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Fig. 5. Simulations for the mutator of circuit Fig4(a) at(R 1 ; R4 ; RL ) =
(10
; 100
; 20k
); (C2 ; � 2 ) = (1 nF; �1)(10nF; 0:8)(117nF; 0:5) and
(C3 ; � 3 ) = (5k 
; 0)(5k 
; 0)(2:5nF; �1)(2:5nF; �1) ,(a) Magnitude re-
sponse, (b) ,(c) Phase at the positive and negative impedance condition
respectively

Finally, a fractional order generalized impedance inverter
(FGII) circuits are illustrated in Fig. 4(a, b). The chain matrix,
the condition for positive and negative impedances and input
impedance in case ofZL connected to port 2 are tabulated
in Table II. The circuit simulation for the fractional order
mutators at different values of� to implement fractional order
inductors are illustrated in Fig. 5. The magnitude is changing
linearly with the frequency and the slope of the magnitude
is dependent on the fractional order as predicted in (3) as
depicted in Fig. 5(a). In addition, the phase responses for
the positive and negative inductors have a variation of�4 o

compared to the ideal case (the dash lines in the �gure) over
a wide bandwidth are depicted in Fig. 5(b, c) respectively.
Basically, this error is due to the non-linearity of the elements
used in the model of the fractional order element. Furthermore,
the limited bandwidth and the non-ideal response of the CC
circuits affect the implemented fractional order response and
increase the error. Similarly, the simulations for the fractional
order mutator as a fractional order capacitor with order1 <
� � 2 are illustrated in Fig. 6. The phase of the fractional order
inductor and capacitor at the negative impedance conditions
equals �180 + ��

2 . Consequently, positive and negative
fractional order inductor and capacitor can be implemented
using the mutator circuits presented here.

IV. CONCLUSION

Different realizations for the fractional order inductor and
capacitor based on mutators are discussed. Conditions for
the positive and negative impedance for each circuit are
introduced. Circuit simulations for the mutators showed that
the circuits are able to achieve a fractional order inductor over
a wide bandwidth and with fractional order0 � � � 2. In
addition, fractional order capacitors with order1 < � � 2are
simulated and good results are obtained.
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Fig. 6. Simulations for the mutator of circuit Fig4(a) at(R 2 ; R3 ; RL ) =
(20k
; 15k
; 50k
); (C1 ; � 1 ) = (10 nF; 0:8)(117nF; 0:5)(10�F; 0:3)
and (C4 ; � 4 ) = (0:1nF; �1)(0:1nF; �1)(2:5nF; �1),(a) Magnitude re-
sponse, (b) ,(c) Phase at the positive and negative impedance condition
respectively
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