18

@ 73-10-1-3

"
HI

Z R iR BUkdl st 5T

Study on Poly-phase Envelope Detection System
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Abstract

In AM detection system, when the ratio of the frequency of the carrier to that of the modulating
signal becomes less than a ratio of approximately 10:1, AM detectors become unable to detect the
impressed signal in a satisfactory waveform. The failure of detecting such a super wide-band AM
signal resulting from charging and discharging transient phenomena in associated diode circuit
during the detecting of AM sighal, has been a cause of limiting the channel capacity in AM or FM
super multiplexing systems.

This paper presents the “Poly-phase Envelope Detection System“ as a suitable method to solve
the problem and the analyses of the system suggested. This system will make it possible to take
the envelope out of the impressed AM signal to any desired degree of accuracy even when the ratio
of the frequency of the carrier to that of the modulating signal approaches unity.

Experiments were carried out to verify the validity of the theory of Poly—phase Envelope Detection

System by adopting the frequency conversion method from among the two proposals.

&4 7] '] B A= ARG AERE ¥l
ghowl otmElvh. o)ehe]l WUMEMR M
i@‘})ﬂ/‘]i 1 AM ¥e] SoRe] ke B
kel Rt ot 1: 1o BsiAl sl

I. % L
HEBEANA L Br o we 8

Eu i [L'TI ;\L

FRGGIRRE)Y Mg #nd A4S de

FEER, ASASHTRAR, o|fffs X&MLY
R#Ez o] Folg 4.

:LEM AM ol oA RIS TH RO
BHERY EREeY Ko 1: 1] A3A 59



SHGRR Bk W #HE 19

ke AMBBARLEE HKE + st o
AL tfole S A= RCERBESE
of EEZH.

o MBS B Bitod HAEE olnl &4
LiERBR LY Mgl ol & BEI Yo
v KGRl A = MR Sl BRE WuRsl
Ak,

g RAKEE By AMESRSE 3
WE ksl &#oER  LiEMA 61,6z, 40,
& E4E #49 FoleSTE WA A K
BTl A AR Aolvk. o HEMuMMR
BELe2 & HHEHE i3 2o 42
e mE WA MY Eres gk B

()= 21 E,(1+m,cospt)sin(wt-1+6;)
D

A7A L=chol o428 HE

—fkE o2 n U AEERRRRE b R
AM 9 ol A H£ES HEEE 4L 5 Y
o SHEERRKES RGeS Y
SRS ARY 5 3T AA e AR
I EFA = A A R T

I. sHELKEREEER

10: 1 F7 #9 #@Eot AagEsiAl g FM
e Higel Yol = FM#Epe #ags
»m WA FM EE AM )= s 7] &% AM
Bl Al wikRe WA oz AM S R
o] sgZiEel FA—3 Mo &FEA . b S
A EE e BHRS AM Y il R}
718 g
a8 1(a)e WRikel Rpmel MEE%e Mk
gete] o 21190 AM S 28 1(b)9 tel
SSEREEEE BT KRl

SHEEKREREERY /37 $4A4 Tk
#aRe ol LY HERE-S BEIN:
Aol BEZT A& Aot AF AEKE WE
ZHel RS ARBECT Pol #HERE #H
¥ AMEES GeRes Fr¥ & Ao B

e(t)=FE,(1+m,cospt)sinwt (D
{8 m,=$EHE

o] AM IE P mas Hikd 5l ik

H HhErL
e,(D=7E,(1-+m,cospt) X

(sinwt-+ |sinwt|)
5 @

2 HR"Ac 9714 (sinot+|sinet])/2E S
W(sinet)Z &5ie 82 47 Aolw Fourier
Hm= mhstd -5 2k A

2 4k*—1

ROl A TR whshge] AM e oA Csinottlsinat))=—(1+% sinat—25 -2kl )

WoRwke] Mikiel BARERS AikEe U

t
w €RCcurve 7/
. .

Detected distorted wave

e(t)y=Em(l+ Macos Pt}sin it

a3 1 )~k Ak BREER Rkl
k7h 2:190 AMEE 231 (D93 ftkd o
o2 FHWEIKE KWL K.

291 (D)~% thol & = kBl k.



