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Chapter 1

Circuits containing one L

1.1 Circuit (R+L)

LR |

Figure 1.1: Circuit (R+L).

1.1.1 Impedance
Zw)=R+iLw, ReZ(w)=R, Im Z(w) = Lw

1.1.2 Reduced impedance
Z*(u)=Z/R=1+iu,u=wr, 7=L/R
ReZ*(u) =1, Im Z*(u) =u

ImY”

-1 Ue=1

0 1 0 1
Re 7" ReY”

Figure 1.2: Nyquist diagrams of reduced impedance and admittance (Y* = RY') for
the (R+L) circuit.



CHAPTER 1. CIRCUITS CONTAINING ONE L
1.2 Circuit (R/L)
L
AI11A
Figure 1.3: Circuit (R/L).
1.2.1 Impedance
1 iLRw
Z(w) =71

1.2.2 Reduced impedance

T R+tiLw
iwlL R

2 2
Re Z(w) = —2_ 2

LR?*w
TRy I2e?’ Im Z(w) = R2+ [202?
7 .
Z*(u):}—%:—llu, ,u=wT,7T=L/R

1u

Re Z*(u) Wy Z*(u) Y
e u)=———, Im u) =
14 u? 14+ u?
0

0
« >
N c T
E 7 = -1 Uc=1
‘ —

0.5 T
0 1 0
Re Z"

the (R/L) circuit.

Figure 1.4: Nyquist diagrams of reduced impedance and admittance (Y* = RY") for

1
ReY”



1.3. CIRCUIT (Re+(R1/L1)) 7

1.3 Circuit (Ry+(R/Ly))

Ly
SI1IA

-

Figure 1.5: Circuit (Ra-+(R1/L1)).

1.3.1 Impedance

Ry <1+ iwlq (Rl +R2)>

1 Ri Ry
Z(w) =P+ — T~ Twl
ile +R_1 L+ Rl
Wi R wL Ry?
ReZ(w)= ———+ Ry, ImZ(w) = ————
(w) w2L12+R12 2 () w2L12+R12
1.3.2 Reduced impedance
N _ _1+iTu _ _
A (U)—Z/RQ— 1—|—iu ,U—le,Tl—Ll/Rl (11)
T=(Ri+Ry)/Re=1+R1/R2>1
. 1+ Tu? . (-14+7T)u
1ir%Re Z*(u)=1, lim Re Z*(u) =T
T
0 0
[ -
Uy =1 -0.5¢+
0 1 T 0 1
ReZ* Re Y™

Figure 1.6: Nyquist diagram of reduced impedance and admittance (Y* = R2Y) for
the (R2+(R1/L1)) circuit, plotted for T' = 3.
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1.4 Circuit ((R;4+L1)/Ro)

Ly
|| R, || S 1L

Figure 1.7: Circuit ((R1+L1)/Rz2).

1.4.1 Impedance

(iwL1+R1) Rs .
. - . L

iwLli + R+ Ry (Ry + Ry) (1+ iwl )
R (w2 Li® + Ry (Ry +R2))

Re Z(w) = , Im Z(w) =
( ) w2L12+(R1+R2)2 ( )

Z(w) =

1.4.2 Reduced impedance

" Z (R1+ R 1+iTu
Z(u): (R1R2 2): 1+1u 7u:q’l(_A_)’7'121;1/(R1—|—R2)
T=m/rn,n=L1/R,T=14+Ry/R1>1

cf. §1.3.2, Eq. (1.1) and Fig. 1.6.

1.5 Transformation formulae

(R+(R/L)) < ((R+L)/R)

S111N R22
Rog —
Mo 1 WLH
Ri1 LRz |

Figure 1.8: The (R+(R/L)) and ((R+L)/R) circuits are non-distinguishable.

1.5.1 Transformation formulae (R+(R/L)) — ((R+L)/R)

L Ry ?
"L Rig = Ryy + =2

Roo = Ry1 + Ra1, L2 = R R




1.6. CIRCUITS CONTAINING L VS. CIRCUITS CONTAINING C 9

1.5.2 Transformation formulae ((R+L)/R) — (R+(R/L))

Lia Roo? Roy? Ri2 Roo

Ly = Ry = Ry = 12722
U R+ Ry " Ria+ Ry’ ' Riy+ R

1.6 Circuits containing L vs. circuits
containing C

v ]
R21 E— Ly
Ry [ Ro | 21112
Circuit 1: (R+(R/L)) Circuit 2: (R+L)/R)
Cis
— ("]
Ros Cisg
|
Circuit 3: (R+(R/C)) Circuit 4: (R+C)/R)

Figure 1.9: (R+(R/L)), ((R+L)/R), (R+(R/C)), (R+C)/R) circuits are non-
distinguishable, taking account of negative values of parameters.

1.6.1 Transformation formulae circuit 1 < circuit 2
and circuit 3 < circuit 4

cf. § 1.5 and "Handbook of EIS : Circuits made of Rs and Cs”.

1.6.2 Transformation formulae circuit 3 — circuit 1

Li1 = —Ci3 R13®, Ry = Riz + Rog, Ry = —Ri3

1.6.3 Transformation formulae circuit 1 — circuit 3

Ly

Ci3 = ———5,R23 = Ri1 + Ra1, Ri3 = —Rn
Ry

1.6.4 Transformation formulae circuit 4 — circuit 1

2
Roy

Ly = —C14 Roy®, Roy = Roy, Ry = — Bt Bor
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1.6.5 Transformation formulae circuit 1 — circuit 4

R (Ri1 + Ra1) Oy = — L1y

Roy = Ro1, R14 = —
24 21, L1114 i Fat?

