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1

This invention relates to, improvements in
modulating systems, and more particularly to
novel methods and means for width-modulating
pulses in accordance with intelligence-signifying
signals, and is a continuation-in-part of my co-
pending application Serial No. 511,406, filed No-
vember 23, 1943. :

An object of the present invention is to provide
2, novel method and means for width modulating
a ‘series of normally equal-width pulses  for
transmitting intelligence.

Another object of this invention is to provide
a. pulse-width modulating system of improved
dynamic range and minimum variation in aver-
age POWer. ‘ -

Another object of this invention is to derive
from a. pulse shock-excited circuit, a series of
variable -width pulses modulated in accordance
with ~predetermined intelligence  to - be trans-
mitted.

These and other objects, capabilities and ad-
vantages of the invention will appear from the
subjoined detail description of one embodiment
and a modification thereof, illustrated in the-ac-
companying drawings, in which: ‘

Fig..1is a circuit diagram, partially in block
form, of & preferred form of pulse-width modu-
1ating system in accordance with the present in-
vention; ‘

Pig. 2 is a diagram illustrating by way. of ex-
ample the time relation between.a series of un-

: ing signal across the
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-'ing the output
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29 Claims. (Ol 179—1715)

additional impedance across the tuned circuit 2
whose “value, if varied, will change the tuning
of the ‘circuit 2 within certain predetermined
1imits. - In this embodiment, the tube & provides
a, resistance varying in. step with the modulat-
tuned circuit which serves
to vary the resonant frequency thereof by well
known laws. - Since the. tube 4 is parallel to the
resistor R with respect to the tuned circuit 2,
there will exist a modulation component across
resistor ‘R..-:The resistance R is selected high
relative to the resistance of the tube 4. By pass-
from the tuned circuit 2 through a
high-pass filter 6, the low modulating frequency
conmiponents produced across resistor R are re-
moved: . The output of filter @ is passed through

- g suitable shaper and amplifier 7 for the purpose

20

25

of re-shaping the pulses: into the rectangular
pulses, which; if ‘desired, may be further shaped
by differentiation and inversion at 8 into narrow
pulses corresponding in time to the leading and
trailing edges thereof.- . ) :

In Fig. 2, curve A represents a series of ‘equally
spaced,‘equal-width rectangular pulses @ to 4§ in-
clusive; produced by the pulse source i and ap-
plied to the resonant circuit- 2. The pulses of
source | however, may be of various shapes SO

. long as they present one edge, either leading or

30

modulated pulses, & modulating wave and the

resultant width-modulated pulses according to
the system illustrated in Fig. 1; o

Pig. 3 is a circuit diagram, partially in biock
form . of a modified form of pulse-width modu-
lating circuit;

Tig. 4 is a diagram similar to Fig. 2, illustrat-
ing the mode of operation of the system shown
in Fig. 3.

The form of my invention shown in Fig. 1
includes o voltage source | of any known- type
which has a relatively abrupt potential change
characteristic. A suitable form illustrated is
one . which produces substantially rectangular
pulses such as & ». This series of pulsesis. ap-
plied to a resonant circuit 2 across which is con-
nected a rectifier 3 whose purpose is to limit the
undulations resulting from shock -excitation of
the circuit 2 to the first, primary undulation of
one polarity. Also in effective shunt with the
resonant circuit 2 is connected a reactance circuit
including tube 4 whose control grid, in turn, is
energized by a modulating voltage source 5.. As
is well known in the art, the tube 4 presents an
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given timing. as will be
further explained hereinafter. This circuit 2
will have & normal resonance. frequency which
will: be varied by the operation of the tube 4 in
accordance ‘with some modulating source indi-
cated by way of example by the voltage wave B.
1f it is assumed that the normal resonance fre-
quency of the tuned circuif 2 occurs at maximum
negative modulating -voltage, the resonant ire-
quency will then vary. between limits as deter-
mined by the maximum positive and negative
points on the modulating voltage curve. :