20

W

et

1973% 38 ETILREE FI0E F1H

y=Em(I+Macos Ft)sin it

l (8 .
+E09 G eyt

—Emsme—»E‘rD- sin{w-P)t+ 5

ot )=Em(I+MacosPt)sin(wt-120°)

= Emsin(wi-1209+ 2208 6in (- P)t-120°)
Em

Ma
2

+ 5|n[(w+P)T 120°)

v
y ! \
\

23 2 27 19 AM#E

o & (DRl RAFE DAL H83
ERE szm El

e.()=

7ol

=m(14-m,cospt) X

5 cos2kwl
(14 sinat —g3; -C27ReL )

6 [(1+macospt)+% [Sinwt

~~~~~ (sm CerI))tJran(w—l))t):l

—ow [ cos2kwl
ZZ[ Th—1

k=1
_cos(2ko+-pIt+cos(2kw—pt
4k?—1

_ hi,
2

I

©)

%L 27 B Bl ERANSE ¢
G Tk W ERETE] SR cosp)TH
BUC)SE WHHCokp), BRI WK
(2k0)sh RS PG WS DAHEC2ho-tn)
s A gl gl

i mEe] A SWIE AT Rk 159
Ae BEERSY 28 B REERS & BRES
o of &w] o] 2 HMIHEKSS o>xp L BB
£ WY RCEBE BET + A

Tho] 2.9 = aEE(LY 1) R-C Yelz
BERPE MEAd L 0—p) 25
5o Aol HAAE Ru A sefop 3
W i Pol HalAE Ruch 44 Aok

=Em sin(wr—240")+ti"2mqsm [(w—P)f -240°)

+E—”ﬂﬁsm( (W+P)t-240°])

ZHEMBRBET B,

o] ML g FEReE FRE 5 Y. 0
L<R<7L @

AM B E ke 5l Diagonal clipping &

= [ v}dfM TS #AA 7] 53 HRRY

=

Mop= 77}- A e WRe g 2
2 ;&'Jric“ o7 34 & ¢ U4 B
10 1 '
J"\Rmaf—p? (5)

(B¢ 2 Rk Mol SPERA A
B#ere ol 100139 Aokd g & 4 Ao
P AM 9] 2HBE(ZERRDS Hld X
A—3 Hos HEd BHEHE deRoz
Frg 5 Yok A
e,()=7F,(14+m,cospt)|sinwt|

_2 ) cos2kwt
—ann‘[(leracosj)t) 2% peaka

cos(2ko-+ Pt +cos(2ko—p)t ]

M 1R —1

©)
o974 (% BDRE HHed] uxl GR
& theat o] W 2 4 Yot

10 |
e~ Rm,=<—— e D

(D, @), B), 6 2 (DAE Z@shd WARN
F(A+m, cospt)sh MBRBRTE nHERT A
shel M WA WBOREY MEE RS A




SiEERR Bk WL R 21

Ete 100904 i1z 39 4 gee
4 4 9ok 2P mE @ AR AM G5
B HERE SRV T nARESD BB
o Mulsl BEERS MK 2 afse
A o2 BARKDE mlise Aol nlek
BaA .

29 2% 2¥ (a9 2e AMEE 3k
BBED WHolH AM S @l ojwA %
o|A £t & Jehlz ok

DR} (ORL FHaal o} npAsA e Fi
2% niEkERENRY BBE BRdE oo
AW SR 2.

e,()=9E,.(1+m,cospt) X

-

y=ny 2ny Iny v

2cosval ]l
G+DG—1)

= vEmg-l%Sggl [1 +m,cospt

2cosvel

- I [ einesD

m,[cosCuw—p)t+cos(ua+p)t]
+ G+DOG—D :“ ®

B n=40%=2,3,4,

I. SHEKRERES 8K

A F7A HEDEREEES FERS EEsH
Fod A7 A& LiHakBREEEREY] BRIRS
AEer) = gch. FERiETRY #BReA KBIE
W Rk CARBARS 48T 5 3
o},

(D 7 Bt v

28 3(a)v HHEORE Bk A o] R
Bke RécEol . BEIRSRERZYHY G5
T nZHE HiKY e Fd ZEHAS &
WAL F7 B3o 4L mmdsh %
LEAS 29l EHEKEN = B2RAHAA 81
PHBEERY Bastd g2FHBES®E &
4ot AFEBEBRER Y HEH N TAA
thol 2 St B sl WAME » AHEHEEKN
7k o] Fof At

23 3(b)xE FM B8l 3 HEEMERE
pol A o) BB RS Rkl ot o &
= BIRHERSINEY EHRE I 5

J7 ‘ '
st 2nd
AM - SIGNA N ,
-~ ICNAL Sub-mixer, IF Amp, N
H
Main I'st Ist Phase .
Mixer IF Amp.I™ ™ shitter (0)
— 2nd 2nd
Main — ™ Sub-mixer IF Amp, ”
Local Osc; _T‘_
2nd Phase 1
Shifter(©) ;
o= b
L nth 2nd
" Sub-mixer > IF Amp, "
e — °
Sub- Nith Phase | r
local Osc. Shifter(in-118) o OuUT PUT
(a) -



