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_.moduletmg systems, and

- signals, and

o lating system i1 accordance w1th the
- Lventmn,

o cherecterlstlc

~ one polarity. .

~ energized by a m
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ThlS mventlon reletes to
more
novel methods and means
- pulses

 pending application Serlel No
- vember 23, 1943,
" An object of the present 1nve1'1tlon 1s to provide

o | a, novel method and means ior width modulating

g ‘series of normally equel-mdth pulses for

trensm1tt1ng intelligence. |
. Another object of this mventlon 1s to provide'
o pulse-width modulating - system of improved
. dynamic range and mmlmum verletlon 11:1 aver-'f- o

l ege DOWEL.
- Another object

variable width pulses.

~ with predetermmed mtelhgence to be trens-

'--;:mltted
SR These and other obJects capeblhtles and ed—
- yantages of the invention will’
”subJomed detail descrlptlon of one: embodnnent |
---:-_;.j-_”.speced equel—w1dth rectangular. pulses atodin-
25 '
- . plied | to the resonent c1rcu1t 2.
~gource | however, may be
~long as they present one edge, either leading Or T
timing as. will be

thereof, 1llustra.ted in the ac-
whlch

- and & modlﬁcetmn
'-comps,nymg drawings, in

s g, circuit diagram,

- form of g preferred form of P

Pig. 2 is a dlsgrem 111ustret1ng
) emple the time relation

- g 3 is g circult diagram
form.of a mod1ﬁed form of pulse—mdth modu-

. -"1et1:ng circuit;

1mprovements in” v
particularly 1o
for mdth—module.ting'_
in accordance with mtelhgence-sigmfymgj

is a contmuetmn-m-pert of my co-
511 406 ﬁled No- S

o of tlus mventlon 1s to derwe'
o :»from 2, pulse <hock-excited circuit, a. series of .

pe.rtlelly m block-' |
ulse-width modu-. -
present m—g_-
-~ trailing;: that follows & glven.

by Wey of ex-
o between a series of un-
~ modulated pulses, & moduletmg wave and the
“resultant mdth—modulated pulses accordlng to: o

~ the system illustrated in Fig. 1;
pertla.lly in block- |

1944, Serlel No. 547 122
- 20 Claims. | (Cl 1'79——171 5) |

'- edd1tlonel 1mpedence
~whose value, if varied,. will - change the tuning

~of the ‘circuit 2 within
- Hmits.

across the tuned c1rcu1t 2

mg signal across the tuned- c1r1cu1t Wthh Serves

. to vary the resonant frequency thereof by well

.. known. laws.

‘Since- the. tube 4 is pe,rellel to the

resistor R w1th respect to the tuned clrcult 2,

10 there will exist a modulation component across,

- resistor ‘R.. The res1stence R is- selected high

high-pass filter

 relative to the resistance of the tube 4. By pass- -
-ing ‘the output from the tuned c1rcu1t 2 through a
8, the low moduletmg frequency

'-;_components produced ecross re51stor R are re-

.. moved. The output. of fiiter 6 is passed through

appear from the ..

30
. will have a- normel
will be varied by
'a,ccordence Wlth
. cated by way of.

- If it is gssumed.

35.

Fig. 4 is a dlegrem s1n1'11er"to_.'tl‘i'g,."-'2;'illlostra';t_'_. -

' o mg the mode of Operetlon of the' systemshown
- in Fig. 3. Lo e

" 'The form of my mventmn shown in Fig. 1

" jpcludes a voltage source | of any known type
abrupt potentlel change -

| ‘A suitable  form 111ustreted is.
-~ one . which produces substentielly rectangular

~ pulses such as @,

which has a reletlvely

: b. This series of pulses
' plied to a resonant circuit 2 across

‘nected a rectifier 3 whose purpose is 10 limit the
| --unduletlons resulting from: shock excitation of

