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Abstract

The solutions of dynamical system expressed with nonlinear differential equation usually is
shown by using time function u(t). But this is not unique mode, when particularly u(t) cannot

be solved. In the modern theory of circuit and system, we can select three dynamical variables in
the nonlinear system to constitute 3-dimension phase space. The mutual nonlinear relation
among three dynamical variables can be described by a bounded space curve. This is 3-dimension
phase portrait. The nonlinear dynamical systems of regarding N >3 variation may constitute
N -dimension Euclidean space. The bounded space curve cannot be represented by concretely ex-
plicit parametric form in math. It cannot be solved analytically by human. However, the graphic
solution can be plotted by numerical simulation. If the bounded space curve is non-periodic in si-
mulation interval, this is orbital chaos of continuous time system. This paper researches the pro-
duce and property of chaos by means of the analysis method of frequency domain and theorem of
power balance. We prove that the second order differential circuit which is constituted by mixing
of multi-excited source with different frequency also can produce chaos.
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HEHSRARENMO HRNE, AV THANBERR () Rn, EXTIRE—HTR, BHES
u(t) RREABA R . AR AR S RAER, ENSREY, ERGENZAHTZEAR

—AN=ZERMHEE, =AZREMERKIELERR, TUHA—FFFNEREERES, XRE=Z4K
B ST N>3MREWUARN EWKRKRER. XFAROTABE, EHEL, TRARGKHE
KZSHARE, BATERM IR, BT UHBAE B R B . R & 52 A i 2%
FEAT BRI 18] PR AR S B, SR R S I ) R BRI BB IRIE o A SO R RN 2 A T vk S Th P e
BRSURM RS 5. IEIRE A FRER I 2 AN BRIRKR, MR s g ey DA R
.
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1. 53|

FEPRAN AL B F ) B A AR AR AH T T (BOPROIRZS A 1) b, 1 HHAH OSSR S A BZE . FAH B s i A
AR HL A AR VE R BOR &R, XA IHAH B E N7 BRI SR ARSE R . I AETR TR R WA 1T
R A A SRR AR T AR T2 R o AN O R AR IR T T A P — AN 0
B, EAMAERSERIRIE, 245 RFETIES e BT AR (A — e YR U, AU 5 AH
MIBEARRIA G RS, BEANPRI TR G S SRR MRS A LK), (HE R EIE A AR 58 2£ 1)
TEMR T AR, AR 2 KN

TENE LR B I ST o, ANz Y B ERAC B b A, HERE T HARB IR BT A R . B4 1)
TRIEAH I, VARV TR TR, AEHEREIR A S SR R I R, i — IR F8 2 7 XA A
.,

BRI TR B AR, ERoR T EhAR BRI REOCR, #E 5] N > 3 4EHH 27 () 1 08 524, dn
=YER ST Lorenz J7REERER [RHLER, 5 X M3 RGO 7R (), Hmdr 28X an(2).

X y,z) y= fy(x,y,z) 2=1,(xy,2) Q)
x=x(t) y=y(t) z=z(t) )

TRkt e AR, e A0 B I ETE AR, XRRR KT, EREAEEE
EAHELRRMIELMERE, XfRRMRE . 725 B ARRE AT A 2, 2
AR KRB, B B AR BRI e R B A RE R R A, A=A R
i e Hs ) 4 AL IR AR BEN LSRR Y, 2X0(2) 7% 1) il 2 A8 A B 52 0L 20 R [ 1]

TR AR B2 SR AN i A SN T IR B, N RIREER AN B AR HERE T AR AR 1)
K&, KAURTRTERY: o T = 4E B A AR 8 25 8] i 2 s = A B SR B R B R BOER R, HoA RIE X,

x=f,(x,
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W, HEBEMSR AT CAHE B2 4ERIRRIRE W) . ARZRME BRI R TR H AR 1K, ERARK, €
R — A AR R, X RS AE B R T T /577, AT RMERFER 2, e = ekbl b
MzhAAe s, Hik i =4Es UL BRI, — I A P 07 R0 R AR 1], YRR IR Al X 2%
AR A o 5 T AT AR 0 T ik S D AT e B, AL SR H DT RE AR AR A B 4
FELEDE SRR 25 R IE R 1 [2]-[4]. Frda T T/ M &b, A anSCHRS] (61 B oA 4, st bt
H ¥R 5 AU AR A Lk R R TR A