22 1973% 38 WTIBE% HI0% %15

t FM SIGNAL 1st ) z2nd Ist FM-4M
/ Sub- mixer IF Amp Converter ) l
L.
Main T st st Phase
Mixer FFAmp{™] 7| shifter(o)
2nd 2nd 2nd FM-AM
o 1 ~ M —
ain Sub-mixer |F Amp Converter
Localose.
2nd Phase I
3 i
t— Shifter(0) :
|
LI |
0« 2n1r =
t !
L nth 2nd nth FM=AM
fom— 4 OR—
I Sub-mixer IF Amp Converter »
—o0
Sub- nth Phose
SR ouTRUT
local osc. Shifter(n-1g)

28 3 AAEfRBRE oA REEERTAY REE
B o A4 (ol mmste &Sk ESt SR MM A BNEY IS R

of REMMMAE AALT. HEMMAS

29 ARE PeE T 95

H#oBERE AM B kst sMAIA R 28 ad~()E HHaRRRENAY Efr
FRRAB/AA FIFHAKEHS Bastd $£2  HERFAKY RetEI S JJBERIRAAE Bl
RRIEEE RS BEYT n 3L £H2PHE R B B2RARI oA s
BlEME & FM-AM 883 E B3la o4 £4 Bt A S

9] tol e $-T & e BMTNA HERE 27 4(ad)E EMHES, REHRSE, FM-AM

of nfAEMARHES A A
(2) BAAHB AL

i ul o]l o r g s Yt
28] 4(b)oll A REHBREIT Angs s (4

AM 3 HHEe 2OE T BRMRSel Wb Tl emel EERE ol em] FM-AM
oW frff 0% FEAL ko FHMERS SRR gl A

W OBEK S -8 (A 0E Fu A2

121 1 7 2 P 2 el
¢(t)=E,(1+m,cosptdsin( wt1-6)

28] 4(c)= AM AR HE A 22 FM-
AM s wugs s I-FIRIRES I HE B
faaRel s o] gl

= E,sin(wt4-0) 4——'"’”“ sin[Co—p)t--6]

E,m,
oy

@

V. sHEtkdmRizdMel Ei

BERM AM SHEENE SHEKRRKREES

uhebA o nEK BB A A ANER A 2 B EEe] MECE dod HME HAK
of MMMIA —EY MHEEE T EMERE WMol dauAA dot (8) Re=tsH N



LR Bk WL W

23

OUTPUT

. Ist Phase L. {sf FM~-AM
_ :‘// FM SIGNAL | shitter(0) Limiter |Converter
. 2nd Phase L. 2nd FM-AM
Mixer IF Amp, Shifter(@) Limiter Converter
'3rd Phase | yooTTT B P K
——
™ sitter (201 i : : )
| S | | S ) L L
Local osc.
i
:
2 ]
1) !
= n
nthPhase L n th FM-AM
Shifter(n-1)g] Limiter Converter
(a)
Ist Phase
- >
ifter (0)
FM-AM _|2nd Phase
/ IFAmp Converter Shifter(e) »>1
FM SIGNAL v !
13rd Phase |
"M shitterzen " > .
[N 3
2T ! ]
ot 1
9 = n : i
I
nth Phase
[stitter(n-ne) —rk

(b)

23—

r —[J OUTPUT
[

:['L



24 197354 3A BT ILRGX #1108 F 1R

lct Fhase

Shifter (0) i ©
S [
2nd Phase A % OUTPUT
T IF Amp,}— " shitrer(e) Pl l J
L - SR o
AM SIGNAL J
[ | - o
! 13rd Phase ———=0
[~ Shifter{eg)y” " N‘M’"
| S ] ’
21
6= n
il F;ZZ‘*L
Shifterfin-16) } >t

(

¢)

27 4 SAECEREDNEA Aol EAABEA RS RHHE.

Kwe Aot sEakfREe Y M
more] MARE RFRYE F Ak A BBEH B
®e Exg Db

~2 [, m
D= «/ I

y— L 0
J;Fn;ZW e (u+1)2(u_1>2 X100//0
(100
{8 m,=BHE
n=H#K
IDRE 27 & 4 Q& wlefge] SHLHR

el #EE HECE Bindel e Tk D
& F #EsA "ot

g ()R & cut off #¢:e] $MI Low pass
filter & #FABH(cospd Bt £ LT KK
WS s B EFel dadAA e
e A& ¢ 5 A e BREY RER
o} BEERS e kot 1011 Bk 5
£ Bl SHEERBEker 1 Bt
2 mAstA god #t3ke R-C low pass filter
2 BAGKRDY 22 FEBKS S SBT
T it

V. ® &

SHRBIERBEES Bt 7R Jiskhe
A RS RSl A ARG NS
B REWES A By HBLIA T
o] Wil A+ ZHEMBBIEY BBS WK
