Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

EEMSEHEE S ELEE—FRERE RN O M%E
KAFR Hux

Arbitrary—order high—operation constant fractance approximation circuit lattice cascaded two—port network

Zhang Yue-Rong  Yuan Xiao

5] Fi{% B Citation: Acta Physica Sinica, 70, 048401 (2021) DOI: 10.7498/aps.70.20201465
TEZE[R]1E View online: https:/doi.org/10.7498/aps.70.20201465
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

TEE ORI TEAS S0 fT SR IE NS R T

Scaling fractal—lattice franctance approximation circuits of arbitrary order and irregular lattice type scaling equation

PIFEAEA. 2018, 67(7): 070202 https://doi.org/10.7498/aps.67.20171671

IR AR PR ST Lagrange 2 Gt 1) — 288 4 SROANAR
A new type of adiabatic invariant for fractional order non—conservative Lagrangian systems

WIFRE4. 2020, 69(22): 220401  https://doi.org/10.7498/aps.69.20200488

ARIRAGEE TR Y 73R R K Lump i

Fractional order model and Lump solution in dusty plasma

PFEEEAR. 2019, 68(21): 210201 https:/doi.org/10.7498/aps.68.20191045

II R RO A GE T B AR IR SR

A periodic vibrational resonance in the fractional-order bistable system

P24 2018, 67(5): 054501  https://doi.org/10.7498/aps.67.20172046

BETARA LIS (14 73 B ik iy TR R G W] AP 5
Chaotic system synchronization of state—observer—based fractional-order time—delay

YrH2Ed. 2017, 66(16): 160501  https://doi.org/10.7498/aps.66.160501

AN 5E 53 B IR AR 2R G 0 I 22 ) 2 ] A0 4 ol

Synchronization of uncertain fractional—order chaotic systems with time delay based on adaptive neural network control

YrHE2E4R. 2017, 66(9): 090504 https:/doi.org/10.7498/aps.66.090504


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201465
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20171671
https://doi.org/10.7498/aps.69.20200488
https://doi.org/10.7498/aps.68.20191045
https://doi.org/10.7498/aps.67.20172046
https://doi.org/10.7498/aps.66.160501
https://doi.org/10.7498/aps.66.090504

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 4 (2021) 048401

EENSEREEESMEIRE —
P LR B 2R B T M) 2%

KA ®

g

()R 25 B4R, U8 610065)
(2020 4F 9 H 3 HUH; 2020 4F 10 H 2 HUEIE )

P JEE 31 Ji 22 Ml 67 2 [ -0 0T P B, T S SR A R RO OB T SR T RE Y 0 U T e B AT A
TIB TR E . DAL I 26 1 F B A A HE U am R BE A9 B0 B Carlson Z0 JE AR 0 DU 3T H % . AR 406 B B2
IR TEAR 3 BU I8 T R I B 25 ATE IR0 R 285, R ORI 1R 2% A5 sy 11 )38 AT S, BT B A e s B E
AR AT F A B 43 T2 A 23 PO T HL B . 45 5 70 S A e 0 R T 3R 98 ) A o0 A1 B G SRy AL R, iR BT AT
IR RS 12 53 D BE A9 b BE 20 I K 23 DU T H B A B R B G ) W BRAR S, O MR b 20 M A
il Jias AR G 1075 k. A5 XEARBHLAS T LY A i 0 AL BIE R J7 i, AT T o X A s 2R R R XL 11 o) 45 11
WICE IR BEHEAT U AL, BRAS B A v I AR (9 A T AR B AR 0 B AT F . LA IR 3 1 R A R

X A TR G XL IT [0 246 Sy v i S A 4 23 PG T L B B I P B — R O vk SR B

KEEIR: BRI, AREEHE, SR LT, s AR E T

PACS: 84.30.Bv, 02.30.Mv, 05.45.Df

1 3

IR R 03 T A FAR AR 2 AR
2k, AP RB A I S Sl AR h T U E
IR, 3 H 22 5 5 RE MR 220 I e ) e
PyBEAS T, Bl AL b 02 PG AR B (5
AL BR85S RR ) iz N T AR
F G000 I R IRTE AR G 112 R iz ) 4 18] 45
MRS B R PSS Br R T
PR R AR ) | R A R A AR R AR
YR e 2 L g T M (e N I A T ]
AT FEL S S B R HL - AR PR SR B R
AT B AR R 23 PO S H B T LR AR A AR E
Az AVERE, X2 RN KT i B S T B R B
A EE5 HIAFE  ELSeE .

