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Notation

Ny : number of buses in the network

Ny : number of generator buses

Vi =V, +:V" 1 complex voltage at bus k using Cartesian coordinates
Vi, v : real and imaginary part of complex voltage at bus k
Vi = |Vi|e? : complex voltage at bus k using Polar coordinates
|V, Ok : voltage magnitude and angle at bus k

P?.QF : active and reactive power generations at bus k

1 Introduction
In this document, the additional first and second-order partial derivatives of

the power balance and flow equations w.r.t Polar and Cartesian coordinates is
computed using complex matrix notation as shown in Matpower.

2 Derivatives w.r.t x = [\77”, ‘77”, 159, ng]

2.1 Bus Voltages

2.1.1 First derivatives

Vi = P o[1] (1)
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Vot = ——(5) = -1 ®)
N :

2.2 Bus Complex Current Injections
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2.2.1 First derivatives
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2.3 Current-mismatch

2.3.1 First Derivatives

0G
Gx = 67)( = [va GVT GPQ GQ'Q] (Nb X 2(Nb + Ng))
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where Cy is N, x N, generator connection matrix.

2.3.2 Second Derivatives

R g
Gxx(A) = &(GEA) € C2(No+Ng)x2(Np+Ny)
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= u[SPNV]2 (N, x Np)

2.4 Bus Complex Power Injections

§bus = [V]Ej‘us
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2.5 Power-mismatch

G(x) = AS = Spus — S°P
= [V]E;kus - §sp (Nb X 1)

2.5.1 First derivatives
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2.5.2 Second derivatives
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2.6 Branch Voltages

Vi=CyV
V,=CV
2.6.1 First derivatives
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2.7 Branch Complex Currents

L =Y,V

2.7.1 First derivatives
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2.8 Branch Complex Power Flows

2.8.1 First derivatives
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2.8.2 Second derivatives
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3 Derivatives w.r.t x = [5, \‘7|,ﬁ9,@9]

3.1 Current-mismatch
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3.1.1 First Derivatives
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3.1.2 Second Derivatives
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Gss(N) = i(GTX)
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