“the circuit 2 to the

- resonant circuit

'-jmcludmg tube 4 whose. control

s well known in the ert the ’

is-ap-
which is con-

first, primary undulatmn of

Also in effective. shunt with the
. the shock-exclted

modulating yoltage. source: 5.. As
ube . 4 presents en__

40

9 is connected a reactance clrcult_-'_ .
erid, n. turn, s
 width, for example,

55

treﬂmg edges. thereof

quency will then vary
-~ mined by
‘points on the

pulses o 1o 7.
- the resultmg pulses a1,
equal width since these
: undulations of the. shock-exmted c1rcu1t
take place. when the moduletmg ‘voltage - con- -
trolling the tube 4 is at zero value.. As the. modu— AR
‘“the tuning of -~ -
circuit 2 varies so. that the first
undulations ‘produced will be. of slightly greater SRS
pulse b1 is ‘wider than @1,
velue of,; SR

g suitable sheper and emphﬁer 1 for the purpose

moduleted in accordance of re-shaping the pulses into. the rectangular

_pulses which, if desu'ed may

» _20'_._.l_by

be further shaped
at 8 into narrow
the leedmg end |

dlﬁerentmtion and inversion
pulses corresponding 111 tlme to

In Fig. 2, curve A represents a, serles of equelly'i’-'

clusive, produced by the pulse source. i and ap-

further: explemed herelneft "This. c1rcu1t 2
resonence frequency whlch
the operetlon of the tube 4 in

some moduletmg source mdl-

" quenecy of the t tuned circuit 2 occurs at maximum
- negative modulatmg voltage, the resonant fre- .
between 11m1ts as deter-
and- negetwe -

the memmum pomtlve
modulatmg voltege curve..
The series of waves

pulses represent
which

letmg voltage mcreeses however

Whlle e, oecurring et the peek posﬂ:we

certain. predeternunedf :_ BT
‘In this embodlment the tube & provides SR
%3 yesistance varying in. step with the modulat- .

The pulses of
of various: shapes SO

example by the voltage wave B.
that the normel resonence fre-

3 indicated at C, F1g 2 1llus-
: ,;_tretes the first undulations which appear from o
" the output of the resonant, clrcult 2 upon shocl:
—excitation. of the latter from the series of applied
1t wiil be noted, for example, that e
e1, and J1 will all be of =~

the first -



the modulating voltage __ _ lu-
- lation: produced. “Conversely, as tha ‘Mmodulating
| he pulses decrease in width,
width as by,
age curve 3-ch&ﬁnges to
‘negative value the pulses become
f11s narrower than

- voliage decreases, t
- Ior example, d;
- and as the
. - an increasing
. increasingly narrower so that
61, and g1 at the maximum n e value _
- narrowest pulse of all. As the modulating voli- . - i
10

i1 will be of the same
modulating volt

egative value is the

- agecurve rises, the pulses again increase in width

- 28 Indicated by undulations k1 and 41,
dulations a1 to 4y,
 “shaper

- the modulat

- d upon ther
~ lating rects,

-after

: Passing :thro
and amplifier

¥, may

respectively,

-

Ing voltage applied from

eactance tube 4, These

previously explained; be differentiat

-row pulses qz, '3, ete, corresponding o the re~

- Spective -leadingfandf'ftr'a;iIinga}fedges.. o

~the shock .

- eircuit as Pbreviously- d

~ insure that a-pulse .of curr
A and B; passes through. the t
1S accomplished by means

‘sistance 9 of Fig. 1.

 hegative undulation ¢’ __ 1-Would: 0 |

- follow undulation ¢1..” The. rectifier -3 also. elim-
. ‘undulation which. would be
- - caused by- the trailing edge Of the:original: rec-
sexample;ﬂ!the:.;-_nega-tive:--r_un-;___ |
would otherwise. res ult from
bulse :A-and-the negative un-

-~ inates the- negative.

~ tangular pulses,: fo
-~ dulation @'t ‘which
-~ the trailing edge of
~ dulation ¢’ "1 which we
- -the trailing edge of the:pulse
‘case would- start- simultane
o tive.modul
= tion e1.

