RIRHCER %, 2B 3 (1981 fE 6 JD) RIS r o B
Applied Mathematics and mechanics AR HhFE iR

ZHANE BTREETLR
ZH it P E A

* R %
(W KRZEHFR, 1980463 B 1 HURE])

] 2

AXERETHs(=x+iP) KL ARBETR
K=f(s)=aps"+a;s" 14 +e10es +ana1s+ay

KERS5%, B ERMERER (%, iy, K) FR—ESHME. IHREZDSIRFE L8
BEGEAXERNAZE. E(x,iy) FRRERRBHE. Kign=2m+ 1 Rn=2m+ 2, B
FEHMRyamxGR. (K,x) BERTEASSHAEK  =f(*)L4, ME S ERASEHEK TN
g, xR, (K,x) i HBRENAN TR REERBAERAN. (K, iy) &
HEHRAERH, BREKKTNBERAFR o(=y) WXAM%. XZEAXRTRATIRACRL
Bk,

—, ZUWAMT BREIR

FEE RIS P RTY x LR

K.=f(x)=ax"+ax"" '+ e +a,.,x+a, 1.1)
KR, REHTE—RES K, =C (HH0 BEnARA. X2 8 T 85 BRRRELT
HHBROGY. FERR “aRTBEAR BN, RUFERENRA. ITHE
REOR, KIEAPHEHs (=x+iy) MAARNE T DR

K=f(s)=a,s"+a,s" '+ 00t +a,_;s+a, 1.2
WER. WTFE—EKK, LREGaMR, BHEAQ.2) £ (x,iy,K) SR HE 6 Z=EHR
iR, Bs=x+iyfRANQ. )7

K =¢(x,y*) +iyd(x,y*) (1.3)

Rf
Bz, ) =F(0) —H f O (@) + Lo (@) — (1.0
B(xy 1) =FP(x) _g%f(z)(x) +"5J—:f‘5’(x)--o (1.5)

Hpf e ()RR () BIHFE.
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(1.3)% 5 1@ N

yod(x,y*) =0 (1.6,a)

K=y(x,y%) (1.6,b)
(1.8)3 2 (1. 2)FE (% iy, K)WERBBHE. XMRBFH/HENRRLE, EH(.6.a)
BAEE . BTFEES,iy) FEOTRBE.62) %R, L (1.62) & (1. 2)WRHE
HENY, HETL, RFRIRENEMEETY, SEHNESSAE, RTEITRIR
EHE.

(1.6,2) " LSRN
y=0, & 8(x,y)=0 a.7m

ATE R SCRNIRE, BEREMOEE. shHINRy:, FUBRNIHEToH. IREE
A ERHEFT L REy> 0 gL FH.

B~/ O (DRt BTR, Mao> (DR, #HShae, WA DTS

— m( 4,2Yymey 0 — 2 .
a(n-l) _yza(n-8> + y(4> a(n-ﬁ‘ _...{( 1 ) (y ) @ 0 én 2m+ 1 (1 8)
(= 1)™yHmaP=0 Yn=2m+ 2

K=a(n) _yza(n-Z)_l_yu) ae—e _...{( -1 )M(yZ)ma(l, f—'_"l”=2m+ 1 (1.9)
(__ 1 )m+l(y2)m+la(0 §n=2m+ 2

(1.8), Q.DRLHAMERHOELER.
MA.OEH, REA.22MKREnS 2m+ 15 2m+ 2, ENRUTFEERy MK T
B, EHARE a® B xRN, Em<< 4 REG R ALK n<<1000 % TR
AT RAARTE. HyRIH, REVNERTER. BXEE *x MENNHr MER
By (=1, 2, «r.r<m) —BRANQ.DFEH r MK, EZHxshvHEEZRBERE
E5HKa®, WH

a® =f(x), a®"V=FfN(x), a"» =—-21—f‘2’(x)

TF4h, MAXRARR

1 da(l)
n—(i—1) dx

al=b =

(1.10)

