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1
+This invention relates to-a:limiter system for
-effectively. reducing. static. angd: noise and-the-like
interference, in the reception of radio. :signals

and is-a- continuation in-part.of my copending -

..application, Ser. No. 606,415, filed July, 21, 1945,
which matured into U. S. Patent No. 2,418,389-on
April 1, 1947.

The principal object of the-invention:is to:pro-

“vide a limiter-with which diserimination may be ..

-attained, within reasonable limits, between signal
and noise in periods:of strong static, particularly
-during .the: reception of relatively weak signals.
* . The invention :is. particularly -adapted for:use
in-the reception of*voice -modulated-carrier-sig-
nals to.improve the:clarity-of speech which:other-
wise-:would" be distorted; or partially or wholly
‘masked, by the interference.

- In accordance with-the-invention, an-improved

10

15

system is -provided -comprising in:-combination -

severzl.component electron:tube eircuits: and: ar-
‘rangements; some-of which-are-broadly old:in:the
art, others specifically:new.

(A feature of:the invention :is-the- provismn of
both direct and inverse:coupling for:signaland
static-from the signal detector to-the audio sys-
‘tem:of a receiver:in such manner-that: the static
-peaks are:not only- limited but:are also inverted.

A preferred embodiment - of: the invention in-
cludes & -pair- of -electron: tube: rectifiers “which
are--adapted tfo supply: half-wave -rectification
components of ‘radio-frequency carrier and mod-
ulation to an electron . tube reversing:repeater
for producing an opposite-polarity.replica:of said
components, two coupling circuits (direct.and in-
verse) for coupling-the opposite’ polarity recti-
fication components, :a limiter tube in-each.of
sald coupling circuits; means for establishing gate
‘voltages determining the-cutoff levels.of‘the:lim-
iter- tubes: and means: for -coupling: the -final:out-
‘put to:the audio-system of-a-radio receiver:
~. A complete -understanding .of -the  improved
system and the mode of ‘operation of:the-several
component electron tubes-and circuits-of ‘the in-~
vention: will ‘be -had by reference to-the follow-
ing- description and to the:drawings to be con-
smered in.conjunction therewith.:

- Inthedrawings:

- PFig.1.is:a-circuit diagram illustrating the sev-
eral component electron tubes:and the circuit ar-
rangements of a preferred’ embodiment of theim-
proved system;

“Fig. 2 shows a modification of the system-of
Fig_. 1;

Fig.:3 shows. a simplified- analysis -of “the sig-
nal rectifier of Fig, 1;

Fig. 4 shows certain characteristic curves relat—
ing to signal rectifier.

Figs. 5A-D show schematically certam current
paths in the rectifier which are of-particular in-
terest in connection with the neutralization: and

Fig, 6-shows certain charactemstlc curves re-
lating . tothe reversing amplifier and the-signal
rectifier.

Referring :now to Fig. 1, the invention-is: illus-
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trated by an. embodiment in..a .radio reeceiver, of
which there-are.shown :in detail-only. those. parts
needed.to describe the invention. These parts.in-
clude the detector and the ecircuits for coupling

-the- detector to the audio-~-frequency.system. -The

Teceiver proper may-take .any desired form and

‘preferably.include some-provision for automatic

‘volume: control. - For :coupling from- the .inter~
;med.late-frequency amplifier to:the detector, the
transformer T'is provided, equipped with shielded

primary -and secondary to-.avoid undesired. eou~
~pling; -Although .any:convenient signal rectifier

may be used, the rectifier shown-has special.ad-

- vantages among- which-is the. ability to-vary:the
-output-characteristics.curve as will be-Iater dis-

cussed. - “The rectifier: Via, .a-triode, -is-connected

as-a- diode to the signal input eircuit compris-

ing: the transformer seecondary 10-and the:tuning
capacitor 18a, with its cathode -f1 connected to
the point-12; and its:grid 13; which serves-as-one
diode-anode,:coupled-to:the point 4 through re-

sistance 24g, 28b-and-electron tube-rectifier-Vizs.