- simple- pu;l'se;wi'dth‘_f.mbdulatm‘ga system: produc~

- ing, either f er'-?‘di'r'ect:.-tr'ansmi-SSitm-ipurp.oseﬂsj,{:‘Jr..- for = sulting positive undulati

uid be noted here.t der took
voltage undulations across the. tuned
escrib

I

‘would -otherwise result- from

ously-with the negg-

ation-¢’r following :-the_':p_o'-SEtWe undula-

- an-RF carrier 'mddula}tin'g*-DIOt'ential-;-- Pulses which

_ - will be of substantially-. L' a1
 aremodulated in width according to i

~ Or ovher signalling modulating source. . -

 Inthe event that the‘original re ,
- are relative narrow; ther eby- preventing the

ctangular p

~'porated i Fig. 3 a so ~called “edger” circuit dis-
- closed inmy copendi
- to: For example; in
-source I’ which
- ‘pulses k, I; ete. :
tlated by ‘the -condenser resistor : differ
- circuit 9 and-applie
~ Which includes- the -

ng application ahove
Fig. 3 I have disclos

These pulses are first

triode (1. .-

- output of the circuit' 10" in the -negative sense,

 are pulses
| --pl’_EfE‘Ifa.b]y I}assedthrou 3
~ producing positive
~example, at &', I', ete. -

1.. -

having a relatively igh
and anasymptotic ‘trailing edge.” :F

These “edger” pulses are

_Wave is the tﬁide'sﬁ{ Mo u-

ive,
spacing as the original pulses ¢ o4+
out of varying width dependingupon
the-source -
. final modu-
ngular pulses may, if desired; and as
ed into nar- o0
- formed by the edger
- Into wider “edger’
--leading edges
- cuit {2 to pr _ C
-taneous value of the
- undulations %1 to s,
tube 3 prevents POsi
- -the desired negative undut
_c}f---neg-ative--.limdulations resulting fro

re-that in"order to:obtain

ed it is:necessary to |
ent:'similay 1o ‘waves
uned circuit. This
‘of:the high series re-~

,-and which in this

eqﬁu"a‘liamplitucie;a,n@,wmch |
ntelligence

-referred - "pulse-shapes
€d a-pulse .. .

‘may: produce-rel atively narrow

The un- -
be reshaped, if de--
- sired, into ‘rectangular pulses 02 to §a el
~of the same.

15
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- 'coniiectio_n'sl)_'; 1in shunt
2 and the tube 4

- shock-excited r

- ever, that the tube 4 is cos __ =
. rectly to t_h_e.-_.r-esoha,zlt_ circuit 2, thus Substan-

. modulating ecircuit ilust
~seen that a series of n

With the resonant circuit
is controlled from the modulat-
ingffVOIta-gej'sour-e-e' ¢. The pulses derived from the
are passed

esonant. circuit 2 _
haped in the
noted, how-

through the filter 6 ang may he re-s
shaper and amplifier 7. 14 will be
is connected,

1

since in that ease the modula-

will be negligible, |

of diagrams the action. 2 1 E: he
rated in Fig. 3, Tt will be

Such as indicated at % to s in
.and phas
- bulses &’ to
‘Will shock excite
oduce, corr

$’ inclusive, whose
'the--r.eson_a-nt cir-
ésponding to.the instan--
“modulating wave, initia]

tive undulations following

- -avoided by the transformation. of the rectangular -

>95 - pulses into “e
~7 - tralling edge
~% - even necessary, to
Yy 35

C ey

50..;

straight-leading

‘broduced by shock _
-culb of a widith greater than the
- original pulses, it

~-made possible by
- Invention. It is by this “edg
40
-tlons that would oth erwise be
trailing edges of the input re
For example, if the Input pulse
- .--less than the 1 |
45 dulation resulting from the tr

PN
- -

tive -undulations.

1Iy ,a;'ppare nt that the
rectangular and

55 .

~‘glven polarit
y- 1ar 60
differen--
entiating

‘circuit 19
roduced in the

‘ment with the tuning

~ be at uneven interval

dger” pulses having an exXponential -
. Since it may be desirable, or
have the resultin
excitation of the

resonant eir-

- Will be clear that such result is
the “edger
er;:
produetion of

I eliminate the negative undila-

first. undulation, the. negative un-
cause variations in the normal shape of the posi-
-Such adverse effect is JAndi-
cated by negative ‘undulations ki’ and the re-
on i, curve D, Pig. 4, -

where pulse K is used as.the shock exciting pulse.
- Thus, even with.a pulse

~“TOW-pulses my inventio
. lated pulses of a given
ulses " '

Pro=

sSource of relatively nar-

shape- characteristic,

. From the fﬁfﬁegomgid'eScr__imi011,. it will be read-
resonant circuit 2 may be
us pulse shapes other than

