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Ledger Closures

volm = λ3
C , rson = F 2

q

aefp = 1
indc , potn = 1

capc

Fq = mflx · aefp indc · capc = 1
F 2

q

Base Units

Impedance: mflx Admittance: cond = mflx−1

Key Symbols

mflx – Base Impedance Unit
Fq – Quantum (Resonant) Frequency
b(ω) – Dimensionless Detuning
J – Quadrature Matrix (+90◦)
V , I – [cos, sin] component vectors

Series RLC (Normalized)

b(ω) = ω

Fq
− Fq

ω

Zseries(ω) = mflx
[

1 −b(ω)
b(ω) 1

]
Components:

ZR = mflx

ZL =
(

ω
Fq

)
mflx

ZC = −
(

Fq

ω

)
mflx

Parallel RLC (Normalized)

Ypar(ω) = cond
[

1 +b(ω)
−b(ω) 1

]
, Z = adj(Y )

det Y

Magnitude, Angle, Power

G(ω) =
√

1 + b(ω)2, θ(ω) = arctan b(ω)

∥Z∥ = mflx G(ω), Resonance: b(Fq) = 0

⟨p⟩ = 1
2

(
VcIc + VsIs

)

One-Port Composition

ZA⊞B = ZA + ZB YA//B = YA + YB

Two-Port Cascades

Ptot = PN ▷ · · · ▷ P1

Transmission Section

Let R(ϕ) =
[

cos ϕ − sin ϕ
sin ϕ cos ϕ

]
, J =

[
0 −1
1 0

]
.

X(x + ℓ) =
[

R(ϕ) −mflx bℓJ R(ϕ)
cond bℓJ R(ϕ) R(ϕ)

]
X(x)

Coupled Inductors

Two windings: (mflx1, Fq,1), (mflx2, Fq,2), coupling k, J =[
0 −1
1 0

]
.

Z
(L)
11 =

(
ω

Fq,1

)
mflx1 J

Z
(L)
22 =

(
ω

Fq,2

)
mflx2 J

Z
(L)
12 = k

(
ω√

Fq,1Fq,2

)√
mflx1mflx2 J

Input impedance (port 1):
Z

(1)
in = Z11 − Z12 (Z22 + ZL)−1Z21

1



QMU S-Parameters

Reference Z0 = mflx0 I2.

a = V + Z0I

2
√

mflx0
, b = V − Z0I

2
√

mflx0

Γ = (Z − Z0)(Z + Z0)−1

= (Z − Z0) adj(Z + Z0)
det(Z + Z0)[

b1
b2

]
=

[
S11 S12
S21 S22

] [
a1
a2

]

Small-Signal: Transconductance
(VCS)

Relation i2 = gm v1 with dim(gm) = cond.

Y (gm) =
[

0 0
gm I2 0

]

Small-Signal: Output Conductance
Finite output conductance go adds:

∆Y =
[

0 0
0 go I2

]

Small-Signal: Negative Differential
Resistance

One-port active template:

Yact = gd I2, Zact = 1
gd

I2

Quick Recipes

Detuning: b(ω) = ω/Fq − Fq/ω

|Z| = mflx
√

1 + b2, θ = arctan b

Series: Ztot =
∑

k

Zk Parallel: Ytot =
∑

k

Yk

Cascade two-ports: Ptot =
∏

k

Pk
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