—HE53
a®=ngx+a,, a”=a,
HFA.DHy=0, Q.OFKNA.1). XRUEERAE. 7K, ©)ERHATLE
& BA.OESHNHLARKRERR, HRAERMKK..
Nfn=2m+2, a® XRa®, a®, -.a"VPHRAKN, M (1.8) WEZKXEFH
a® =nax+a,= 0 RBHPEK—FPS . HEQ.OBEZXRA

m+1

K=3 (= 1) (v aes( - (1.11)

na,

RRE x= —a,/n0, i by (K,iy) BLRTTRE, ERTERAR HFRAKXER.
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(K, x) BRET a®= 0 BMHENFE RIS, BEDR ‘s RABES n MR 0%
#. BEFEK=CHKSXHE K. BX 8808, SKHZX A Ine, NE
n,+2nc=n (1.12)
KPP RH 2 BT *%i+iy, x —iy, 7 (K,x) EER—K. t BERO—GE SHE.

. FHEAERE O an TERKHIER

RTAXBERAMNATIERL, KNUE

Cys"+ 6,8 i+ @y S+ a,= 0 (2.1)
Hie. fE K ER, BIBA
K=—(g,s"+a;s" '+ +0a,.y5) (2.2)

WER, ERXRTZHEKETEA. XATERTHAZHNAENRERE, HE&a>0.H
HE—NREB0<0, REETR. TRYUxB OHE+ool, K, HORE—-o. FIURSE
RBERAEK> 0Xi4.
Bl. ZkITBe AKER
K =—(a,8*+a,s*+a,s)
MAQ.OMA.DHE—REF

3a,x%+2a,%+a; —agy?= 0 (2.3)
K=—(a,x*+a,x%+a,x) +y*(3a,x+a,) (2.4)
(2.3)F[KERH
e a, 2__ z=£ﬂg_°ﬂ_
["/3<x + 3a, )] y 3a; (2.5)

Yo} —3a,0,% 0, WUMTRRME, TRHERN

VE(x g )tu=0 B SF(x ) -u=0

Yal—38a,0,=0, WYUTBUREINBEHSE. 2EEE—. NANKE, (x,iy) 1 (K,iy)
REy> 0 #EFEH. H+yf—yRER—DEHE, (K, iy) 2V EE T BRN T KB
BN '
BHENANERR (K,x). Kc 5K #0RA 4 WEiRE (2.3), (2.4) 4 x=04
Ki=a,/a,. FIUKHRERN (0, a6,/a)). Ke 5 K, X AMBEHHEBERRA.
x<xy BFEE “BRHRER” . BRxy, W4 Ke=K,, § (2.0 &
y*(3a,x+a,)= 0

By 0, 0 xu=——i-, HWMERLRL,
0

W3gx+a,x 0, My=0, HH(2.3)F
xy=[—a,+a/a? —3a,a, 1/36,, MAHK BIRKA.
Ex—H B LR IR AFREIR (stable region), FSRER. MR SR P —x /i HHIR
Wl BULELREREHIERKH - o KE0, HHE+oo.
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Hlsl>ool, 2HWMA(1.2)EET IR
K=ao< s+ :‘; ). (3.1)

FREL(1.2) 8 (%5iy), (K,x), (K,iy) HBIUG. DHZEELHHESL. HIEEE I
WESKDN TESHANESERSER. S is| TokE, REBRKEREE, TURAME
REBEEZ. EBEEAAZLHEERELR.

wK/a,> 0K, ¥K/e, EF K/a, (cos 2nh+isin 2nk), KI5 DeMoivre A K
G.DREAHKTT, 5

, S
na0 \/ y=\/ f sin zzh (3.2)
MK Ja,<< OB, K/ay= iK/aol [cos (2zh+ ) +isin (2rh+ )]
2nh+n o 2nh+n
na,, J sin (3.3)

HEph=0, 1, 2,n—1.
# AW E—-RBRUN—R B
. | [p=2hkm LK /a,> 0
=< >tan% {<p=(2h+1)n WK /a,< 0 .4

ERBEG.DHRHE, hRREHRA. 2)WRNBHIES. (3. ORFRELR, B
LRF C(~ay/nay, 0), HARLA. X n fRELE 0 %45 x HABHTA. ELTAMIE
B, BESefExnflifiidk.n=5K 6 W - HREKRMEAXRT. EEHER, (K,x)EAHKHE
REIEH LROK  BRA R

MM, n=5 % 6 BWHFE RV an =K AR

n=5% 6K, m=2. R MU L TRRAERy 92Kk HtFEREESES.