The series of Waves indicated at C, Fig. 2, illus-
trates the first undulations which appear from
the output. of the resonant circuit 2 upon shock
excitation of the latter from the series of applied
pulses a.to §. ‘It will be noted, for example, that
the resulting pulses g1, €1, and 41 will ‘all be of
equal width since fhese pulses represent the first
undulations of the shock-excited . circuit which
take place when the -modulating. voltage -con-
trolling the tube 4 is at zero value. As the modu- -
lating voltage increases, ‘however, the tuning of
the shock-excited circult 2 varies so that the first
undulations produced will be. of slightly greater
width, for example,. pulse b1 is wider than di,
while ¢1, occurring at the peak positive value of

trailing, that follows a
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the medulating voltage wave is the widest modu-

lation produced. Conversely, as the modulating

voltage decreases, the pulses decrease in width,

for example, di will be of the same width as b,

and as the modulating voltage curve changes to

an increasing negative value the pulses become
increasingly narrower so that f1is narrower than
€1, and g1 abt the maximum negative value is the
narrowest pulse of all. As the modulating volt-
_ agecurve rises, the pulses again increase in width
as indicated by undulations k1 and 1. The un-
dulations ¢1 te 4y
shaper and amplifier 7, may :
sired, into rectangular bulses g2 to fa inclusive,
of the same spacing as theoriginat pulses g £o-4-
respectively, but of varying width
the modulating voltage applied-from the-source

5 upon the reactance tube 4. These fing] modu-

lating rectangular pulses may, if desired;"and as

previously explained; be differentiated into nar-
“row-pulses asz, -g's, ete.; corresponding. to.the re-
- Spective leading-and trailing edges.

It should be noted here that in'order to:obtain
the shock -voltage undulations -across the. tuned
circuit as previously: described. it is necessary to
insure that a- pulse -ofcurrent: similar to ‘waves
A and B; passes through-the tuned: circuit, This
is accomplished by means of:the high series re-
sistance 9 of Fig. 1.

~The rectifier ‘tube 3--eliminates the negative

undulations-‘cor—responding b0 -the -positive. un-

dulations so: that only the desired positive pulses
are-obtained. * For example, the-rectifier will elim-
inate undulation q’; Tollowing undulation g and
‘hegative undulation .¢’y. which - would- ordinarily
‘Tollow undulation cr.." The rectifier-3 alsoelim-
~ inates- the-negative undulation which . would be
caused by-thetrailing’ ‘edge of the:original rec-
tangular pulses,: for ‘example; the: negative yn-
- dulation- et ‘which: would otherwise. result:from
‘the trailing edge of pulse A-and-the negative un-
dulation ¢’’1 which would ‘otherwise. result from
~the trailing edge of the:pulse.c; and which in this
“case: would-start fsimultaneo’usly;wi’ch the nega-
- tive.modulation ¢’y following the-positive indula-~
tion ei.

It will- thus be seen:“that I=have ‘provided . a
simple- pulse-width modulating: system: produc-
" ing, either for ~'direet~trans’mission‘pumoses or- for

‘aNn-RF carrier modulating: botential; pulses 'which
~will be of substantiallyaequal:amplitude and which
© aremodulated in width according to ‘intelligence
or other signalling modulating source.

be reshaped; if dg<

~ In thewevent that the‘original rectangularpulses .

are relative narrow; thereby- preventing ‘the Pro=
“duction of ‘pulses-of ‘greater ‘width, I have incor-
‘porated in Fig, 37g so-called-“edger” circyit dig-
- closed inmy copending application above-referred
to: For example, in Fig. 3 I have disclosed a-pulse
source i’ which may: produce ‘relatively: narrow
pulses %, I; ete. ‘These bulses are first ‘differen-
“tiated by the-condenser ‘Tesistor -differentiating
circuit 9 and-applied to the “‘edger”. circuit 19
which includes - the triode t1.- Produced: in the
- output . of the circuit: i in the-‘negative-sense",
are ‘pulses having g relatively straight- leading
edge and an ‘asymptotic ‘trailing edge’ “For.the
circuit shown these resulting: hegative pulses are
preferably passed: through a phase Treverser 12
broducing positive “edger” pulses ‘indicated,: for
example, at &’, I, ete: - These “edger” pulses-are
" then applied to ‘g high plate- impedance. tube 13,
“the output of which is conneeted to the resonant
circuit-2. A rectifier 3 is connected; as in Fig, 1
‘(except for-the reversal of the plate-and cathode-

after passing ‘througli: the -

10

. of diagrams the

© of the resonant gircuit
~modulation components which are filtered out at

-~ 6 may be omitteq

N I7157
dependingupon -

connections) ; in shunt with the resonant circuit
2 and the tube 4 is controlled from the modulat-
ing voltage source 5. The pulses derived from the
shock-excited resonant. circuit 2 are passed
through the filter & and may ke re-shaped in the
shaper -and amplifier 7. It will be noted, how-
ever, that the tube 4 is cohnected, in effect; di-