“edger” pulses so long gs the
bresent shock-exciting edges of a-
y and of sutficiently abrupt: potentia]
change, timed -according to 2 patiern in agree-

Ii.-'a,tEny de ﬁ:ne._ themodula,t- -

1150 be apparent to those skilled in the

the .undma_tio.n%pmses of
modulate a carrier for trans
ation buis

of the plate-and cathode - 75 of theleading and trailing edges. ‘The signal-

in. effect; di- -

_ ered ouf at -
- 6. Where the: circuit 2 has g high “Q” the filter
-~ 6 may be omitteq a o b1 odul:
‘tion components _ B
S In Fig. 4, I have roughly indicated by a series
which takes place in the

arrow rectangular bulses,

© reverser circuits -

respectively. The rectifier
ations but the problem | -

_ re: from the sharp
trailing edges of. rectangular pulses & to s is -

g undulations
width of the -

” pulse fe ature of my .. |
leEE' T eature, that :
ctangular pulses.
S Were of g width

ailing edge would

n Droduces width-modu-

| g limits of the circuit, The
- timing of the-shocks need not be regular but may -
- S s0.long as they are sum-
_ clently frequent to provide g ‘sufficient number of
output pulses to adeq
- and curve -D, Fig. 4, may he
70 |
- +hese ot are - In-fact, these und
then applied to s high plate impedance tube 13, -narroy
the output of which is connected to-the resonant - < .j
circuit 2. '_‘A*--rectiﬁer:i-s:_:_is
(except for the reversal

curve C, Fig. 2,
used directly to
mission: purposes, =
es require a much



- ing in combination, a

t5-noise Tatio of the undulation pulses, however,

will be lower than for the rectangular pulses. -
£ curve B, Fig. 2, produced

The narrow pulses o

by differentiating the reéctangular, pulses will serve |

“as modulation pulses for purpose o1 transmission

better than the: rectangular -pulses without in- -

creasing the band width required -and with re- 3

duced "transmitt-er;:*power-’- re‘qﬂirements; BT E

- 'While T have described above the- pri
of my invention in: certain ‘specific examples, it

_is to be clearly understood that"'thiS-'dEScription o
is made only by way of example and not as a o

limitation on the scope thereof

- Telaim:

in combination, means producing a series of
voltage pulses, each pulse having at ‘Jeast one -
tuned circuit having
g predetermined resonant frequency, - means

 abrupt potential change, a

shock-exciting said tuned circuit by the abrupt

~ potential change

_ . '"f-'-each'pulsei-da,mpg_ning.mea,ns =
 eonnected to said tuned circuit for. eliminating

as set forth in
the objects and in the Ia_ccompanying".cla,im:s,_;,--,_.__ B
1. Pulse-width modulating system comprising,

20

all undulat:ians-;thereof- except the first —one.

eaused by said abrupt potential change, and

. means varying the width of said first undulations,
 comprising a 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 &0 WIWH es the steps ol Proaucing oseiva~

SN ST I - . toryenergy in response to a plurality ot recurring
| 2. The combination according .0 claii:ri,*l_,‘ in pulses of at least a given width, eliminating all un-
_ combination with means connected to said tuned

circuit for producing a pulse from each first un-
dulation having a width
width at a given level on

said pulse producing means includes means for
producing pulses

 circuit, means -Shock-excitiﬂg'said'tuned‘circuit

by one of said abrupt potential changes, and
‘means correcting the ouiel &
change to a gradual potential change.

5. In a system of the.
- sponding to intelligence

the width of said produced pulses In accordance
 with the tuning of said circuit. .

. 6. A pulse-widih modulating system compris-
' source of recurring pulses. i

~ of substantially constant width, a source of modu-
- lating voltage, a tuned circuit having a prede-
 -termined resonant frequency, means shock-excli-

 ing said tuned circult in response
. pulses, darmpening means |
circuit for eliminating substantially
“first undulation

corresponding to the °
said first undulations. o
3. The sy’stem-i_accordingto_'claim 1, in which 5 > dinely  vary
. said pulse producing means includes means for 0 correspondingly -valy
~ producing pulses “having two I L
“changes spaced apart with a width equal to the:
 width of the widest undulations of the tuned cir-

‘abrupt potential

having two abrupt potential -
- chang_es*_spa,ced-apartwith a width less than the

15¢ to said recurring
connected to said tuned
all but the

thereof after each excitation, 7o

25

30

 first undulations.