1.6.6 Transformation formulae circuit 3 — circuit 2

_ Roz (Rus + Ras)
Ris

Lis = Ci3 Ry3, Roa = Ro3, Rio =

1.6.7 Transformation formulae circuit 2 — circuit 3

Lis (Ri2 + Rao) Rys?
O3 = — =212 T 722 Boe = Rog, Rz = ———2
13 R222 ) 23 22 13 R12 +R22

1.6.8 Transformation formulae circuit 4 — circuit 2

R4 Ray

Lis = Ciq (Ria+ Roa), Roa = Riet Rt

Ri2 = —Ry4
1.6.9 Transformation formulae circuit 2 — circuit 4
Rio R Lo (Ri2 + Ra22)

Riy=—Rig,Ros = ———F"—,C1y =
14 12, 24 = o p ot Riy?

1.7 Modified inductance

Z=Ly({w)", ReZ =Low%co, ImZ = Low®* s,

Co = cos(%) , Sq = sin(L;)

Z| = Low®, Z:B:cte
2

The L, unit (H cm?s'~®) depends on a.

-Imz
ImY

Re Z Re Y

Figure 1.10: Nyquist diagrams of the impedance and admittance for the modified
inductance L., plotted for a = 0.8.



Chapter 2

Circuits made of one R
and two Ls

2.1 Circuit ((R;/L;1)+Ly)

L1
SI1IA Lo
—_— SI1IA

Figure 2.1: Circuit ((R1/L1)+La).

2.1.1 Impedance

iwly L
iw (L1 + L2) (1 + u)
Z(r.u)*i1 +iwly = (L1 + L) Ba
- N 1 2= 1+iwL1
Rl ile Rl
2.1.2 Time constants
(L1—|—L2) iw (1—|—in2) L1 L1L2
Z - = — e —
(W) l+iwn T Ry ik (Ll +L2) Ry

w? (L1 + L) (11 — 1) w (L1 + L) (1+w?mm)

Re Z(w) = Im Z(w) =

1+w2712 ’ 1+w27'12
Li+L -
lim Re Z(w) = AT 2)2(71 ™) _ g,
w—00 T1

11
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2.1.3 Reduced impedance

N 1 iu (1+iTu)
2(u) = 2() /Ry = 2 O @)
T2 Lo
= ,T:—:7<1
U w T - L1+L2
2 1+Tu?
ReZ*(u):# , Im Z*(u) = — u (L+ T , lim Re Z(u) = 1

(T+7) (I u?) " wose

-ImZ*

Re z*

Figure 2.2: Nyquit diagrams of reduced impedance for the ((Ri/Li)+L2) circuit
(Eq. (2.1), Fig. 2.1, T =1/4,1/9,1/90, the line thickness inceases with increasing T').
Horizontal tangent for T < 1/9 (Li/Ls > 8). Dots: reduced caracteristic angular
frequency: uc1 = 1; circles: reduced caracteristic angular frequency uce = 1/7.

2.2 Circuit ((R1+L2)/L1)

Ly
4W7

L,

——| Rll YN

Figure 2.3: Circuit ((R1+L2)/L1).




2.3. TRANSFORMATION FORMULAE ((R/L)+L) < ((R+L)/L) 13

2.2.1 Impedance

. ing
L (1
iwLy WLy +Ry) 1( TR )

iwli+iwle+ Ry o 14

Z(w) =

2.2.2 Time constants

iwL (1+iwT) Tl:L1+L2 _Ls

’ Rl ’ Rl

wly (1—|—w27172)
1+w?2m?

Z(w) =

- T2
l1+iwn

w2L1 (7'1 —7'2)
1+ w?r?

Re Z(w) = , Im Z(w) =

. Ly (11 — ) Li* Ry
i R (o) = B - R

2.2.3 Reduced impedance
iu (1+iTw)

2°(w) = 2(w) /R = (1 - 1) 2

(2.2)

T2 Lo

B_o_ 22
1 Li+ Lo

u=wmn, 1=

i (=14 T)%u? . (—1+T) u (1+Tu?)
L 2
lim Re Z(u) = —————
U—00 (Ll + LQ)
(Fig. 2.4)

2.3 Transformation formulae ((R/L)+L) < ((R+L)/L)
2.3.1 Transformation formulae ((R/L)+L) — ((R+L)/L)

L+ L)’ R Loy
S 221) S Loy = Loy + =, L1z = L1 + Loy
L11 Lll

Ry =

2.3.2 Transformation formulae ((R+L)/L) — ((R/L)+L)
Lig Lo L15? L12? Ryz

Loy = L= 2 R = 2t
A Lo+ Loy M T Lig4 Ly (L2 + L22)2
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-ImZ*

Re zZ*

Figure 2.4: Nyquit diagrams of the reduced impedance for the ((R1+Lz)/L1) circuit
(Eq. (2.2), Fig. 2.3, T'=1/4,1/9,1/90, the line thickness inceases with increasing T').
Horizontal tangent for T < 1/9 (Li/Ls > 8). Dots: reduced caracteristic angular
frequency: uc1 = 1; circles: reduced caracteristic angular frequency uce = 1/7.

Loy

Lo
Ri1

Figure 2.5: The ((R/L)+L) and ((R+L)/L) circuits are non-distinguishable.



