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Circuit  Element 
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In Electrical Circuits
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Unifies the differentiation and integration: “Differintegral” 
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 In a letter to L`Hospital in 1695 Leibniz raised the following
question: "Can the meaning of derivatives with integer order
be generalized to derivatives with non-integer orders?"

 L`Hospital:"What if the order will be 1/2?"

 Leibniz replied: "It will lead to a paradox, from which one day
useful consequences will be drawn."
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Nature is Nature is 
fractional not 

integer
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Iso-damped Performance
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1945: Bode implemented a desired 60 
degree phase control circuit using 19 
elements (did not mention the term 
fractional)

In last 80 years  numerous technique was adopted to realize fractional order 
element using different RC ladder circuit
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In control Theory 



Notch filter for rejecting a single frequency

Arpit Sourav Mohapatra, and K Biswas, “A Fractional Order Notch Filter to Compensate the Attenuation-Loss Due to 
Change in Order of the Circuit” IEEE Transactions on Circuits and Systems I: Regular Papers 68 (2), 655-666, 2020.

Experimental result
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We need solid state  device to be used as a 
discrete circuit element

1. Materials 

MWCNT
 QssZ )(

Fabrication

2. Electrode structure 3. Frequency response

Epoxy resin and Hardener
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Thank you
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