This rectifier Vaz-is a-coupling walve and is-used

to. facilitate::neutralization .in .conjunection- with
neutralizating:capacitors 21, 22,-and 23 as will

be-explained:more in-detail later. The plate 15

:of*tube Via; which serves as-another diode-anode,

is connected to point 14 through resistance 17
and-rectifier:tube Vis: ' Capacitances:-17a:and:20¢

are-connected :in parallel.respectively to.resistors

11-and 24¢; 28D, both-of which are-connected. to

-ground (6,

‘The tube: Via supplies:half~waves:of radio-fre-

quency carrier -and-modulation-of the-signal.asa

negative: potential '~Eg, to the-control:element 20

of:electron tube Vz; o radio=frequency: limiter and

amplifier::which:serves-also: as:;a reversing: re~
peater..
~Direeting. attention-specifically to-the:tube: Via

,of “Fig: -1, the:cathode-to-plate and:cathode=to-

grid: doad resistors. 11-7and: 24a - thereof provide
leakagerpaths of  high: resistance: for -the-signal
and: static voltages ~which -are rectified in: this
tube. - The-rectified: Ralf-waves -appear - across

these resistors and-are-preserved-in:some: degree

by -making- the .shunt -capacitance {1a :and: 20a
rather small;:-perhaps only-the inherent:-capaci-
tance of the circuit elements.

The instantaneous relationship of:the various
voltages.and: currents-are affected by:the-anode
‘and ;grid resistance-capacitance . (RC). time-con-
stants-which, if. greater:than one-half-the ear-
rier period, accumulate-substantial negative- bias
potentials on:the-diode anodes of-tube.Via, of
magnitude :proportional to. the amplitude of-the
voltage from the-input circuit.

To.obtain the fastest responsein the rectifica-
tion of. the carrier-frequency voltage from the
inpuf circuit, the RC time constant of the:load
-of-each diode is-made less.than the time.interval
or pulse width of-the .shortest pulse -of noise, as
‘determined by. the preceding -selective circuits
in the receiver. The stray capacitance of the wir-
ing: connections: and theé. tubes and-.additional
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capacitance, if present, will not seriously affect
the performance, promded the time constant does
not exceed the minimum pulse width.

The preferred RC time constant for one-half
cycle would be RC=%f, in which f is the fre-

quency of the voltage applied to the rectifiers.
Referring again to Fig. 1, and in particular to

the rectifier 1oad 24, there is sometimes developed:

at the point —E¢ an undesired amount of negative
potential caused by electron flow. To counter-
.act that undesired condition, a divideq load re-
_sxstor 24a, 24b is provided and a small opposing
current is supplied in resistor 24¢ through the re-
‘sistor 25 from the power ‘supply voltage source
i b

' If it is desired to provide the usual grld bias
on- the tube Ve, a- cathode resistor 680 may be
‘employed as shown in Fig. 1. I a resistor 60 of
“proper value is used, resistors 24b and 25 may not
“be requlred ‘The negative feedback action ‘of the
voltage drop across resistor 60 serves fo redilce
distortion and to permit a” higher input’ voltage
to be applied to the control element 20 before
‘overloadmg 0CCUrs: '

As pointed out above, the neganve half-wavea
1of radio-frequency voltage ‘of the rectifier otitpiit
-are supplied to the control electrode 26 of the
“electron tube Va. Thereupon the output current
“of this tube will decrease in prOportlon to the volt-
-age from the rectlﬁer

It is ‘not necessary to conf,rol tube V2 with the

resultant sum of the half waves. It may be'pref-
erable to actuate the ‘control €lectrode 28 thereof
by the voltage of ‘each iricrement. ‘In that cdse,
‘the internal resistance of Vz should be restored
quickly to its no-signal valie between’ the half-
wave conducting phases of the’ rectlﬁer to assure
the fast operatmn Whmh 1s 1equ1red fo follew
static pulses.
" The repeater or amphﬁer tube Vi is prov1ded
with the usual plate coupling resistor 29 between
the plate and a source of fixed positive voltage
+Fz2. This voltage is assigned the least value
-which permits this repeater to function over a
.wide range of signal strengths; its smdll voltage
prevents the static puls¢ amplitude from exceed-
ing ' & limited amplitude preferably ‘not much
-greater than the reak amplitude of the signal.
As explained hereinbefore, in the abserice of

.signals the preferred voltage on. the control elec- |,

-trode 20 is zero. * During the negative Half-cycle
-of "the signal, the control-electrode voltage “is
‘negative and of a value directly proporticnal to
the amplitiide of the radio-frequency voltaze ap-
plied to the rectifiers.” During the positive half-
cycle of the signal the control-electrode voltage
‘should be zero or preferably as near thereto ds
-it is possible to attain: Thus the rectified voltage
output 4+ Es from the lepeater tube V2 is hmited
by the voltage Ez.