2. B BIEIR AR IR A R BE 4% T A R S

ARSCHS H T ANMBIIE Td B E X B A R TR ) = AN B IR, AR ARk M o 1 PR AT 2 A YR
o 1: eRBEI P 1, DY TR B (igy ey icy i, ) B0 KCL AT A(S): I IMALAY KVL AT
K(4); L@ QR), H&BHEFE I H(5), EH & utrzEan=(6).

Cyli+i, +Cylic, +[ & +u—e +(i, +C,)/g, |8, =0, u=u, ®3)
Ug, =u+e,—€+(i, +Cu)/g,, Uc, =ti+& -6, +(i, +Clu')/g0 (4)

C,C,l/g, +[C1 (1+ g1/go)+C2]u +i, (1"‘ gl/go)"'Czi.n/go +Ug, =0, —€0, +€,C, —&C, (5a)

i, =ku+ku®, i =di,/dt (5b)

g, =1/1000; C,=10""; C,=10""; k =1/10000; k,=3/10; g, =1/1000 (6a)

e = E, sinwt+E coswt, e, =E,sinw,t+E,cosw,t, e, =E,sinw,t+E, cosw,t (6b)
E,=27; E,=36; E, =30; E, =40, E; =35 E, =30 (6c)

w, =123456; w, =332211; w, = 654321 (6d)

ZrEAE R TTRERG) M T LS E S RANERS, b 8RS A LB TR, AR

UEIRZS A I IR EORR B EH 20 5 (B A SRR L) o 53 3003 2 5 A2 IR RE A BRORR i i, " B T 7 R A5 T 1
BRI, AERGEIRISTE R,  ZePEJT FEI 58 A A A2 TS A0 MR R 28 P2k o T AR 2 1 75 72 (B) I A I 122 A2 3X
EA AR AR ERR S o AR AEZR M 7 2 H A TS SR, RAE G —5En, 228
ANTT RE B MR HE R

LR 28T, Bl WS U8 B I 3 0, 248 52 18 R PEIR TR AR, e i AR VR g .

1) %e=e,=6=0, REHHE—ERGXHET, REO)WEBDE, 2—FETEHENEHLE,
HAWNEPHARWE 2. AR ERAEEEAE, WA XHREEMN, ZIEEA N XHRRES
M 37

2) 4B, =27, B, =36, E,=(E2+EL) =45, e —e =0, HURIAH 206HfEHHEARA
A, RARB G BE o S ERR R AS N O e ATH R, N AR RARES I N  7E IS IR IREN N,
ZAEfR e — AR IESZ A 3.

3) 4B, =45, E, =30, E, =40, E, =(EX+EL) =50, e —OfERUsMIHIMANT, Zif
fif AR B O BRI PR, (EAREIE AR T 44, BRI A 78 Bon e [ 4.

4) 4 E, =45, E, =50, E, =35, E, =30, E, =(EL+E,) —467c=idiimiashF, m
WA, HPLmRmtErmEt, s R&RENER. KW rmaEuE 5, BERiNS
SR — MNMRBVERE T, ULV 2 8 E dE et B B TR & P AR R . A S AT 5 R

u=u, u,=U.
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Figure 1. Example 1 circuit
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Figure 2. Set e, =e,=¢,=0 (a) plot(u,u,); (b) plot(u,u,)
E2 %e=e=¢6=0 (a E(uu); (b) E(uu,)

42 10° . . 5X 1M

2

0 of

-2
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(@) (b)
Figure 3. Set E, =45,e,=e;=0 (a) plot(u,u,); (b) plot(u,u,)
3. % E,=45¢e,=¢=0 (a) E(uu); (b) E(u,u,)
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Figure 4. Set E, =45E, =50;,=0 (a) plot(u,u,); (b) plot(u,u,)
4. @] E, =45E, =50e,=0 (a) & (u,u,); (b) Ei(u,u,)
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x 10

40 =20 0 2 a0 %a = 8 =20 a0
(@) (b)

