case, the transmitter

air waves comprising its input. 'The output

of this transmitter is connected with the an-
tenna 13, which radiates the high frequency

signal to A recelving antenna 14 assocated
"Wlth the termmal B At this station, the

antenna 14 1is connected-with a radio receiver

15, the output of which is connected with the *
| cml set 10, the cannectmn including a distor-

tion network 9. The output ot the subset is
connected with the receiver 11. In the system

illustrated, the relative energy distribution

at varicus irequenolea of speech may be as

represented in Fig. 2a, wherein it will be seen

that the maximum energy is in the lower
iy *equem, es.

By the use of a network 3 hav-
ing the loss-frequency characteristic shown

in Fig. 20, the relative volume of the trans-
xmttel outpvt will be substantially constant

for all the tmn smitted frequencies, as shown
in Fig. 2¢.

characteris tlc as shown in Fig. 2d. As this
houre S}WOW‘% the ﬂ*reatest loss 1s thr 01:10'110111;
the higher frequency range. “The result

the net W’OT %k will be modified thereby, and the

Tesultant wave impressed by the subset 10

t the receiving terminal, the re-
ceived energ ov is detected and i 1mpr essed upon
the netwo: k 9 which has a loss. frequency -

, 18 that the energy 1mpressed upon .

80

85

00
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“upon the lecewer_,_l will have the form of the -

transmitted wave, as shown in Fig. Q2a.
It is obvious fmm the feregoing descrm-

'ton of the use of di stovtwn networhs N ClI-

cuits that the networks employed may be de-
sioned to tale care also of the distortion in-
10{2:1“(36{‘1 in other . portions of the circuit,
such as lines, antennee, filters, ete., in order
that the net over-all transmission character-

istic from transmitter to 1ecuver w111 be
' 5ubstm 1tially flat.

While the invention has been dlsclosed as

embodied in particular forms, it 1s obvious,

130
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‘of course, that it is capable of embodlment in

other and different forms without departing
from the spirit and scope of the appended
claims.

What 1s elfumed 1S:

1. The method of transmission W’hlGh con-

sists 1n distorting the signal wave 1n order - ¢

to obtam apprommately the same level for
all frequencies within said wave and intro-
ducing a compensa,tmfr distortion at the re-
celving end. -

2. In a transmission. S"jrstem the combina-

tion with a translating device having a defi-
nite load limit, of means for distorting the
mgnal wave to be | impressed upon said device
in order to bring the level of each frequency
of said wave up to the maximum level for the
apparatus included in the system.

3. In a signal transmission system the com-
bination with a transmitting station of a re-
cewmg station, a medium connectmo' the sald

bt‘ltIOHS the sald tI'ELIlSH’llttlIlC" St.;ltl{)l" com-

prising means to create a sig nal, and means to

distort the said signal to ensure a practlc%lly_

uniform amphtude for all frequencies pres-

ent 1n the said swnal and the said receiving

station comprising means to introduce a com-
plementary distortion in the received signal
impulse to restore the impulse to the same
form possessed by it prior to transmission.

4. In a signal transmission system the com-
bination with a source of ener oy the volume
__of which varies with frequency, of a trans-

mission medinm over which the energy 1s to
be transmitted, an amplifier connected be-
tween the said source and the said medium, a

distorting network counected between the
said source and the said amphﬁer to intro-

‘duce a loss 1n the transmitted energy, which !
ize the energy level of all frequencies 1m- I

loss varies with frequency directly with the
variations in volume as created by the said

sourcee, another distorting network. also con-
'nected with the said medmm to introduce a
Joss in the energy as received, which loss

5 waries with frequency mversel‘}f with the
the said

variations of the loss produced by
first mentioned distor ting netwmh thereby
restoring to the said energy the wave. form

| possessed by 1t at the said source. .
5. The method for mamtammn the, over-

all transmission equivalent of a sig onal cireuit -
substantially the same for all frequencles--

within the range transmltted which consists
in distorting the signal prior to transmission
so that the volume of energ oy for each fre-
quency will be the same, tI‘ﬂIlSl’ﬂlttlI]U the sig-
nal as thus distorted, and distorting at the re-
celving end of the system by mtroducmﬂ' such
es as are necessary to restore the Slwnal
energy to the form possessed by it prlm to its
dlstortmn before transmission. . -