F1. 1@ K= —(8s°+ 65+ 253+ 52+ 3s)
Q.8)f(1.9 4 BN
40x*+ 24%% 4+ 6x2+ 2% + 3 —y2(80x2 + 24x + 2) + 8y* =0 (4.1)

Kco=K,+y*[80x°+36x+6x + 1 — (40x+ 6)y*]
B DFEH v 7

y'=5x*+ — x+—+\/20x‘+ 12x° + =

1., 1 23
PR Y
EEJI‘H’F.’ﬂE'IJEIEiID@%:(I). ME,)EEH, x>0 FFEF, FKH—oE+coH
T ik, ANBRRREOEHRZES .
Hi2.123¢0 K= —(s°+6s°+ 21s*+4 445 + 625+ 525)

T s+1=2 (W x+1=X) &
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K=—(Z+6Z+112*~18)

TR K, =—-(X"-1)(X*"+7X*+18)
yi= [6X2+6+~16X*+24X*+31/3
K=K, +35*[15X*+36X2+11 - 3(5X 2+ 2)y2+ y*] (4.2)

B, (K, X)), (X,ip) EIREY X =0 H35rE. MER=(1), (K.x)FH K ®iagR
(0, 48.48). X K7E(23.61,24.38)RAIMEK =CRAE—x A . Hit (1.12) Eix X F 4%
R, B (K,x) BURRERR “n RFBEF » AR, B (K, iy) EmMUFEAT.
4 X=0, (4.2)KN
K =18+11y*—6y*+y* (4.3)

ITRERE X=x+1=0 PEPHME TR, C7E (23.61,24.38) i, K=C 5 (4.3) i
KEFANA, BHAYyARHEE, fizx=—1 HENHOBHAZRI=ZAESARE oTHRE
—MREBE x=~1. AR x<-1RFE “BRRE" , HEXE (23.61,24.38) ZH#EX
FRERRK. AXRKERMAEAER L (K) W, i BXXAR SREPFHRIFES.
REENTRBIETRE. IHBE/RERFEAIBRAEREIHE, EUOVPEGE—SFE
T,

I, PRSI KR EN A

%Tﬁ&%ﬁﬁ%%ﬁﬁ%,ﬁm%%uﬂﬂﬁu%,%ﬁés=Z~%;uk££%
ZH, BEREEIHAK FRENEDPESRIFSNLHAR
K=2v4+b, Zr2+b, 208+ - +b,_, Z (5.1)
EREAFELTR, RAEREHETINE.
(A) TR £ T MBS I8 R 275 W FR A
PR 2 TR R
v — (10X +by)y*+ (5X*+3b, X2 +2by X +b,)=0
B RBEHY by=0 8, MPEX y fiRH. H(1.2)% n=5 N ERBIERWEHERN

0 8 [0 _i_‘i>
bs a, 5ac<30., 5 ai}

FiA— R Ik 2 TR AR L A W R 0 &R
a, / 4 al
8= 5a.,‘( 3% 4, >

(B) EBExrLZMAOMETR LG IFEEE

R(L.2DRBERK, eV =ng,x+e,=0 B THELZ—. BT (1.2)NE—XRHNUE
RET—X W, BRUYBUEREGTERN, x=—a/na, BARBRHLEZ—, THE
XESH RN, BQ.2DERG.1D), W X=0RHNEr—. &N a(x)LK (X)),
W A, B®,..po-EP X HERX. H A (X)WEHIA b, HILby=bs=-+=b,-,=0.