Figure 5. Set E, =45E, =50,E, =46 (a) plot(u,u,); (b) plot(u,u,)

[#] 5. & E,, =45,E,, =50;E,, =46 (a) iH (u,ul) ; (b) 1 (u,uz)

3. RTEMBESRIERZBIRZH RS

BEAL TR VR S 48, FEDTE Ts IR 1) Py KA PR AR R o A SRAE Ts I fa) pAy i H 0 AH P A
IRk, WARZIELSK, WML —waa L BERE T RAE, B3 LRGN E ARG, B
NGRS E A — AN, U AN IR o a0 SRAE A FUIN (8] P i R P, A I b 2 Sk,
VEHTE T i A] A 3 AT e PR AR R TG o B 7E Ts kT pAy i PR R, i e 736 A S 1
MBI, TERAREALIEL ), ML ELRERT A .

BRI, S ARSKRIUER AR B R A, B —FoE & A AR v R fa i, X by A EE S
ToVEE A F R . PR RO AR EEAT I, SRAEA AR B o B BUE Gty
fH o X TTVEMIRAUESE R, SR AN ZR 1 AR H0E FRE 7 (RS AT I R A 5%, AN A 384T B ()4 AN [R) 25

IRIATRAMEE TR, BRSNS FE, whoT CURIUE 7 BN (8] Ts IBJa P, $L
2R RS A HE AT 08 . BEVEEIE A SR H 0.90 Ts - 0.95 Ts AIAHE A, W SRAEIX AR A #A 40k
255, VML O BN E B EPUE, HmE 0.90 Ts- Ts KIME B, LA A 5B MEWE. WK B
5 A I AFE, MRS 2 LA A SEINFRES, 500 SR IR s A B A AH P, BWI7E 0.95 Ts -
Ts (Flalka A, LA EEERENTTT IS, IEGEEGR S e K WIARIETE Ts I Ia) A2 4F A I .

ARSI 6 %15 8, Hing =500 /31, 1 Nggg =Ny x0.998, Nggg =1y x0.999, [T (g : Mgy ) Form B
Jri FY) 998%0 % 999%oAH s I HH &l (@) o H (nggq : 0y ) N HXER i Y] 998%0 2% 1000%o/H s 1l A &l (D)  LLAZ P ]
AR, B (o) Rk L (a) S A a5, B E S 500 73 AR E I B, FERFIR] Ts A sE AN
HR IR .

4, FiEFBIRESERARS
4.1. FIEFMR— A EH

E—AMHE], ERUE Ts IR N AR A IR, K7 Z I A Ts w2 A IR . Dy 1 Ui W AH 1 F & 9
PES 05 5 TR] Ts BFUIARR . AT ALK 3K H B R AR LA E A T8 B AR [ 7]-[10]
Mathematica FHPANEE 73k A 1 B 18 i =X(7), X2 — N8 =N B R 8. =N
I (wy, wy, wy ) W13(6d) . 55— MFEFF Main harA.nb SR FH 8 i1 R B SR A, 2 18 5 rp 220 Al 1 1)
SR o 55 MR Power balance.nb SR FH D3P SR SR, AR I AR B S H =AS 98 s 1) KCL
5 KVL, A& ERM=AEERMEIEN, =2 R4S E KRB, Him=1"280 %
BRE SR . IR SRAREE B — B ana(7) . PIFR DT 2R BB SR AR 25 R A IE B L
u =1.64Cos[w;t]+14.71Cos[w,t] —8.31Cos[w;t ]+ 6.27Sin[w,t ]+ 4.58Sin [w,t ] —12.68Sin [ w,t | (7)

(=)
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ASCH P 9 2 12 A Mathematica #2571 BB AT EI I . #2157 Long-cycle.nb &7, (wy,w,,w, ) ()
BOR A LB BRI EEI 0, = 3IUAD, B £y = o, /(2n) = (3/6.2832) Hz »  HID (us) 9Tt S AL,
MIFEIAT = 2.0944%x10°us , BT AR, o — AR AH K], P2 fn i 5 Bosva i, Jepk
B e s 9 Rt — AL TR —, SURRESENE, @A, RO IOEEERLE 5