The output’ of the hali-cycle radio-frequency
‘voltage +Fs includes the rectified modulation of
‘the carrier, and when the half-wave increments
,thereof are impressed upon an audio system the
original modulations are reproduced. o

The repeater tube Vz is preferably of the
variable-mu type and is, therefore, adapted to op-
erate with a high voltage input. However, a
conventional triode tube, screen-grid tube,
pentode or beam tube can be used. The pentode
or beam tube, for examplé, would provide satis-
‘factory limiter or cut-off characteristics if the
“input and element voltaves are held W ithin limited
values

- “The positive voltage Ea, ‘which is a manually

- rectifier tubes Vi and Vs.
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_adjustable fraction of the fixed positive voltage
"of the source -+Es, is the gate voltage which de-

termines the cutoff levels in the series-limiter
For any desired value
of signal intensity, the voltage Es is adjusted sc
that the limiter Vs cuts off at the level of greatest
outward modulation, preferably the level corre~
sponding to unity modulation so as fo preserve
the desired modulation and cut off only the ex-
cessive peaks of noise.. With the same adjust-
ment, the other limiter V4 cuts off at the level

‘of greatest inward modulation. ‘While not ordi-

nanly required, of course a Separate adjustment
corresponding to E4 could be’ provided for the sec-
ond limiter Vs to meet’ special reqmrements

With proper adjustment of E: the limiter Va
stays closed for the norma] range of modulation,
but opens up on peaks of greafer 'mmphtude such
as strong pulses of statie.

The various elements having been explamed in

“While the clipping of static pulses is known

‘to be a great aid in reception, this invention gains
4, major advantage by a further action, namely,

inversion of the strong pulses which otherwise
would cause the loudest residual clicks. The-in-
version requires two coupling paths for rectified
modulation from the detector to the limiter. - The
first is a direct coupling path, which predominates

-in the amplitude range of normal modulation but
‘which'is cut off at greater amplitudes.

The sec-
ond is an inverse coupling-path which predomi-

‘nates at greater amplitudes'and causes mversmn

of ‘the peaks-of strong pulses. -

In Fig: I, the so-called direct path is through
the repeater Vz and biased limiter tube Vi It
conveys the desired modulation in what may be

-called the positive sense and but for the limiter

Vi would conduct the static peaks. The inverse
path which also conveys the desired modula-

-tion and static peaks but at a lesser amplitude,

is through the capacitor 45 and resistor 44, and
around the limiter V4 so this path is not subJect

-to its clipping action.

Now considering the performance toward -a

‘signal acéompanied by strong pulses of statie,
-the pulse peaks coupled to point 42 for example,

by resistor 44 and capacitor 45 from —Ep pre-
dominate at-instants when the tube Va is cut off.
The static puise-voltage is -weakly - coupled to
point 42 so that the anode voltage of Vi becomes

“less positive, cutting off further passage of the

stati¢ pulse through Ve The value of resistor 44
should be such that strong static will not modu-
late the voltage at point 42 beyond the zero axis
value of the signal while unmodulated. ~The ca-
pacitor 45 should be of sufficient value {o pre-
vent any substantial phase shift in the passage

-of the pulse current from —Ep to point 42,

- Ag insurance that the inverted pulse peak will
not recede past the zero axis of the modulation,

‘there is added g second electron tube limiter Vs

coupled by capacitor 47 to Vs and having a sepa-
rate gate voltage., The limiter Vs is adapted to
operate and limit on the inverted peak of a
strong static pulse.

The output of Vs has a time constant deter-
mined by résistor 48 and capacitor 49, of the same
order of magnitide as the period of the highest

‘modulation frequéncy to be reproduced. The ad-

vantages gained by the use of limiter Vs as jilst
deéscribed, are that the coupling of the inverse
peak of the static pulse can be increased to ob-
tain 4 more precise limiting thereof.
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“~The inverse -peak -of-a-strong static ‘pulse-at
point- 42 is-coupled to- point 43-making:tube
Vs'non=conductive-beyond s certain point; for the

-reason-that the “time-constant-of48; 49:-effective

at point 52-will not permit:the:voltage on-the
“cdthode of Vs to follow-the ‘sudden-inverse-peak

at-point 43. < ‘Before ‘equilibrium -can be estab-
‘lished- between ' point 52-and:point- 43; tube Vi
“has cut-off in the manner explained hereinbefore.
‘This- mode - of operation-effects -a- very ~sharp
“eut=-off of the-static ‘pulse--because-the- inverse
‘coupling may be increased to-permit the-effective
‘useé-of rapid-charging of the small-interelectrode
capacitance, wiring connection capacitance; etc.,
‘of the limiter tubes Vs and Vs.
:During the static pulse interval the limiter be-

“tween points 43 and 52 prevents:the inverted’

peaks from passing-the =zero’axis value of the
signal modulation. This is a.desirable mode of

operation because the inverted peak amplitude”

“is: within-the range of ‘normal moedulation.
When:the static pulse voltage-has:deecreased
from its .peak to a value where point 44 becomes
negative with respect to point 42, the limiter Ve
becomes-conductive and Vsis already conductive
50 the normal response to modulation-is resumed.
In theabsence of -a static pulse:the limiters. Vs
~and. Vs _remain conductive to signal amplitudes
of  the full range determined by the gate volt-
age E4. :
The operation of .the limiter as a-whole will
be summarized briefly with reference to the es-
sential ‘functions of:some ‘parts of the circuit as
described above. The principal parts are the sig-

nal defector including tubes Via and Vis, the re~4

10
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30

versing amplifier including tube V2, the inverse .

coupling path including resistor 44, the limiter
including tubes Vi and Vs, and. the-adjustable
gate-voltage Es.