+rectly to the resonant circuit 2, thus- substan-

tially eliminating the component modulation pres-
ent across resistor R of Fig. 2. Thelow impedance
£ however, still bresents

6. Where the circuit 2 has a high “Q” the filter
since in that case the modula~
tion components will be negligibie. :

Y In Pig. 4, T have roughly indicated by a series
action-which takes Place in the
modulating circuit llustrated in Fig, 3. Tt will be

seen’ that a series of narrow rectangular bulses;

20

- formed by the edger
- into-wider “cdger”
-leading edges will shock-exeite the resonant cir-

25
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-taneous value: of the

such as indicated at k& t6 s inclusive are trans-
and phase reverser cireuits
pulses %’ to s’ inclusive, whose

cuit 12 to produce, corresponding to.the instan-
medulating wave, initia)
undulations % to 1, respectively. The rectifier
tube 3 prevents bositive undulations following

-the desired negative undulations but the problem. .
- of negative undulations resulting from the sharp

trailing edges. of rectangular pulses & to s is

. -avoided by the transformation of the rectangular

- ‘pulses into “edger”

35
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~-tions - that woulg otherwise be

~-made possible by the “edger”

bulses having an €Xponential
trailing edge.  Since it may be desirable, or
even necessary, to have the resulting undulations
produced by shock excitation of the resonant eir-

-cuit of a widin greater than the width of ‘the

original pulses, it will be clear that such resulf is
bulse feature of my
invention. Ifig by this “edger” pulse feature that
I eliminate the broduetion of negative undiila-

~trailing edges of the input rectangular pulses.

“-less than the first undulation,

50

~~eause variations in the normal
“tive ‘undulations.
-cated by negative undulations ki’

For example, 'if the input pulses were of a width
the negative un-
dulation resulting. from the trailing edge . would
shape of the posi-
Such - adverse -effect is .indi-
and the re-
sulting positive undulation Z1, curve D, Fig, 4,
where pulse K is used as-the shock exciting pulse.
i bulse source of relatively nar-

“~row-pulses my invention produces width-modu-
- lated pulses of a-given shapevcharacteristic.

55

From the foregoing -description, it will be read-
ily apparent that the resonantcircuit 2 may be

-+ shock-excited by various pulse shapes -other than

rectangular and “edger” bulses - so. long as the

“'pulse-shapes preseat shock-exciting edges of a

60

‘ment with the tuning

given polarity and of sufiiciently abrupt: potential
change, timed according to a pattern in-.agree-
limits of the circuit.

- timing of the.shocks need not be regular but may

85

“be at uneven intervals so.long as they are sum-

ciently frequent to provide g, sufficient number- of
output pulses to adequately define the modulat-

+-ing intelligence.

< It-will glso be apparent to:those: skilled in the

- ‘art-that the undulation pbulses of curve C, Fig. 2,

70
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-and- curve -D,

“In-fact;,

Fig. 4, may e used ‘directly to
modulate a. carrier. for transmission: burposes,
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t6-noisé ratio of the undulation pulses, however,
will be lower than -for the ‘rectangular -pulses.
The narrow pulses of curve E, Fig. 2, produced
by differentiating the rectangular pulses will sexrve
as modulation pulses for purpose of transmission
better than the:rectangular pulses Wwithout in-
creasing the band width required and with re-
duced transmitter power requirements. Sl

While I have described above the principles
of my invention in: certain ‘specific examples, it
is to be clearly understood that this description
is made only by way of example and not as a
jimitation ‘on the:scope thereof as set forth in
the objects and in the accompanying claims,

I claim: . : ‘ :

1. Pulse-width modulating system comprising,
in combination, means producing- a series -of
voltage pulses, each pulse having :at least one
abrupt potential change, & tuned circuit-having
s - predetermined resonant frequency, ~means
shock-exciting said tuned circuit by the abrupt
potential change of each pulse, dampening means
connected to said tuned circuit for eliminating
all' undulations thereof except the -first - one
caused by ‘said-abrupt potential  change, and
means varying the width of said first undulations,
.comprising @ source of modulating voltage, and
variable means controlling the tuning of -said
circuit to alter its resonant frequency in response
to the instantaneous value of said modulating
voltage.