T ) FRLAY HAT AR 5| HH B2k (19 70 R s A 1F

i

t BIEYEE. E-mail: yuanxiao@scu.edu.cn
©2021 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.70.20201465

PR 53T, P FRIEAE T 1) BRAR 1 i o34t
JCHYFHAT PR ECH

IW (s)=FM . g8 (seC,0<|ul<1), (1)
Hor s FoRERA B FRIZ AR R, FO R
ST BRHIES B, AR, BRAR M OT
)RR S ICAEAE RN, AT R 23—
AWy ] S AT BEBHATC R BT { 20 () } s B
RAMICHIBRBLERE L™ (s). B

ng .

1
_ Zi:o ﬂkz
i—o K

P2

Z (3) Fo 7(s)

1) (keNT), ()

Forh & 2R o0 U as i v i 8 MRSl ik A I UK
n L die 73590 0 BT eREL Zke () B 01 o B 22 305
UKL, Bri Ml ki 73 B s 70§ o0 B Z AR EL

http://wulixb.iphy.ac.cn

048401-1


http://doi.org/10.7498/aps.70.20201465
mailto:yuanxiao@scu.edu.cn
mailto:yuanxiao@scu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 4 (2021) 048401

A 1Y 28 843 0 T L N 17 2E B Oldham 7318
HESPUE T L OO AT BTRRIE S D g 1
Liu-Kaplan 4328534118 31 H % 19 45 #BRETE—
S AT I RL S BB AR S Be 1 A8 SR R R PO X e
BEARR AT ASRSL Bl 5SS TR SRR
OE=ZE 7B EE PO R R I EN 20

HETH B o PiE T R L B R G
(1) S VERE FE T VERE, K BT R EL Zk (s) #E4 71
—ALAE I X RC Zp i T i pg U — 1k S A3
igw =15, Hhm = ROFIRIFHFEL X (2)
W) Z (s) #EATIA—Ak, 15 33— 1L BH T R %L

Yr (w) = %'Zk (%) . (3)
A TR AR 2 B, BOH — AR SRR AR i w =
jlo=, Hpj=v-1, we RERIF— IR E
i, AR AR . R w = j10° (LA A — kB BT
PR yx (w), 15BN WEAT | AHAT . B A3, F OSSR AIE bR 4R
iRk

A (@) = g A ()] = lglye (10°) ], ()
(@) =g e G10°)), (4n)
i () = (2] (10)

Iy (w) = 1gFk (w) = Ak (@) — pk (@) - [ + 1g (2m)] -
(4d)

1960 4, Carlson TEMFFEMLZS A BILNME A 18 N
fRIRAE T R GE T, A AR il R G A 44 R LA
LR A Iz A YRR, 11 T 512 Fr Carlson 43
FEAR SO I L B, 3T s~ /™ B TE DUk A S v
R M Carlson 1EWERIEET WAL E B 245K
HF A BLE T, o RS PO X s FE e S
ENTPEREMS TR T, S A AR R Y HEE . 1
B Carlson 4B 43 Pibr FE 0 B 5 nl 4R 15 B
1= S R s I BRI AR FE B A% 43 BT
T T H e (0201 22 5E 14 He 45 1231 Fl Pu 55 P74

T A BRUAR BE AL TG A HT A & SASAU F it 5
B XN AR W, Carlson % 7 4514 1 43 i 8 it
R EA T2 U0 R AR IR A R b
TE ST PG T HL I SRR, A bR 1 I 1 HE
HEAEUATAE A s F IR G LR 27, X S d g
FEEB P BRARHIE I 28 | AR R Hh 284 B
RHIRGIIY . 1B TARAE N Z A 5l S B 3-8 T
HLER A 0 B I S P RE R AN IEE P8, iR AR Bl
SR TR A 0 B s VR RE, AE 4 B
R ERZE, I 0S4 20T 18 AR sl A ] 3
PUaE T L B s AR AL

ASSCER R AR BE 3 R T AT B A% B 23 8
HL I s R G IR, A BOUUIET [0 265 P A g 11
FRZRBE R] A A il iz BARG IR EE . 15 ks B
RGN I [ 268 P o 11 FR3 AT R, B iz
IR R BB R SRR iz Bk
A HERIAR RN, JF7E B T 5 I M IR
JEE B figp R R . 45 T T FEL e 1 P B DA P
LIrik, Bt ARG IR L ms SBE e |
TR G AT T A BRI DL as s v o ik
Frgs, It EREE—P TS A4 G R

2 TR E % i 72T
PLIB T B

22 ML Carlson 43 JE A& Zrbi i i i i B 172
Mriz B vERE, IH—4L)5 1 Carlson 23 EA& 43 iE it
HLE (] 1) S kA AT FRA% 28 S0 17T B A
XU 4.