The signal detector utilizes the rectifier tube
Via to deliver rectified signal voltages of nega-
tive polarity from electrodes-3 and 15, both act-
ing as anodes. -‘The other rectifier tube Vis is
needed only to-preserve: the potential at point

4 during the non-conductive phase of Via.and .

thus permit neutralizing capacitors 22 and 23 to
be effective. i

. -The reversing amplifier utilizes the tube Va
to-reverse-and amplify the rectified signal re-
ceived from electrode (3 of the detector,

In 'the  usual manner, the-signal is reversed in
this amplifier, so the amplified signal coupled
.thréugh the: eapacitor. 40 may. ‘be:regarded as

sposifive, meaning :that outward-modulation of.

“the-signal’ causes 4 change of * voltage in-the
positive direction. Since this amplifier ‘provides
~the prineipal: -coupling sfrom- the=detector to ‘the

lmiters, ‘it is termed-the-direct coupling circuit

in:-¢ontradistinction to ‘the-inverse -coupling -cir-
cuitnow to'be identified.

Theg;,"
amplified signal is coupled from the anode of o
tube V2 through the capacitor 40-to the limiter.

60

“'Theinverse coupling-circuit utilizes resistor 44

to-couple to-the ‘limiter-the rectified signal- re-

-ceived-from-electrode 5 of-the detector: < This -

-signal “is-negative in polarity; and is-therefore--

inverse relative fo-the positive  signal -output
“from the amplifier; The-purpose  of “this-cou-
~pling 'will ‘be-further-summarized below.

- The limiter-includes two rectifier tubes con-."
‘nected ‘in series opposition for limiting the signal’

in ‘both -directions corresponding to-outward and
‘inward -modutation.

THe -first tube Vi -is ' poled -

“fo-cut-off beyond -a -certain level of outward mod- -

~ulation.” The-second-tube Vs-is poled-oppositely

75

~modulation: :envelope:

6

to:cut off: beyond a certdin level of inward modu-
Jation.

- *WWhen a'peak-of*the signal envelope; for example
a-static pulse; has-a peak voltage exceeding-the
cutoff-level for -eutward- modulation; as defined
above, it-is-applied with- positive: polarity o point
41 and-the-cathode of limiter tube V4, and causes
this tube to-‘become non-conductive.  ‘Therefore
‘the:peak-of this'pulse is'not:-coupled in-this-tube
through-the limiter. - However; the:inverse cou~
pling ‘path through resistor 44 is.still ‘operative
on:the peak of such a'pulse and couples:the peak
-with-reverse polarity to:the point 42 in-the-lim-
iter, detouring around the tube.Vi-which-is cut
off. ~Therefore:the peak of -the. pulse-appears.
inverted ‘in-the output of ‘the limiter so the-peak
is-actually at g-level lower than the above-identi-
fled:cutoff level for-outward modulation: This is
‘one:of “the -principal advantages of -the present
‘invention, ‘because - thereby -the :-effective-peak
amplitude of-a-strong pulse-is -actually ‘reduced
10 a Tevel less than the level at. which-the highest
signal peaks of modulation are-permitted to-pass
‘without distortion. ) :

- It is desirable . that the.inverse- static pulse
should notindent the-signal:too far.  The second
limiter tube Vs achieves. this purpose ‘by: limiting
‘any.excessive peak values of inverse pulses. Fur-
thermore, by relating the time constant.of resistor
48 and capacitor 49, in the limiter ontput circuit,
Yo -the highest modulation frequency, the limiting
level for. pulses of short duration of.either sigral
.or-static.can be reduced without.detriment to-the
desired-modulation components of. lowerdfrequen-~
cles. and. maximum: amplitude. ' The clipping .of
short. pulses .of modulation at.a level,lower:than

-low-frequency .components- of modulation s per-

‘missible: becauserthe -desired ‘modulation.seldom
includes short pulses of strong modulation.
-Ahe-manually. adjustable-direct voltage: E¢ is
thegate voltage: which -is-applied to the:limiter
Aubes Ve:and Vs bo.determine their clipping -or
limiting levels;-as.deseribed above.