2. The combination according .to claim 1, in
combination with means ¢onnected to said tuned
circuit for proeducing a pulse from each first un-
dulation having a width corresponding to-the
width at:a given level on said first undulations.

3. The system according to claim 1, in which
said pulse producing meang includes means for
producing pulses having ‘two abrupt potential
changes spaced apart with a width equal to the
width of the widest undulations of the tuned cir-
cuit, and means shock-exciting said tuned cir-
cuit by one of said abrupt potential changes.

4. The system according to claim 1, in which
said pulse producing means includes means for
producing pulses having two  abrupt potential
changes spaced apart with a width less than the
width of the narrowest undulations of the tuned
circuit, means shock-exciting said tuned circuit
by one of said abrupt potential changes, and
means correcting the other abrupt potential
change to a gradual potential change.

5. In a system of the type in which a tuned
circuit is shock excited by a series of pulses, the
steps of varying the tuning of this circuit corre-
sponding t0 intelligence to be transmitted, pro-
-ducing a series of pulses from the oscillations pro-
duced in said shock excited circuit, and varying
the width of said produced pulses in accordance
with the tuning of said circuit.

8. A pulse-width modulating system compris-
ing in combination, a source of recurring pulses
of substantially constant width, a source of modu-
lating voltage, a tuned circuit- having a prede-
-termined resonant frequency, means shock-excit-
ing said tuned circuit in response to said recurring
“pulses, dampening means connected to said tuned
_circuit for eliminating substantially all but the
“first undulation thereof after each excitation,
variable means controlling the tuning of said cir-
. cuit to alter its resonant frequency in accordance
with the instantaneous value of said modulating
- yoltage, and means transforming the undulations

“from said shock-excited tuned circuit to substan-
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- resonant frequency,
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tially rectarigular pulses whose width cotresponds
to the width of the respective undulation.

7. The combination gecording to ‘claim- 6;.in
which said last means comprises an output’cir-
cuit including a low-pass filter and a shaper: cir-
cuit connected to said tuned circuit:

8. The combination according’ to-claim 6, in
which said variable tuning means comprises an
electronic tube in shunt with the said tuned ecir-
cuit, and means controlling said tube from said
source of modulating voltage: ‘ i

9. Pylse-width modulating system comprising,
in combination, a source of recurring ‘stubstan-
tially rectangular pulses of substantially constant
width, a tuned circuit having-a ‘predetermined
ineans. shock-exciting said
tuned circuit by said recurring pulses o produce
undulations whose width is dependent upocn the
resonant frequency. of the circuit, -dampening
means connected to said tuned ¢ircuit for:elimi=-
pating substantially all but the ‘first undulation
thereof after each excitation, means re-shaping
each first undulation into a substantially rectan-
gular pulse of & width corresponding to-the width
of the undulation, and controllable means-vary-
ing the resonant frequency of said tuned circuit
to vary the width of the undulations and the
pulses derived therefrom. R A

10. The method of pulse-width modulation,
which comprises the steps of producing ‘oscilla-
tory energy in response to a plurality of recurring
puilses of at least a given width, climinating all'un-
dulations ‘of the oscillatory energy except ‘the
first, producing a series of substantially rectan-
gular pulses hiaving a width corresponding to-the
width of the respective -first undulations, “and
varying the frequency of gaid’ oscillatory energy
to correspondingly -vary -the: width' -of 'said
first undulations. ‘ ‘ ‘

11. Pulse-width modulating: system compris-
ing, in combination, a source’.of  recurring ‘sub-
stantially rectangular pulses of stibstantially con-
stant width, means transforming said rectangular
pulses into pulses having one substantially ver-
tical leading edge and a gradually downwardly
curving trailing edge, a tunable circuit having a
predetermined resonant frequency, means shock-
exciting said ecircuit by said transformed pulses,
dampening means connected to said circuit for
eliminating substantially all but the first undula-
tion 'thereof after each excitation, a source of
modulating voltage, means varying the tuning of
said circuit in accordance with said modulating
voltage to produce undulations. of varying width,
and means transforming. the undulations from
said shock-exeited circuit into substantially rec-
tangular pulses of a width determined by the
width of the successive undulations.