R IE IS5

x10’

@

(b)

Figure 6. (a) plot(u,u;) (Nggg :Nogg) 5 (B) PlOt(U,U;) (Nggg 2 Ny)
% 6. (a) i (u,u,) M 998%0ZE 999%o; (b) i (u,u,) M 998%eZ 1000%o

x 10"

40

(b)

Figure 7. (a) plot(u;,u,) (Nggs N ) (0) plot(u;,u,) (Ngg :ny)
7.(a) @i(u,,u,) M 998%0F 999%o; (b) &i(u,,u,) M 998%.F 1000%o

(b)

Figure 8. (a) plot(u,u,) (Nggg :Ng ) (B) Pplot(u,u,) (Ngg:ny)
8. (a) @i (u,u,) M 998%0ZE 999%0; (b) iEi(u,u,) M 998%Z 1000%o

ParametricPlot[ {u,u,},{t,0,T/100000} |

ParametricPlot| {u,u, },{t,T,T (T/100000)}]
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Figure 9. Phase portrait of the T/5000
E 9. ATz —EAHMEE

Figure 10. Phase portrait of the T/100,000
& 10. 10 Az —EHRIEE

\Q%W

Figure 11. Parametric plot[ {u,u,},{t,0,T}]
E 11 E—EERAEE (u,u,)

Figure 12. Parametric plot[ {u,u,},{t,0,0.95+T}]
B 12. B 95%/E#R0HEE (u,u,)

(=)



2 IR IR AT BRI

FE/F Long-cycle.nb HZ i /E EE A AR, W SR 47 5 8] Ts 4% 20+t —, wiie
BB ML ARG S 21043k, AT SRIER @)W, #2F Long-cycle.nb FH3X(8)F1(9) M1 B &
), A S R A E 10, BB EEE A @), FRIMEMS A t=0 ps, Z&IbE
t=Ts=T/100000 = 20.944 ps. % _fEEIEAIN(9), ERIMAEIAAt=T ps, Z 1Lt =(T +20.944) ps,
PIEENE VAN B & — A F At 2 — . BF BB S 26— 80 kR R et
(MPART , K10 REd— 0z —rgk, v G 1R B BRI aE 28 1k 4k

PLEBER, A7) & — AR, (Han g 5 Ts B, PR ARB A LEBENEN,
W 9. EXMIEHL T, —ASaH A AR BRI AR B BoRTEE, HRREEANEN . W0 R
INF TRV B JE A5 G Pl 10, 7 ELIS TA) A AT R 1) A W AR A 28 1k 2 S AR . X (7) 2 Tl P 7 1%
(A, SRARTE G, (Ean SRR BB A RN (R R]BE X Ts = T/5000 < T, WIAT 7R 9 E A A o

4.2. BAHES 0, = 10° JUER EIEHE R E S

WHRBRATRIE — & A ROE A IR %, WAl 7E Mathematica 2 71 IS T) P i) H — A 52 8 F5 1A 1
FE B anf] 1 B =AU AR AR o, =10° KIHEEUE; HIREF Main harB.nb Sk 3215 i anxX(10), &
(I AFHES f, = ,/6.2832 = (10°/6.2832) Hz , AT =62.83 ps o sl & 2 @, = @, » WKW 0, =300y »
NN 0, = 6, AL

u=2.77Cos[at]+14.54Cos[ w,t | -8.61Cos[ w;t |+ 7.14Sin [yt | + 3.71Sin [ w,t ] -12.40Sin[w;t]  (10a)

@, =100000; @, =300000; @, =600000 (10b)

FEFF Short-cycle.nb F{EEEA mE PN, [ 11 m—AN 28 F AR, fTLLEHZ D250
S B, &= EsEm A K 12 m 95% 8 WIRIM I, W& R B Ak 4 sk e b 2485k .