(B—) “EENKR” BEARN © BKE—EBRRXRE.
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FRG.OERN

K=2Zr4b, Zv24 b, 20—t et by Z° (5.2)
B ZT RO ERBELGN TN, BEKKRELZTRAREE Z BBKE

75 I B g i

(A) iRy
EK,0)ER, B8HRA.2)HF K=C Bn MR 2,525, 2, WERMER LB L. BT
Z=3 z;/n=—a,/na,=x

Hn MRE, Ho OEY AisAssdgy K 27 /I\#EQEETE, x,t1y,(p=1, 2,1}, A2

37 At 2 Y x,=—a,/q, (6.1)
q=t p1
(6. DAHESM K #ALar, FIUTLAXHERE—XSHRHRK .
PEZ TR S SEABRE I, Bl x=~a,/no, 2 (1.2) KBNS BB O
&. BER n—2 NRME SN x 215, BART—-IMHRE5ESE.
(B) W¥RE x iy S EHE
HfPF)=a" V=08, HA.)WAXLEF—Ryr=0. FFLIRMES » BE03S SO
AL FREDSE B AR BV IR R BRARAR. R V(X)) =0 Bn— 1P HRER ¢1h6, 0 Camy (B KN
BUEHEF) . #(1.2)H ¢,>0, ey BRKBIRMESE, coscoRIBKES. (K, x)E
HEIZHE K, BiR/MERHE, SF—KKABT —co; BRKESHBEZRE &K #
Ftoo. E(xiy) B, 58H x I EME ¢ AF—KEMYPBHEEFHER. & o =c,
MEZEBRPTEEIT » P EA—K, EE,)EBPEF—-BF K H-coFE+c, HEWNE
R BHfP@A—FREETBASRO_AR, BEK, O)HHE—% KcH —oE+o,

€. &,x) fK,iy) HLRMELE A

(A) FERALHOMA
BT(K,%), (K,ig)EL, S®TLUNELREM a. (=K) ERBFEHER » M X
#2, & K=20, MEEK,x)AS
X,=—0.65, Xy=—1, Xs=—1.35
K, ipES  y,=1.73, Y:=0.49
v RERZEN, BRE x=—-1E6H, #HARY
0.65+1.734, —140.49/, —1.3511.73i
X K=10, (K, ,x)EHPREOIZ A
1 =—0.265, Ay=—1.735, %,=—0.5. X,=—1.5
EE P HE—NEHy=1.86. HARIRA
—-0.265, —1.735, —1.5+1.86:, —0.511.861
(B) WRHERMMS HRPIH
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FFIE 5 R BRI N E kR, BB FRBRATTLAEE. WL
K =20, MBETSH
B, e %% sin(1.73t+@,) + B, e~t sin(0. 49+ @,) + B; e 1% sin(1.73f + @3)
MY K=10, REH
A e 02t 4, "3 4 B 705 5in(1.86f+ ¢,) + B, e~!+% sin(1.86¢+ @,)
R B, 4, o REHER, HWAKHEIE.
(C) XX FREXBHHE.
MNE ) AR K, 5& Kcfe K i EWZSBFTEMBER K pwizekXE, 288
F—M=(1RFTHE.UEBRER K(=a,)WREXK T H:.
FH(K,x) &R K NTEERBARE  WHENBEXRBRHEN, REE x=—1E
%, BMK, KHZXERTERMENBEX. XHEL “BHTCHFEATEH X=x+4,
)5 Routh-Hurwitz BHIB” BRIFEHFSL. FAodsli2, w=05NENRERAEL
x=—0.5 R HEMHN5.3, 28.3). XEu=0.7, H1x=-0.713(21.2, 25.4).

I\, BRABAEBKRMERNERE L

WBl 2, BATEDBHERSRENERAL # TURKERK K ERERAELTHEL.
MiHzEX K K, MERRAN, RUVASHEORER. BERGFRXHRALFENS
BE&A.