12. The combination according to claim 11, in
which said last means comprises an output circult
including a low-pass filter and a shaper circuit
connected to said turnable circuit.

13. The combination according to claim 11, in
which said variable tuning rmeans comprises an
electronic tube in shunt with the said tunable cir-
cuit, and means controlling said tube from said
source of modulating voltage.

14, Pulse-width modulating system comprising,
in combination, a source of recurring substantial-
ly rectangular pulses of substantially - constant
width, means transforming - said rectangular
pulses into pulses nhaving one substantially ver-
tical leading edge and a gradually downwardly
curving trailing edge; a tuned circuit having a
predetermined resonant frequency, means shock-
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€Xelting sald-tuned circuit from said transformed
recurring: pulses to produce undulations  whose
width is -dependent .upon: the: resonant frequency
of _the circuit, :dampening means connected: to
-said--tuned .cireuit for eliminating substantially
all but the first-undulation thereof after each ex-
cita;tion,,means=re-shaping each first undulation
inte asubstantially rectangular pulse of a width
corresponding. to .the width of the undulation,

and controllable means varying the resenant fre- ;

quency of said tuned :circuit to vary the width
of :the first -undulations and the pulses derived
therefrom..

15. Pulse=width modulating system comprising;

An .combination,-a Source of recurring,
-narrow,-substentially rectangular pulses -of sub-
stantially: eonstant :width, ‘means transforming
saidnarrow rectangular ‘pulses into wider con-
stant-width pulses having one substantially ver-
tical.leading -edge and a gradually downwardly
-eurving -trailing -edge; a tuned circuit ‘having a
-predetermined-resonant frequency, means shock-
exciting: said..tuned. circuit by :said transformed
.pulses, dampening means connected to said tuned
cireuit, for -eliminating: substantially. all but fhe
first -undulation thereof after -each excitation, a
source -.of modulating voltage, means varying the
tuning of said. eircuit in -aceordance  with said
modulating voltage to produce  undulations of
varying-width,-and means transforming esch first
‘undulation. from- said shock-excited. circuit into g
substantially - rectangular pulse of a width deter-
-mined-by the width of the corresponding unduls-
tion. -

16.: The.method. of pulse modulation, which in-
~cludes;the.stepsof,—producing a'series of relatively
‘Rarrow.rectangular -pulses of substantially con-
stant width; producing a corresponding. series . of

wider pulses each having a substantially vertical
leading edge.and an asymptotic trailing edge,
translating energy of said last series of pulses into
oscillatory. energy, -eliminating all: undulations of
the.oscillatory. énergy except the first, producing g

relatively .

o
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40

Serles-of substantially Tectangular pulses having

2 width corresponding to -the. width of said first
undula;tions,-and»varying the.frequency of said
oscillatory -€nergy: t0- correspondingly vary: the
width -of said-first ‘undulations.

17. Pulse width ‘modulating system -comprising
- -source -of electrical pulses, means. to produce
oscillatory - energy -in response: to- each -of .said
pulses; means t0-eliminate all undulations.of the
oscillatory -energy-except -the - first; undulations,
and-means $o vary:the:frequency.of said oscilla~-
‘tory energy ‘producing means: to. effect g corre-
sponding -variation-inithe base width-of said first
undulations;: - :

18. The modulating system according to.claim
17; further including :a signal. source.and means
to apply. Signals:from:said-source -to-control the
means-:for::,vraryjng::ﬁhe;sf;requ.emy .of :said .oscilla-

tory-energy..-

19. ‘The:modulating: system according -to-claim
1, further including:means for-shaping said first
undulations:zto:produce;pulses.pf,a‘pr_edetermined
form-modulated: in-width. according-to - variations
in- the:base-width-.of said-undulations.

20. !I'he»modulatingisystem according to claim
17, wherein said-means to.produce, oscillatory en-
ergy-includes-a resonant -cireuit, and said means

‘to vary thevfreque_nc_:y of sald. oscillatory energy

includes .means for controlling the resistance in
said tuned circuit.
DONALD D. GRIEG.
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