- In-the-foregoing:-description, it-is-presumed:that
a-strong’ pulse-of ‘static:-superimposed.on a-modu-
dated-carrier-has-dlb<the-appearances: of -z pulse
of -modulation;that:isy an zexcessive:peak-in:the
Axstatic pulse -is-idistin-
guished. only :if ibs-peak amplitude -exceeds the
‘modulation speaks -of ‘the-signal: Tn that:case;

‘the- presentinvention:minimizes ‘its . disturbing

effect by reducing its-peak value as-it.remaing
Jnrthe output of the limiter.

- Ilustrative circuit constant values ‘and:-types
-ofelectron” tribes- for the: successful: reception-of
‘voice »modulated signals - through both - atmos-

«pheric static and Ideally- pro duced noises-are-set

-forth below.
727 - Singlessectipn.of ROA 6SL7.
ViB oo an Diode. rectifier—may be contained in the Vi
- -€nvelope-such as an RCA-6SF7,
Voo oz RGA 68K 7 01 8SF7.
Vi, Ve - RCA 6Hs.
17 36 K 'ohms. .
24a,.b .. Sectione—100-K-ohms, .
Section,b-<500 to 1000.chrms,
29 100-K6hms.
25 250" K..ohms,
48, 5 - 500’ K ohms,
“55, 48,756 - I megohm,
44: :5.to-5:megohms.
21'(Csn
gg.?(gm;) Neutralizing capacitors; 3+10. uuf.-
EARTS 4 :1 .
172 (Cp), Coo .. Load .capacitances. usually. . inherent: strays—
. Lo zanproximatély 10 uuf.
49 . 01:uf,
45 __ 00T to {01 uf.-
47 01 pf.
40, 59 05 uf...
60 oo L 2070-5,000"0hms,
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Fig. 2 shows a modification of the arrangement
of Fig. 1, in which a simplified detector cireuit is
employed to deliver both -polarities of rectified
signal, and' in which the dual function-of the
limiter tube Vs is performed separately by two
tubes with some advantage in performance. Cor-
responding elements are designated as in Fig. 1.

The sighal detector or rectifier function is per-
formed by the diode tube Vi. Its load comprises
the  three resistors, 183, 1064, 105, bypassed for
radio frequencies by the condensers 181 and 102.
Rectified voltages of both polarities are developed
respectively at —Es across resistors 183 and 104,
and at <-Es across resistor 185.

The direct coupling of the signal from the
detector to the output is from the tap between
resistors {063 and {64, through the series limiter
tube Vs, the coupling condenser §9 and the output
voltage divider 56. The cutoff or clipping level

in this path is determined by the current from .

the source of direct voltage —Ess through resis-
tors 1088 and 169 and the diode Vss. . By selection
of the value of this voltage, this cutoff level is set
at or near the level of outward peaks of maximum
modulation. |

. The jnverse couphng path is hom the signal
voltage +Es through the limiter diode Vsa, the
coupling condenser 167, the resistor 189, the dicde
Vss, the coupling condenser §3 and the output
voltage d1v1der 56. . A novel feature of this
arrangement is the connection of a source of volt-
age --Eza through resistor 186 so chosen that the
diode Vsa permits coupling through fhe inverse
path only during pulses of strong static which
exceed the signal modulation, but not quring nor-
mal modulation. It is therefore not necessary to
restrict the amount of coupling in the inverse
path so severely and the inversion of pulse peaks
can be accomplished more abruptly by more
inverse coupling.

Fig. 3 is a simplified diagram, omitting neu-
tralization, of the special form of rectifier shown
‘in Fig. 1. This rectifier consists of two diodes
both simultaneously rectifying the same half
waves. By choice of suitable circuit constants
for each rectifier, this double diode rectifier may
‘bé made to give a practically linear rectifying
‘characteristic or a characteristic which varies
from linearity in either direction as illustrated
in Fig. 4. In addition to the electrical symbols,
the -parts shown in Fig. 3 bear reference char-
acters corresponding to the reference characters
used on the same elements in Fig. 1. If the
plate 15 and leakage path 11, 1Ta are removed,
the remaining elements 1§,
24a, 24b, 20¢, function as a conventional recti-
fier. The cathode-grid resistance Rg is not sub-
stantially affected by the plate current if the
input voltage E: is held at the same relative po-
tential when the plate load is removed. How-
ever, the value Ez will be lowered as the imped-
‘ance Za begins to draw additional current from
the source impedance Z:, and the increased cur-
rent will result in a voltage loss.