40 11 Pulse-width modulating: system compris- -

~“to the width of the respective undulation.. = -
7. The :combination-';a’ccc'}rdingfﬂto"f’claim-- 6,.in .

R N Pulse-width
in combination, a source of recurring substan-
tially rectangular pulses of substantially constant
width, a tuned circuit: having- a: predetermined .

~undulations whose width is dependent upon
- resonant: frequency. of  the

" first, producing &
35 gular pulses having a wi
- width of the respective N
varying the frequency of said oscillatory energy - :
the width -of ‘said

tially rectarigular pulses whose width cotresponds

which said last means comprises an output’cir-

cuit including a low-pass filter and a shaper-cir-
~cuit connected 1o said tuned T
© 8. The combination - according to claim 6, in
' which said variable tuning means-comprises an
ciples = -
10

circuit;

shunt with the said tuned cir-

electronic tube in

cuit, and means controlling said tube from sald -

source of modulating voltage. g

modulating system 'cdmprisiﬁg;

- resonant freguency, means shock-exciting said
~tuned circuit by said recurring pulses to produce

' _ the
¢ircuit, -dampening

means connected to said tuned circuit for elimi- -

" nating substantially all but the first undulation
“thereof afier each ;egcita;tion;----més;ns"-fre-shaping -

each first undulation into a substantially rectan--

“gular pulse of a widih corre'sp'onding-_to--the!width o
of the undulation, - means vary-
" ing the resonant frequency of said tuned circuit
 to vary the width of the ‘undulstions: and the

pulses derived therefrom. - Cep e D

‘and controllable means-vary-

P00 The method of pulse-width ‘modulation,

which comprises the steps of producing ‘oscilla-

" dulations of the oscillatory energy except the .
series of substantially rectan- -

dth corresponding to:the
first - undulations, ~and

" ing, in combination, a sourceof recurring sub- |

cuit 'a,n'd"me’an‘s"'sh‘ddk-éﬁr.citing'isaid' tuned cir- :"sﬁantia_,lly fe-ctaﬂgulﬁff13'”15’35'"'0'f"'Slib'st&ﬁti&llyi"Cﬁxi'— -
cuit by cne of said abrupt potential changes.
4, The system according 10 claim 1, in which .
~ curving trailing edge, a tunable circuit having a |

forming said rectangular

stant width, means trans

pulses into pulses having one substantially ver-

tical leading edge and a gradually downwardly . .

 predetermined resonant frequency, means shock-~

exciting sal

d circuit by said transformed pulses, |

 dampening means connected to said circuit for

50

65

‘yariable means controlling the tuning of said cir-

_cuit to alter its resonant frequency in accordance .
said modulating
- voltage, and means transt orming the undulations
it to substan-

- with the instantaneous value of

- from said shock-excited tuned circ

(o

,,jwidth'of the successive undul o
12, The combination according to claim 11, in
60

~ which said variable tuning I |
“electronic tube in shunt with the said tunable cir- -
-~ cuit, and means controlling :said'tube_'from said -~
- source of modulating L "
© 14, Pulse-width modulating system comprising,
 in combination, a source

‘eliminating substantially all but the first undula-

potentlal NE : - tion thereof after each excitation, a source of -
the other abrupt potentlal . modulating voltage, means varying the tuning of
gl Clladlste o -7 sald circuit in accordance with said modulating

o type in which a tuned y widi
circuit is shock excited by & series of pulses, the 55
steps of varying the tuning of this circuit corre-
to be transmitted, pro-
_ducing a series of pulses from the oscillations pro-

" duced in said shock excited circuit, and varying

voltage to produce undulations of varying width,
and means transforming the undulations from

- said shock-excited circuit into substantially rec- |
- tangular. '_p‘[]lses of a. Width

‘determined by the .
ations. =~

~which sald last means comprises an output circuit o
~ including 2 low-pass filter and a shaper |
 connected to said turnable eircuit. . :

circuit

. 13. The combination according

means comprises an

voltage.