4.3. BATESN 0, = 0.1INVER E IR BRI B RS
WURFATRGIE — A A A 2, 46 1 MEABU AR o, = 0.1 E RS HE
FF Main harC.nb K F iR an0(11), SR@) BRI, B 7 =A BB /NS S R
BeAh, (A1) 52 (7) /2 58 2 AH R
u=1.64Cos[w;t]+14.71Cos[w,t | —8.31Cos[w,t ]+ 6.27Sin [w;t] + 4.58Sin [w,t] -12.68Sin [w,t]  (11a)
w, =123456.1; w, =332211.1, w, =654321.1 (11b)

KA B2 LTI £, = 0,/6.2832=(0.1/6.2832) Hz , M T =62.83 b, kA, A=1%
I W, =12345610, , W, = 3322111, W, = 65432110, .

F2I¥ Very-long-cycle.nb i MATH fEEIEA UL, T K AEAR . WS E 1L 6.283 72, F3X(8)
Q) /MEEIES), A E S A, IEHTE S AR T, 2RI EYT 26.283 .
SR EEAET =62.83 Fb, i AN A e A AHE] . IEBA RIS KB T =62.83 b, DL RUEEH, =4
TR/ NS RS B MATH 18 B AT R B 2 110 8 417G B8R 2 AR A

5. RNIHESNN 0, =10°I/F, REBHEARS

USR] 1 B = ANURD AR I 10° SIUAD ¥ BB A% in X (10b), A Matlab ) Simulink i 2X(5) 475 FLAH
B, SR A ETE A ng =100 3 5, ATAILE G 10%AH s AR I 5 i n 1% B0 B 78 42— 3
frtn sl 13, BER AL Ot N BE . %] 13 2 H P PS5 AR — N WA, (B Fourier
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WA R, B T anaR(L0) M = AN B LA, BT = AN IR AR AR R TR, 12 R A AR
Z RS A SRR R, PRIIAR 1) 10 R 13 BTEIR AR AN [ 1 o L 8 1% 35 910 T P g PR AR ABA
B R P13 A (4 ng REK 3 22 31 500 87 1000 75 45, HHULRIRAEER, ARIE AL,

H52 F, H Matlab 1) Simulink 8 AH 43502 8 E . BIAEE1 1 B R =AN0UR F1 59125 i =0 (6b) #R 2
3D IR, XIS IR I (2/3) #, R AR LR MRk i T T U2 B, UL Ao A0 1 A
HRFEA RS, A R AR, RO IR R R IR, SRATTZE 07 BR8] Ts < (6.283/3) b I
SR ONAE AR . BUAETHELHL A A7 RE e VRO BN I SE B Ts > (6.283/3) B0, X I AR B 2% 1
VAL AR 1 0 Fe i A RV, R JE N 2 1R Sk 45 AR AR A H K .

6. HIEBURINAE R E Y
LA WL B I (1) 454 S5 T BB 2, ST th 3 IR T

1 2: BRI 14, iU 2% 36 B SRR Y KCL AT 81X (12a); Hi ] LA KVL AT 51 H (12b); LA(12b)
AN(122), FFABHAF T AFA(L3), EhS oIS En(14). MHIFIR 2P RG] 1 2 RIS

Cu+i, +i_ +(e;+u—e)=0, Cul+i +i +(&+u—¢€)=0 (12a)
Lip +e, =e;+u, i =(e;+u—e,)/L (12b)
i+ug,/C+au+i,/C=-a(e,—e,)—(&—¢)g,/C (13a)

i = ku+ku? +kou®, i, =di, /dt (13b)

g, =4/1000, C=10°, L=10"° k =2/10°, k,=8/10°, k;=1/10°, a=1/(CL)=10" (14a)

e =E, sinwt+E coswt, e, =E,sinwt+E,cosw,t, e, =E,sinwt+E, cosw,t (14b)
E, =18, E, =24, E, =20, E, =15 E; =132, E, =176, E, =30, E, =25 E,,=22(14c)
w, =123456; w, =332211;, w, =654321 (14d)
4x10’ X107
2 2
0 0
2 2
ho 20 o 20 40 %o 20 0 20 40
@ (b)