The method for maintaining the over—

511] t1 ansmission equivalent of a C;wnal cirenit

substantially the same for all frequencies

_‘Wlﬂ’llll the range transnutted Wthh consists

i dlc«tortmcr the; swnal prior:to tr‘msmlsblon” _
~so that: the Volumﬂ- of energy for each fre-
"quencv will ‘be the same, introducing a loss
to the ¢ rcmt at its transmlftuw end which
loss varies with frequency dlrectly Wlth the o
v mmbmn of:the volume of energy - with fre— o

0

jency, amphivmﬂ* and: tra,nsmlttmﬁ‘ thesig-

"'zml as thus modified, recciving the, 510'1111 a,nd_'
1 ntm fucImg: a; loss 1111;0 the said cir omt at the
varies -with fre-
quency 1n wr..-:ely with the cor 1"@51)011(11110* loss
variations cLL the t ansn'nttnw end ot the smd

rer‘-ewnw end which loss s

cn'cu 1t.

The method for mfuntammcrthe over—all.f
_LI:.LHSIH‘S.QIOD equivalent of a swnal circuit €
substantially the same for all frequenmes_
within the range transmitted, which consists
-111 creating a signal comprising a band of

frequencies, the volume of energy of which

varies with frequency, distorting the said .
sicnal by introducing a loss Wthh Varles_

with fr equency dlrecthr with the variation

~of the relative voluune of energy of the signal
at 1ts source with frequency, ampufymn and o
transmitting the said energy, receiving the -90 _

said energy “and distorting 1t by mtroducmt‘r'

a loss which varies with irequency 111versely. .

with the loss variations in the first mentioned
distortion step, whereby the signal energy is
restored to the form possessed by 1t at 1ts cre- -
ation, and deaect ng the smiml as thus 16-. “
stored. - . o
' 8. Inan electrical transmission system, the
combination with a translating device hav-
source of oscilla- %
‘t.ons connected with- smd device, capable of
simultaneously producing a pluralh v of fre-

ing a a {ixed load Iamit, of a

quencies, and means 111te1"posed between sald |

device and said source to SHbSt‘Ll’ltl&ﬂV equal-

pregsed by the source upon said device.

165

9. In an electrical transmission sy stem, the

combination with a transmission circuit for
transmitting electrical waves having therein

a translating device through which electri- 110

cal energy may be passed at a fixed level

without distortion of the electrical waves, of
a source of oscillations of a plurahty of fre- -

quencies and means connecting sald source to
the said transmission circult to Substantmllv-

115

equalize the energy level of the OSClllatIOIlS_w- '

applied by the source to the. transmlssmn
circult.

"10. The method of operatmfr an electrlcal- :
transmission system having therein a device I

20

having a fixed load limit, “which consists in -

aenerating oscillations of 2 plurality of fre-

quenciles, equaL?nw the energy level of said =

GSC! llaimm and simultaneously impressing
upon a transmission circuit the oscillations

of all frequencies as thus equalized for trans-

mission thereover.

11. The method of eper atuw* an electr}.cal
transmission svstem having therem a trans- -

lating dewce ‘mwng a 1l Xed limit for the 130




transfer of energy w1th0ut distortion, which
consists in creating a signaling wave contain-
ing a plurality of frequencies, equalizing the
energy level of all frequencles of said wave,
and 1mpressing the frequencies as thus equal-
1zed upon the translating device for trans-
mission over said system. o

- In testimony whereof, I have swned my
- name to this speclﬁcatlon this 23rd day of

\Iay, 1927
IIERMAN A AFF EL.

15

20

30 -

6o

w



	Drawings
	Front Page
	Specification
	Claims