T 1 H i 2 O HE H 3RS A AR X B ALY
R W 2% ) A5 4 S e PR A, KIS ) DL aE i
FHL AT AR AR R RR AL T 2% . % o P as i e i Y i
FARHIEM A A& 2. Btk = 32, YARRIEE 2.5 <
w < 2.5 I, HH ) B AT AR AE i 2 AR AURRAE i 2k
JUT R —HZ, RINEE RIEHE B 5 1H & 1A
fii. Bk, Carlson 53 EA& i EAT HE B B PERE.

(a) SRR RLY (b)
1/:1) 1|/|w Y o | - fo &
I 1T
Y (w) =p 1 i vy (w) U ? Xxl—iéu% < Uo
4] 1
1/w 1/w 1/w

K 1 AR kT Carlson ¥ B34 i B 2%

(a) H—fLJRAL L 3% (b) 2800 R 4%

Fig. 1. Finite k-stage Carlson Lattice fractance approximation circuit: (a) Normalized prototype circuit; (b) equivalent two-port network.
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Fig. 2. Operational characteristic curves of Carlson fractal-lattice fractance approximation circuit: (a) Order-frequency characterist-

ic curves; (b) phase-frequency characteristic curves.
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Fig. 3. k-stage scaling fractal-lattice fractance approximation circuit: (a) Normalized prototype circuit; (b) equivalent two-port network.
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Fig. 4. Operational characteristic curves of left-side port fractance and right-side port fractance in direct proportion extension (k =

12, 0 = 5): (a) Order-frequency characteristic curves; (b) phase-frequency characteristic curves.
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Abstract

Fractional calculus is widely used in the analysis and description of various nonlinear and non-integer
dimensional physical phenomena and processes in nature, and it gradually becomes a research hotspot. The
order value of fractional-order system is more flexible, and fractional-order system is more accurate for analysis
of non-integer dimensional physical phenomena and processes. In recent years, various negative half-order
fractance approximation circuits and rational approximation algorithms for negative half-order fractional
operators have been proposed and aroused people's research interest. The scaling extension of classic negative
half-order fractance approximation circuits can facilitate the design of fractance approximation circuits with
arbitrary-order fractional operators, but the operational constancy is sacrificed. The typical arbitrary-order
fractance approximation circuits have operational oscillating phenomena in frequency domain, both the order-
frequency characteristic curves and the phase-frequency characteristic curves have obvious oscillating
waveforms. The operational oscillating phenomena will inevitably affect the fractional operator operational
performance of the fractance approximation circuits, and result in errors in physical application. In this paper,
the negative half-order Carlson fractal-lattice fractance approximation circuit with constant operational
performance is analyzed from perspective of circuit network, the symmetry for equivalent two-port network of
Carlson fractal-lattice fractance approximate circuit is analyzed. The equivalent two-port network of scaling
fractal-lattice fractance approximation circuit is explored, Operational validity for the right port of scaling
lattice cascaded two-port network is studied. A symmetrical lattice cascaded passive two-port network after
scaling extension is designed through cascade of the ports on both sides of two-port network, and an arbitrary-
order scaling fractal-lattice fractance approximation circuit with high-operation constancy is designed. By
studying the zero-pole distribution and localization characteristics of the negative real zero-pole pair elemental
unit, the physical nature of operational oscillating phenomenon for scaling fractal-lattice fractance
approximation circuit with the operational performance of arbitrary-order fractional operator is explained
theoretically, the methods and ideas to effectively suppress frequency-domain operational oscillating
phenomenon are theoretically analyzed. The physical nature of operational oscillating amplitude reduction is
explained by contrastively analyzing the pole-zero distributions of scaling fractal-lattice fractance approximation
circuit and symmetrical lattice cascaded two-port network. According to the optimization principle of arbitrary-
order fractance approximation circuits, the symmetrical resistor-capacitor T-section circuit optimization
methods are used to optimize the frequency-domain approximation performance of any real-order symmetrical
lattice cascaded two-port network, and it contributes to obtain any real-order scaling fractal-lattice fractance
approximation circuit with high benefit of approximation. Arbitrary-order symmetrical lattice cascaded two-
port network provides methods and ideas for the design of fractance approximation circuits with high-operation

constancy.
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