The total rectifier impedance Zz is the parallel
resultant of the output impedance Zs of the diode
rectifier 11, 13 and the variable shunt imped-
ance Zz of the diode rectifier i, {5. The ar-
rangement thus operates in-effect as a variable
impedance rectifier, the Zs impedance character-
istic of which may be predetermined by proper
selection of the plate characteristic Rp, and the
load impedance Zs« The input voltage charac-
teristic may be given a downward slope to com-

13, with leakage path 5
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signal voltages are present.

8
E.. If a downward slope.of Eg is desired it may
be attained by decreasing Rp or Zs, or both.

The resistance load Rer (1T) and capacifance
Cp (iTa) develop the negative potential —Ep
providing a delay bias for the conductive phase
of the anode. The cathode-to-grid current is
independent of the anode current if the inpus
voltage Ea» is constant. Since the grid voltage
—Eg affects the anode current, no plate or anode
current will flow until the negative difference
between —Eg and the cathode input voltage Eiz
is less than the grid bias required for plate cur-
rent cut-off at the instantaneous plate voltage
(F2—Ep).

The following equations expressed in terms
of the symbols appearing on Fig. 3 will permit
ready analysis to be made of the various voltages
and currents of the rectifier:

Voltage to rectifier at no load=E;
Voltage to rectifier under load, E:=E;— (I, +I ,,)Z,
Voltage across grid load {(Zs), E,=1.Z;
" Voltage across anode load (Z.), Ey=I,7;
Cathode-to-grid voltage, E.=E:—E,.
Cathode-to-anode voltage, Ey=E;—E,
Grid current when (E.—E.) is positive, I,=
: K(E,—E )"
When
(E;—E,.) is negative, I ,=zero (0) ‘

Anode current when (E,—E,) is negativé, I,=....

_ Eg—E,)’/z
K,(E2 B2
‘When '
(Ez E’5+E2_E°) is negative, I,==zero (0)
G Rn 9 . IR
When ‘
(E;—E,) is positive, I.,= )
E,—E_\¥? :
K(EzE’g-l— émR:) —K(EZ—E,)?’
When '
(E2~E ¢) is negative or positive, Iy=
_ _E’H—E,,)‘/’
K(E2 B~

‘When

) ) E.—E
A E;,—E 2
( 2 :+ Gme :
‘When the volfage to rectifier under load, Ea,
is low, corrections should be made for contact

) is negative, I,1=zero {0) ~

‘potentials and electron veloclties at the grid and

-anode, 13.

Fig. 4. illustrates the relatlon between rectiﬁer
input wvoltage Ei and the ouftput voltage Eg.
Curve A is that of a non-compensated rectifier
showing the output distorted by reason of in-
creased efficiency at the higher input voltages.
Curve B is that which may be attained in the im-
proved system with the downward slope of Ea
effected -by proper choice and proportioning. of
internal and external impedances. I{ may be
made linear and distortion-free by careful choice
of these impedances. Curve C is an output curve
having a logarithmic characteristic and the
downward slope thereof is useful when strong
The distortion in
this case is not greater than that had with a
conventional rectifier, ang is to be preferred to
that caused by an overloaded amplifier with a
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convennional rectifler, since the signal-to-noise
ratio. is. much less on weak signals.

Ordinarily. the output current of the tube Va2
connected as a triode, and having a negative po-
tential impressed upon its control electrode- 20,
would have. a characteristic curve like A of Fig.
4. The rectified output voltage of the rectifier-is
plotted along the abscissas to represent the neg-
ative.voltage —Eg-applied to the control -elec-
trode 20 of tube. V2.  'The output current Iy of
tube. Va2 is plotted along the. ordinates.. -If -the
rectifier characteristic. is. adjusted to be substan-
tially as in curve B of Fig. 4, the resultant nega-
tive voltage .impressed upon control element: 20

of tube V> will produce an output current char- 1

acteristic. substantially as in C, g substantially
linear .relation . with respect .to the -radio-
frequency -input voltage —Eg. -In other words,
the..curvature of rectification. in tube Via will

compensate for the curvature of amplification in

tube V2 to effect a linear response to modulation
-of the input signal.

Referring again to Fig. 1, and in particular
to the tube Via thereof, it is. to be understood

that the stray capacitance of wiring and the in- .

ternal capaeitance of the tube provide a radio-
frequency . coupling path across the rectifier,
which is .the principal path effective during the
nonconductive phase.

The diode rectifier tube Vis is connected in
series with the ground return of the.signal input
circuit 10 and is poled the same-as the diode
formed by tube Via.to conduct current on the
same phase as said diodes. Thus, during the non-

conductive phase, both the tubes Via and Vis 3

and -their wiring connections still provide ca-
pacitive coupling to the .output ecircuits of the
diode rectifiers, namely, resistors 17 and 24q and
the subsequent circuits coupled thereto.