=0 KR K T8, BHAEGIRE, O)ERRBET—fr+r=00E%. K1.8)F
W, n=2m+1H, ()" WEK a0, (1.8) REmA Wik, FERE x+u=08 L F
AP RIS, FHRETARTEREXEE. X Fr=2mt+2, GH"MWEA K a® =nax
+a, %a® fa®, a®.at b WERMN, x=—a,/na, BRMBZ—. WK #=a,/na,
& &M, FE(ER) (B)E4EiL:

BERRAY 4 FH K %, REBASTHRELERE X WEKEORESTARNA
HHE. N SIEERE RS R REE.

KRR ELE. K BIEE— “m ARRAHE o(=y) BRE—A 2" KWK,
MBI IEEX n=2, 4, 6 MPLEH.

(A) n=2, K =a,s*+a, s+a,

(1.8)H0 20 +0,=0. ¥ x=—a,/20, RIRHE BHEXM (1) T, n=2EEHNRH
K (—oo, a,—a}/da,)
BEERERL, UFTRITSRESTR. MANEZRAER X =2 +a,/n0, LRFTBZR.
(B) n=14 =—(Z'+b62?%)
A0 6>0 WmEHRG (). HARE (0, 62/4)
(C) n=6 K=~ (Z%+b,7*+b, 2%
GfF 61>30, HMMBERMEN(K,,K,), Hi

K =2 ba( 56— 1) - (61 ~36)%]
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Kz=—22;—[bz(%brb:)+ (b2—3b4)M]

WAEFH., HEMAEH n=2m+2 HFEEGXHERB LR, KOIRESEH -
nKEARELIARN(5.2), FEEX=0 EFEE—ANXE, 33X (5.2) & X=x+4 FHE, K
ARFE—ARREE 1 TiE m ARRHEENRE.

(5.2)K9(1.9)% X=0KHH

Kc(0)=—¢* [buy—y* oyt oo+ (—1)" ("] 8.1
ERmAEREY p:(i=1,2,-m), {E

Ke(0)= —y¢* [[ (pi—y*

1l

RFARAMARFMRAR

2 Dim=by, seeen [[ Pi=bo_y
iw1 =]
D& b BB (5. DG TR, WHBIT.
## b BANESL, W Roule ZE. & pii<p 2S£ Q—ggr—ita. B2
KC(Q:)#O, —]:%
0<g, <1 <@ < pr<++* << Py
i BB o pp b abe, g =+ (D G2 (O
T
d—quﬁé@\w = —2b,_,<<0

Frly=08, K¢ (ORBKRE. FRAA ¢, ga-B Kc(0) AR /NMES g2 g B K (0)
RBAE ®MEK0) FRMENEKRE, [ RERRENK ME W (M, D % 2
x=—a,/na, B89 A 82 RIR X 6]

FEATAARBRRFR: X=x+u, K/'=K+C AR AXEABE+ (K,x) i@ E s
W R T

8 % x ™
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Extended Graphical Representation of Polynomials

with Applications to Cybernetics

Wong Chia-ho
(Zhejiang University. Hangzhou)

Abstract

In this paper. the polynomial of a complex variable s(=x-+iy) with real coefficients
K=ays"+a;s" 14+ -« 40,15+ a,,

is graphically represented by three plane curves which are the projections of a space
curve on three coordinate planes of the coordinate system (x,iy,K) in which K is confined
to be real, The projection on (x, iy) plane is just the root locus of polynomial with K
as a real parameter, It is remarkable that the equation of the root locus is mth degree of
y?, whether n=32m+41 or n=2m+ 2 . In addition to the real curve K,=f(x) in the figure
(K ,x), there exists another curve K¢ which is plotted by the real parts of all complex
roots against those of K, The (K, x) curve is particularly important to determine the
absolute as well as the relative stability interval of K for linear systems, For cyberne-
tics, the (K ,dy) curve can be used to show the relation between the natural frequency w
and the gain K, Such three figures are useful for studying the theory of equation and

cybernetics,