At el Q= BHBARY SNTBASE
o] ko] 10KHzG oz WMREY BEHES
30KHz 2 3}« RS AEme #HAERY
BEEete] Ko 3: 1 AM & uEo] el
ot 2§ 5 MmN BB 2Alzan9n
BEel ek, 2] 5(adel A AFol gl L ik
RS} MMEW®Y MIMILI 31190 AM E &
94 CrF (e Thel S MBI R Hikd &
FolaL ol Fell gl )] MMM 3: 19
°of AM & =Zm@isieiiker MEHLE
9: 1% A F—g oo igkmpe
BUEE Wikel ok 18] 5(b)elA 1yl L
5(a)9] Sl MW R-C™elo] HBA A2 %
Wolxz ol 2y 27 5(add ol ¥EHE W
—3 R-C Helo B@A A EWeleh. =2
& 5(b)ol A olAZFS el FFiEWI

=g



SAEER Bk WL W 25

ad 5 (@~Sade mBRAEES BHEGRARNKS
o Ik 73 1e] 3 BGAIREUF 50% AM B E thol o
SR Flel ol M AMEE =HE
RN .

S 9 BETE T 5 U
V. #& iR

(D gk Higel SRAERAEESY
Zb m s 1m<10)8] BEMR AM S 2EE%
RO E BT BB EEE n=—2
3 e AasAel fel wwd 4 ok

(D) SHaBBEES BERE FM 25
moso) FIAS W FM SR HAREsE
& el BBEAR HAT 4 o

(3) HEBEREES BEES 07 B3
o WEMHeT AMSHAY TVERS Wik,
VTR ¢} Tape Bl WE%e] ERT +

Ao

28 5 (b)~zad 5()¢ FEME £4% H—3 R-C
low pass filter o] JHBA A& o] w2,

1.

@ ADEHRS Mol BLATE BEES
el BEMY Mikde] MHNE BHEES 2
Q] REpLEAES PRSI L.C. & =54 EER
HAel FMEE EMEBE A TE &
Sith. olobte whitel BBl M.

Pt %
§ » [HERES BKER-SE FxRsle
B ANMERRTS &RIAC » BZE
Biggel A Q& HNEKe 1§ A #irxlulst
Zrh o] KM e T FoA EHA

— )

%
|

t
5 5 ; P ; !
1 ! | ! {
| ! ! { 2T !
! et el) el :
1 I ! I ! t '
i ! E | b | :
! | ! | P : !
i : ¥ ¥ L i : - wWt=o
4T 20 "X 04 2T 4T 6T
n n n n n

28 A HEEY &RER.



26 19734 37 BT LBE®E F0E H1N

AN TERer HRY + U A
e1=E,,,cos(a—-L) OSafi—”

&= ,,.cos(a——-) 2” AT = 5311 (A4, D

es—E,,.cos<a —ﬂ<> —4’—::—5 E-?li
H a=of
n=2, 3’ 4’ 5, ......

a2y AoA BERe] fthhol Mt EAHRl
=32 Fourier =z FRed o3 2 A

e=A,+2 Ascosva (A, 2
9714

A,= —zl;ff“eda

2z

=2—Z*SUTE,,,COS(a —%—) da

n . on

=FE,—sin—
r n
2=z

A,=—1—s e cosva da
z

o

2

LY

L T
=E,,,—"—g e cos(a ————)COSva da
T, n

_ (2%n . m 1
= ( 7 Lnsin n)[ <v+1>»—1>]
weld n MEEY BHEVE JeRen =
P2 S

T . T
o= (Bufysin )

2cosvwl
[1—v=mZZ‘;u_.’;; oo (”+1)(U 1) ] Q- E. D.

BEE~APIES] HBBREAA AriA R EH
Hmstd FA HEKRY FHEMFEE R &
BEDHZERAA B2 B & £
=3 ERERAA d7lA 2 2454 AR
FREREEY SHE—K ¥ BRE—RKIA
BES XY AWRE BRA R
of oA MBI XEE JF9FE  THETeA
B o

2 £ X M

1D B SHEERBREE BABTEERERL
3k Vol. 55-B, No, 6 June. 1972. pp. 330-332.

2) F.C. Fitchen: Transistor Circuit Analysis and
Design, Princeton, N.J.: D. Van Nostrand.
1966, p. 235.

3) H. Meinke, F.W. Gundlach: Taschenbuch der
Hochfrequenzt-Technik, Berlin; Spring-Verlag,
1956, pp. 878-879.

4) C.W. Lee: “Super Wide-Band FM Line Discri-
minator, “ Proc. IEEE, Vol. 51. No. 11, Nov.
1963. pp. 1975~1976.

5) C.W. Lee: “An Analysis of a Super Wide-
Band FM Line Discriminator, * Proc. IEEE, Vol.

52, No.9, Sept. 1964, pp. 1034-1038.



