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@-Iﬁ) 3. Proper tree® & 3 EIEDEIEAFER

DENICET HKCLEKVL

K1 [HlpgFET & 2 OB, BEERE & OMEE
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AR (V) | ov | v | ny
AEEF v )% (C) (e, 1C nc
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AR A v 528 (L)
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Qi =[I Fli =0

O O M~
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Fvr Fvr Fyg
Fer Feor Feor
ter Far Far

v + Fygrip + Fyrip + Fyrir =0

Forir+ Forip + Forir =0
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- Farir + Farir + Farir =0
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U, REEHIE, HAHER

HAAER
iwv + Fyrip + Fyrin + Fyrip =0

T T T

RRE A TR
1c + Fortr + Feorpir + Forir =0

UV

1 + Forir + Farir + Fariy =0

T T T
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@-@ 2 [bli% (complete circuit)
BRI E
o + Fapir + Farip + Fariy =0 ve = Raig
—Fypuy — Fépue — FGrug +vp =0 ir = GRUR

g + Farip + Fagrir =0 ve = flig)

—Fpvy — Frpve +vR =0 ir = g(VR)

RRE TR
1o + Fortr + Forpip + Forir =0

T T T
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ig +Farir + Farir =0 va = f(ig)
—Fpvy — Flpve +vgp =0 ir = 9g(vR)
I IC o = dve
. = dt
O —ANNN— ®
A . . A
Vy = — 17, — 1 —
7 v, .G f( TGL L TGI I) V- C
ir = 9(Fgrve + Fyrov)
di, -
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T T T
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R : ZR—Z:O ’UR:Ri
L ER 97 [l % G: —v4+vg=0 ic = g(v)
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D =& E(complete circuit)

Far =0

ia + Forip =0 ve = flig)

V — Flrvc +vr =0 ir = g(vR)
Far=0, Far =0, Frp =0

g +Fgrip =0 vg = f(ig)

vr — FApve =0 ir = g(vR)

RRE TR
1o + Fortr + Forpip + Forir =0

T T T _
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@-I_D w=v'di=0

w=vldi = vidiy +vidic +vidig +vhdig +vidip + vi dig

= (vidif, —igdve) + (vhdig —iRdvgr) + d(viic + vhig + viiy)

= (vidif, —igdve) + dP(ig, ve) =0
1G VR
P(ig, vo) = / vediag — / iRdvR + v5ic + VRig + vy
0 0

1 vC
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P(ir, vo)

P(iL, Uc) — —?JgFCLiL + F(ZL) — G(Uc)

ir
F(ZL) = —/ f(—FGL’iL)diL — ”U‘CZ;FVLZ'L
0

ve
G(vo) = / g(Firve)dve +vEFeorir
0
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C:ic+ig—1=0
R:ip—1=0 v = Ri
G: —v+vg=0 ic = g(v)

L: —E+4+v+4+vg+v, =0

P(i, v) = —vFopi+ F(i) — G(v) = vi + %Riz — Fi — / g(v)dv
0

di 0P
- 5 v— Ri+
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Ca =5 =1 — g(v)
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Gradient
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dt CLoL Ove
D/SS/pat/ve Hamiltonian
System System

R-0
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oscillator
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a4n AT E XTIV I DT RILE—

AT ] , ,

iz = f1(0). vi = 22, Wy (9) = /0 T = /O f(6)Tdg
=R AV

ve = fclq), ic = Z(z :/ ”Ucdq—/ folq)tdg
O DE T R)LF— H(¢, q) = Wr(9) + Wec(q)
0| i AT
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a4 A coupled BVP circuit

I 201_7/120
L 109 — 12 =0

1c3 — 11 +19—13 =0

Fop=1 0 -1 0

iJ?za -1 1 -1

1 (%
P(i, v) = —v! Fori+ F(i) — G(v) = vi + §Ri2 — i — / g(v)dv
0

3
. . L . Ok
P(Z, U) = —UTFCLZ + E {§Rk2i — B — / g(vk)dvk}
k=1 0

3
. . . . . | R . Uk
= v141 + Voio + v3(t1 — i + i3) + E [§szi — iy — / g(vk)dvk]
k=1 0
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A coupled BVP circuit

L
Yar T

di 2
dt

di ats
dt

dv 1
dt

d’UQ

le o

OP
- 9iy
0P
Dio
a—.P = —v3 — R3iz + L3
i3

oP

— (9—?}1 =1 —g(vl)

oP

Co—— pm — (9—?)2 — 19 —g(vz)

dv avs
dt

s

or
=11 — 12 + i3 — g(vs3)

= —v1 —vg — Rit1 + By

= —vUz + v — Rota + Eo
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Qr=0; Bv=20

(V): 2y + Fysis + Fyrip + Fyrip + Fyrir =0
(C) : ic+ Fosis + Forir + Forir + Forir =0
(G) S—I—FGRZR+FGLZL—|-FG]Z]:O

e (Frsds €Frp)n + Froir + Frrip =0

1o = Cove
is = Cgvs
v, = Lrig,
ur = LFiF
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iwv + Fyvsis + Fyrip + Fyrip + Fyrir =0
o+ Fostg + Forpip + Forip + Forep =0
1o + Fapip + Farip + Farip =0

ivr + Frrip + Frrir =0

T T _
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T T T T _
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Ur — FVIUV — FCIUC — FGI’UG — FFIUF =0
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Qi=0; Bv=0

ic = Ceove
1s = Csvg
v, = Lrig,
Ur — Lrir
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w + Fyvsts + Fyrig + Fvrip + Fyrip =0
ic + Feosis + Ferir + Forip + Forir =0
ic + Fgrir + Fgrip + Farir =0

ir + Frrip + Frrir =0

T T _
Vs — Fvsvv — Fcrs’UC =0

T T T .

T T T I niA _
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Circuit Design

Gradient
Static SR DlSS/pat/ve Hamiltonian
System System System
y = O y y
R- O
| LCR |
Ceo L%O
symmetry

bifurcation

Attractor Design
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@-@ sthiR RSN (relaxation oscillation)
? iAG ic=gv)
iG ic "T . ¢
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@Iﬁ’ othiRiREN (relaxation oscillation)
R L
W 2E/3 v
— | 0 /3
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@-@ Alpazur oscillator
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