Figure 13. (a) plot(u,u,); (b) plot(u,u,)
[ 13. (a) H8E (u,u,); (b) HEE (u,u,)

i ~e3
&
2 L u+__ C In

el €2 En

Figure 14. Example 2 circuit

B 14. 512 BB
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6.1. SRR IHE S HEE M RARE R T 6 1
1) He =e,=6=0, fEEEIHFKM T, RN E BT E, & FETERHNL L, WHE 15,
2) HE, =30, e, =¢ =0, RGN 1%HAMARANTGSTAHE, BREMBE B> ECEEH
Ko RITHIREWN . £EPIERIRIKEN T, S2Iaf2 — N EIESZ K A I N AR 14 16,
3) ME,, =30, E,, =25, e, =0 fEXCEPIEAIIREN T, S0 i AH & 2 HIRMERPR, anAll 17,
4) HE, =30, E,, =25, E,, =22 E=iERIERIIREN N, B, FLPUE I FE A P
C 584 B AR R an 1) 18, B = CAR B R — AR R B T, U B 2 A AR 2R L 1

e P e e AL P LY

Mu =0, u,=0,

x 10°

1

0

-1

-2

Jo 0 10 20 30

Figure 15. e; = e, = e3 = 0 plot (u, uy)
15.e; =6, =e3 =0 E(U, uy)

x 10°

2
1
0
1
2

30 -10 0 10 20

Figure 16. E;y, =30, e, = e3 =0 plot (u, uy)
16. E;m=30,e,=€3=0 EI(U, U]_)

x10’

1.5
1
0.5
0
-0.5

+o 0 50

Figure 17. E;y, = 30, E,p = 25, 3= 0 plot (u, uy)
17. E1m =30, E;pn =25,63=0 EI(U, Ul)

x 10

'
= o [ N w

oo -50 0 50

Figure 18. Eyy, = 30, E;p = 25, E3p, = 22, plot (u, ug)
[# 18. Eypn = 30, Eoy = 25, Egpn = 22, Hi(u, Uy)
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FEFF Example-21/22/23. nb >R 3 (13) = I F B = AR in=X(15), Ha KA maxu A4 B AH B A
o R B R AR A A 24 20T 1

u =13.86Cos[w;t]—5.5303Sin [w;t] (15a)
u=13.7Cos[w;t] —13.9Cos|w,t ] —4.8Sin [w;t]+9.0Sin [w,t] (15b)
u=13.6Cos[w;t]-13.1Cos[w,t]+3.2Cos[w,t]— 4.4Sin[wt ]|+ 8.6Sin [w,t] -13.1Sin[wst ] (15c)

X6 T B TR R B S B 5, FREFE Example-21.nb 3R X (150) /2 4] 16 fFEP AR, Hh B, 8
YR T5 TR0 RC FE Rt FE 98 V8 Dk [ 1] [12] o X6 7T 5 AN 1 38 YR R 5 1) 4% 0t » FHRE 7 Example-22.nb 3k Hi 5K (15b)
Sl 17 B AR, NN T = AME IR IR S L, R Example-23.nb 3k H #(15¢) 2 4] 18 B =A
BT
6.2. A{ARHEERIEZBIRFEEAS

FEZAEWIRIESD R, 1< 19 B ny =200 Ji s, 1 ngg =nyx0.99, Nngg =nyx0.98, H (ngg : ngg ) FRIK
B Jri ] 98% 2% 99%AH rUEIAH ] 19(2) o H (ngg @ 0y ) FAENER 5 /Y 98% 2 100%HH wEIAH 14 19(b). ELHH ]
ATLURIN, 15 19(b) R EL X 19(a) SE AR EE, WA E 2 200 75 s B Ja B BOT A 76— A 3,
TR Fe b, ] 19(a) B En b1 18 M (B E K 99% % 100064 A5 i H 1) st 2 AR 1< 19(D) .

6.3. ANHEIAW 0, =10°I/F, REEBHALS

B 2 B AR o, =10° JIRD HIRER 40 50(10D), FRAT = (2n/10°) #5 =62.83 s . H
Matlab f¥) Simulink i =X (13) 05 FLAH B, ARG AR R 4i 5, W RAEEIEA] ) ny =100 /5 55, 1] LUK
] 5% fi 90% %2 959 X AH s 5 11 5 f5 90% % 100%HIAH s, PN HH B 58— B 1] 20, w2k itk
NBEERHIE. 5 20 2P AP, SR — 2R A Wi

x 10" x 10’

50 “foo 50
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