The small capacitors 21, 22, 23, are provided to
neutralize or balance out this capacitive cou-
pling to the output circuit. -During the non-
conductive phase, the capacitor 21 and the capac-
itance of tube Vis are -connected in series across
the. input circuit, and their junction is connected

‘to-ground.. This forms a bridge circuit such that .

-alternating -voltages of opposite. polarity .appear
-at points {2 and. 14 on opposite sides of the input
cireuit . 18. -By -virtue of this bridge circuit,
capacitor 22 neutralizes the cathode-to-grid ca-
pacitance of tube Via, and 23 the cathode-
to-plate capacitance of tube Via.

-Pigs. HA-D -are simplified diagrams of those
parts of Fig. 1 that are involved in.the neutraliza-
tion, and are shown to facilitate the explanation
of this function:  Fig. 5A-shows schematically the
current. path, and by arrows the direction.. of
electron flow, during the conductive phase-of the
rectifier, referring to either of the diodes: in. tube
“Via. - Figs.. 5B-D show .the. capacitive current
paths effective. during the non-conductive :phase
of the rectifier and make clear the means.of ef-
fecting .complete or. approximate. balance of 'the
capacitive coupling as above .described.

In Fig. 5B the flow of capacitive current. during

the non-conductive phase is shown, the cathede- -

-grid diode of tube Via.and the tube Vis-acting
as -capacitive coupling means -C¢ and Cs; re-
-spectively. - The arrows in this and subsequent
figures show -the direction-of-capacitive currents
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-in-various parts of the circuit at the same instant, .-

chosen arbitrarily for the purpose of explana-
tion. Fig. 5C illustrates the balancing of capaci-
tance Cg by capacitor 22 (Cgn), Cg denoting the
cathode-grid capacitance in tube Via and wiring.
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Pig., 5D . shows in addition the balancing of
capacitance Cp by capacitor 23 (Cpn); Cp denoting
the cathode-plate capacitance in tube Via and
wiring. The balancing of the capacitive coupling
paths results in the required approximate neu-
tralization of the tendency for radio-frequency
current to be coupled to the diode loads during
the non-conductive phase.

The voltage E¢ and “gate” voltages referred to.
in the specification are-further. defined as a.con-
Guetance determining voltage causing the recti-
fierlimiters to conduct modulation for amplitude
levels determined by the conductance voltage.

The. control grid 43 of the tube Vi is utilized
in this invention-as an anode of one rectifier and
is more specifically defined as a secondary -anode.

The improved system and its components com-
‘prising the preferred embodiment of the inven-
tion-may be modified without departing from the
gist -and: scope of the invention-as those skilled
in the art will ‘recognize. - Therefore, only such
limitations as may be imposed by the pertinent
prior art should bs considered in relation to the
appended claims.

* ‘I'claim: :

1. A signal coupling and amplitude limiting sys-
tem comprising rectifier means having:-load im-
pedance means connected in series therewith
across which alternating modulations of signal
voltage appear, a second rectifier-having anode
and cathode electrodes, means -coupling said
modulations to said second rectifier and compris-
ing a connection from a point on said load im-
pedance means to one of said electrodes, the sec-
ond of said electrodes being connected to an out-
put, circuit, and second means for coupling said
modulations to said second rectifier and compris-
ing second connections from said load impedance
means. to the said second electrode -through .a
phase inverter means. S

2. A signal coupling and amplitude limiting sys-
tem comprising- rectifier means having load-im-
pedance .means connected in series .therewith
across which - alternating modulation of signal
voltage. appear; a second rectifier having anode
and . cathode - electrodes, means .coupling said
modulations-to said second rectifier and compris~
ing a connection from a point. on said load -im-
pedance .means to one of said . electrodes, the
second -of said electrodes being connected to an
output- circuit, and second means _for_cduplihg
sald modulations to said output circuit and com-
prising :second eonnections - from .said- load.im-
pedance means to the said output circuit throush
a phase inverter means. o o

3. A signal coupling and amplitude limiting
system, in accordance. with-claim 2 in which:.a
conductance determining voltage means. is pro-
vided. and is connected to. the said :second -rec-

~tifier:to cause the.said:second rectifier to-conduct
‘the:said modulations.for amplitudes determined

by. the: conductance.. determining voltage-of -said
conductan_ce:determirﬁng voltage means. -

-4. A signal coupling and amplitude limiting
system in accordance with claim -2 in which-'a
further rectifier-having anode and cathode. elec-
trodes:in series electrical connection with.one of
the said means for-coupling the said modulations
to ‘the -said- output cireuit. is provided; & con-
ductance determining voltage means is. provided
and -is connected to the said further rectifier
causing the said further rectifier to conduct the
said modulations for outward modulation am-
plitudes above an amplitude level determined by
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the conduchance determining voltage of the said
conductance determining voltage means.