¢ LL10T rce of recurring substantial-
ly x ectangular pulses of substantially constant

‘width, means transforming ‘said rectangular
. pulses into pulses having one substantially ver-
" tical leading edge and a gradually downwardly
curving trailing edge, a tuned __ RN
predetermined resonant frequency, means shock- :

to claim 11, 111 S

circuit having a




éxelting sald tuned civey

'. 9’444fé3?

it from said transformed

- recurring,pulses to produce undulations whose

‘width is -dependent upon. the resonant frequency

corresponding

‘quency of said tuned

 of ‘the first -undulations and the pulses derived

15, Pulse-width modulating system comprising;
_ relatively
. -Narrow, substantially rectangular: pulses of sub-
 stantially: constant. ‘width, ‘means transforming

1n -combination,-a source of recurring,

-~ 8aid:; narrow rectangular pulses into wider con-

Stant-width pulses having one substantially ver-
downwardly

- tical:leading -edge and a gradually

- -curving.-trailing -edge; a tuned circuit ‘having a

: -_predet-ermined:-reson;ant---freqju'enc-y, means shock~ .

~ exciting: said..tuned. circuit by said transformed o

-pulses, dampening means connected to said tuned -

- -circuit -for -eliminating: substantially. all but the
first-undulation thereof after each excitation, a

~source _?.of-jmodulating_-Volzta,ge,_-meansﬁ-mrying‘~._the |

‘tuning of said. circuit in'.=_-'a;c-c:-0rd_a;nce*:.-.W_ith said -

. modulating voliage. to produce undulations of

" Lvanying'_—»mdth,f--and'-m'eans-tr-ans;i:‘ormmg_ each first -,

~_-undulation from said shock-excited. circuit into a ¥

substantially rectangular Pulse of a width deter-
- -mined-by the width of the corresponding. undula-

" tion. :

16, .-'-I‘h“eameﬁha'dr of :pulse modaulation, which in- Y
. -clude's.---the.-'ste_ps;af_-pmducmg_a'se’ries_'_of relatively .
- ..harrow.rectangular ‘pulses of substantially con- o

- '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. energy except the first, producing g

=

-Serles-of substantially rectangular pulses -having
‘@ width corresponding-to-the. width -of said first
. . per , . undulations,-and -varying
- of the ocircuit, .dampening means connecteq to '
said--tuned .circuit. for eliminating: substantially
all but the first-undulation thereof after each ex-.
- citation, . means re~-shaping each first undulation:
- Ante aisubstantially rectangular bulse of a width

the frequency of said

- oscillatory -energy- to- correspondingly .vary the
width of said first-undulations. . o
17 Pulse width ‘medulating system -comprising .
.a -source -of - electrical pulses, means. to ‘produce -

- oscillatory - energy -in response to-each of .said

to .-the'f--width._:'qf-"the' undulation,
ireuit to vary the width

-pulses;:means to-eliminate all undulations of the
-;os.cﬂ-lat-_ary--,—=.-ene1:gy:;.excﬁpt.-;;ttzhﬁ;:-ﬁ-rSLi' -undulations,
‘and:means to vary the frequency.of said oseilla~ -
. tory energy -producing means to effeci g corre-

| -spondm'g.r-mriatinn-‘in-it-h;e; base width-of said first

- undulations; - .

18. The ma'dulla,ting]systém a;c'cerding 't'o",-._c?la'im' |

- 17;further including:a signaj. source-and means
‘o apply signals.from :said-source -to .control the
;-means~-n-for;:xzammg:;thegfz-iil*egu.ﬁncy .of said oscilla~
tory-energy.- B

19. The:modulating: system according to-claim

17, further including:means tor-shaping said first
- undulations:to-produce ‘bulses.of a predetermined
- form-modulated:in-width according-to:variations
“In-the:base width-.of sald-unduylations.

~ 20.The modulating .System-according to claim

- 17, wherein said means to.produce. oscillatory en-
- ergy. includes_-..a,._x:eS'ona-nt”;circuitgla,nd-. said means =

30

~ Number
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to-wvary the frequency of said. oscillatory energy
- Includes means for controlling the resistance in

said tuned circuit, SR S |
T ~ DONALD D. GRIEG.
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