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Periodic table of circuit elements—Chua's periodic table and
new memory elements
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Absiract: Based on the introduction of Chua's periodic table, the position of the existing circuit
elements(resistor, capacitor, inductor, memristor, memcapacitor, meminductor, fractor and fracmemristor)
in the periodic table are given. In recent years, the concept of Fractional Order Memristor(FOMR) has
been developed, but the use of this name is not consistent. In this paper, the existing FOMR include
circuit are summarized into four types, and the locations of the elements in Chua's periodic table are
determined. Fractional integration is a powerful tool to represent memory loss. This paper not only gives
the unified constitutive relation expressions for circuit elements, but also gives the definitions for
fractional integral control type memory elements—Current Fractional integral controlled Memcapacitor
(CFMC), Voltage Fractional integral controlled Memcapacitor(VFMC), Current Fractional integral
controlled Meminductor(CFMI), Voltage Fractional integral controlled Meminductor(VFMI), and Current
Fractional integral controlled Fracmemristor(CFFM), and Voltage Fractional integral controlled
Fracmemristor(VFFM), etc. In addition, the operation structure diagrams of some fractional integral
control memory elements are given, and their characteristic curves are analyzed theoretically.
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Fig.1 Chua’s periodic table
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CIMC) (CFMC) (VFMC)
(CFMI) (VEMI) (CFFM)
(VFFM)
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Tablel Constitutive relations of memory elements
name name x(t) Acy) (1) v (wy,j=1,2)/m(cy) reference of paper
resistor resistor i(?) 0 u(t) 0 m(ci)=R -
CCMR i(1) 0 u(t) 0 wi=-1 [1,2,5-7]
FCMR u(t) 0 i(t) 0 wi=-1 [1,2,5-7]
memristor FOMR u(?) A=v i v=2 0<w|<1 [16]
CFMR i(1) 0 u(t) 0 ~1<w <0 [14,17,20-22,24]
VFMR u(f) 0 i(r) 0 ~1<w <0 [14,17,20-22,24]
capacitor capacitor u(t) 0 i(?) -1 m(c,)=C -
CCMC i(t) -1 u(f) 0 wi==2 [4]
FCMC u(f) 0 i) -1 wi=-1 [4]
memcapacitor CIMC it) -1 u(?) 0 —2<w<-1 [26]
CFMC (1) -1 u(t) 0 —1<w <0 this paper
VFMC u(t) 0 i) -1 —1<w <0 this paper
inductor inductor u(?) -1 i(f) 0 m(c,)=L -
CCMI i(t) 0 u(t) -1 wi=-1 [4]
' FCMI u(f) -1 i(r) 0 wi=-2 [4]
meminductor CFMI i) 0 u(t) -1 -l<w <0 this paper
VEMI u(t) -1 () 0 —1<w <0 this paper
fractor fractor i(1) 0 u(t) 0<|v<l m(c,)=m -
CCFM i(f) 0 u(f) 0<[v<1 wi=-1 [18,19,23,25]
FCFM u(f) 0 10 0<v<l1 wi=1 [18,19,23,25]
fracmemristor . .
CFFM i(f) 0 u(?) 0<[v<1 —l<w <0 this paper
VFFM u(t) 0 i(?) 0<[vj<1 —l<w <0 this paper
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Fig.3 Operational structure diagrams of fractional integral controlled memory element
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Table2 Mathematical descriptions of operational structures of fractional integral controlled memory element

structure diagram mathematical description explanation
CFMR Fig.3(a) u(t)=M(q)i(t) , M(@)=R+ KK ,K,q , q(t)= ,D}'i(t) R is the initial memristance
VFMR Fig.3(b) it)y=W(pu) ,W(@p)=1/(R+K K,p) , p(t)=  D/u(t) R is the initial memristance
VFMC Fig.3(c) q(1)=C, (pu(t) , C, (p)=C+ K Ko, o(t)=, Dlu(t) C is the initial emcapacitance
CFMI Fig.3(d) o)=L, (9i(t) , L(g)=L+ K, K K,q , q(t)= D/ i(t) L is the initial meminductance
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Fig.4 Results of numerical analysis of voltage—Ampere relation curves of CFMR
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Fig.5 Results of numerical analysis of voltage-Ampere relation curves of VFMR
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Fig.6 Results of numerical analysis of voltage—coulomb relation curves of VFMC
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Fig.7 Results of numerical analysis of Weber—Ampere relation curves of CFMI
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