5. A signal coupling and amplitude limiting
system in accordance with claim 2 in which the
said phase inverter means is & reversing repeater
means.

6. A signal coupling and amplitude limiting
system in accordance with claim 2 in which a
poftion of the said load impedance means is also
the said phase inverter means. -
4. A signal coupling and amplitude limiting
system in accordance with claim 2 in which an
input circuit is provided and is connected to the
said rectifier means, said rectifier means being
o variable impedance rectifier comprising a tri-
ode with cathode and secondary anode forming
a first rectifying diode and cathode and anode
forming g second rectifying diode, an imped-
ance conneched in series with said first rectifying
diode across the input circuit, and an impedance
connected in series with said second rectifying
diode across the input circuit, whereby said
‘diodes with their series impedances operate
simultaneously in parallel to rectify the voltages
impressed thereon and the rectifier output char-
acteristic may be made linear by altering said
impedances.

8. A signal coupling. and amplitude limiting
system in accordance with claim 7 in which the
parallel rectifying diodes with their series imped-
ances are connected across the said input circuit
through a rectifier and in which the undesirable
capacity of the first diode is neutralized by a
capacity connected from the secondary anode to

the input circuit and the undesirable capacity of -

the second diode is neutralized by a capacity
connected from the plate to the input circuit.

9. A signal coupling and amplitude limiting
system in accordance with claim 8 in which one
element of the rectifier coupling the two recti-
fying diodes to the inpuf circuit is connected
to ground and the other element thereof is con-
nected to one end of the input circuit and in
which the inherent capacity of said rectifier is
neutralized by a capacity connected from the
other end of the input circuit to ground.

10. A signal coupling and amplitude limiting
system, in accordance with claim 2 in which a
third rectifier having anode and cathode elec-
trodes is provided and the said third rectifier
electrodes are in series electrical connection with
the said second means for coupling the said mod-
ulations to the said output circuit, a conductance
‘determining voltage means is provided and is
‘connected to the said third rectifier causing the
said third rectifier to conduct the said modula-
tions for amplitude limits determined by the
conductance voltage of the said conductance de-
terming voltage means. .

11. A signal coupling and amplitude limiting
.system in accordance with claim 10 in which the
said phase inverter means is a reversing repeater.

12. A signal coupling and amplitude limiting
system in accordance with claim 10 in which a
-portion of the said load impedance is also the
phase inverter means. .
© 13, A signal coupling and amplitude limiting
system in accordance with claim 10 in which a
second conductance determining voltage means
is provided and is connected to said second rec-
tifier, and the sald limits of the said modulation
amplitude conductance in the said second rec-
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tifier and in the said third rectifier for the out-
ward modulation amplitude cut off at amplitude
levels is determined respectively by the said con-
ductance . determining voltages of said second
conductance determining voltage means and said
first-named conductance determining voltage
means.

14. A sighal coupling and amplitude limiting
system in accordance with claim 13 in which a
fourth rectifier having anode and cathode elec-
trodes in series electrical connection with one
of the said means coupling the said load imped-
ance means and the said oufput circuit is pro-
vided, a third conductance determining voltage
means is provided and is connected to the said
fourth rectifier causing the said fourth rectifier
to conduct the said modulations for outward

modulation amplitudes above an amplitude level

determined by the conductance determining

‘voltage of said third' conductance determining -

voltage means. . N

15. A signal coupling and amplitude- limiting
system in accordance with claim 13 in which a
fourth rectifier having anode and cathode elec-
trodes in series electrical connection with the
said second means for coupling the said modu-
lations to the said output circuit is provided, a
third conductance determining volbtage means is
provided and is connected to the said fourth rec-
tifier causing the said fourth rectifier to conduct
the said modulations for outward modulation
amplitudes above an amplitude level determined
by the said conductance determining voltage of
said third conductance determining voltage
means.

16. A signal coupling and amplitude limiting
system in accordance with claim 10 in which the
said third rectifier is also in series eleetrical con-
nection with the said second rectifier.

17. A signal coupling and amplitude limiting
system in accordance with claim 16 in which the
said second rectifier and the said third rectifier
are in series electrical connection coupling to the
said output circuit, one of the said second and
third rectifiers limniting the conductance of outb-
ward modulation, and the other of said second
and third rectifiers limiting the conductance of
inward modulation for the said modulations

coupled in the said series electrical connection.

GILBERT J. C. ANDRESEN.
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