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Abstract—This paper deals with capacitor sizing for
delta-connected cascaded H-bridge (CHB) STATCOM with
sum of squares formulation. Analytical expressions of ca-
pacitor voltages and branch voltages for overmodulation
avoidance are developed and a geometrical method is used
in order to calculate the feasible capacitance value. Design
examples complete this paper.

Keywords—delta-connected cascaded H-Bridge, STAT-
COM, overmodulation, capacitor sizing, sum of squares.

I. INTRODUCTION

The delta-connected CHB multilevel converter is one
of the most feasible power converter topologies as static
synchronous compensator (STATCOM) in medium volt-
age power systems to compensate harmonic currents and
reactive power [1], [2]. This topology has advantages such
as compact structure, easy scalability and maintenance,
and the possibility to eliminate the weighty and lossy
line-frequency transformer. Each branch of the CHB
is comprising modular H-bridge submodules (SMs) fed
by dc-link capacitors. These capacitors have to buffer
fluctuating power flowing through dc side of STATCOMs.
At any time, dc-link capacitor voltage must be greater
than ac-side branch voltage, otherwise the overmodulation
occurs, leading to power quality deterioration [3], [4].

Fig. 1 shows the relationship between capacitor volt-
age and branch voltage under various operating modes.
In the capacitive mode as shown in Fig. 1(a), since the
capacitor voltage is in phase with the branch voltage,
capacitor voltage ripple is beneficial to generate the
branch voltage. STATCOM is usually in the capacitive
mode, where the loads are mainly inductive, for instance,
electric motors. Based on the aforementioned analysis, a
low capacitance CHB STATCOM was proposed in [5], [6]
by accepting a strongly fluctuating voltage at the double
of the line frequency. However, the allowable capacitance
value is also influenced by the capacitor average voltage.
If the capacitor average voltage is lower than the peak
branch voltage, see Fig. 1(b), the capacitance not only has
a minimum value like Fig. 1(a) but also a maximum limit,
which has not been studied so far. When STATCOMs are
operated with the inductive mode as Fig. 1(c), the capac-
itor voltage is in opposite phase with the branch voltage.
The capacitance selection in [5]–[8] only considers the
capacitive condition but not the inductive mode. Only

after the capacitance is determined, the inductive output
capability is analyzed.

This paper proposes a systematic and reliable capaci-
tance sizing method for CHB STATCOM operating within
the linear modulation region. Three main contributions
are summarized.

First, an explicit inequality condition as the design
rule for capacitance value is derived. Influence factors
such as the maximum value for capacitor voltage, tem-
perature, and lifetime are disregarded. Only the condition
resulting from the relationship between capacitor volt-
ages and branch voltages is considered for the following
reasons. One is that this condition must be satisfied for
overmodulation avoidance so that the power quality re-
quirement satisfaction can be possible. Another is that this
condition involves comparison of periodic time-varying
signals, one of the most challenging tasks for deducing
the capacitance. Influence factors such the maximum limit
for capacitor voltage concerns comparison of a time-
varying signal with a constant, can be taken as additional
constraints to the design rule for practice concern.

Second, the inequality condition is reformulated into a
positive univariate polynomial, the coefficients of which
are with regard to the capacitance value. Existing cal-
culation methods [9]–[11] without reformulation need
to calculate the capacitance value piecewise or at each
sampling time of the whole period and then select the
minimum capacitance value. Unlike the existing methods
which are based on discrete-time model, the reformu-
lation retains the continuity of the original expression
for capacitor voltages and branch voltages, therefore it
is highly accurate. In addition, iterative calculation can
be prevented due to the proposed reformulation.

Third, a geometrical solution for the capacitance value
is obtained. This solution is based on the reformulated
positive polynomial and the geometric method is able
to locate the allowable region for capacitance. Because
of the systematic nature of this research, all the three
operating cases in Fig. 1 can be tackled.

The rest of this paper is organized as follows. The
expressions of capacitor voltages and branch voltages are
given in Section II. The reformulation of the inequality
condition into a positive univariate polynomial and a



(a) Capacitive operating mode
(ucapdc ≥ ∣uab(t)∣peak)

(b) Capacitive operating mode
(ucapdc < ∣uab(t)∣peak)

(c) Inductive operating mode
(ucapdc > ∣uab(t)∣peak)

Fig. 1: Schematic view of capacitor voltages and absolute value of branch voltages in one cycle

geometric method for capacitance sizing are presented in
Section III. Examples are performed in Section IV to ver-
ify the proposed method. Applications of the research are
discussed in Section V. The conclusions are summarized
in Section VI.

II. ANALYTICAL EXPRESSION OF CAPACITOR
VOLTAGES AND BRANCH VOLTAGES

The configuration of the delta-connected CHB STAT-
COM is shown in Fig. 2. At the point of common
coupling (PCC), the nonlinear load is connected in par-
allel to the STATCOM. Each CHB branch consists of
N submodules and each submodule capacitor has the
same capacitance C. The branch resistor and inductor are
represented by r and L respectively. The delta configura-
tion makes a circulating current i0 flow inside possible.
uab,bc,bc is the branch voltage generated by the series of
submodules, iab,bc,bc is the branch current.

Denoting uSMi

capab,capbc,capca as the ith SM capacitor
voltage in the corresponding branch, the SM capacitor
sum voltage is

ucapab =
N

∑
i=1

uSMi

capab, ucapbc =
N

∑
i=1

uSMi

capbc, ucapca =
N

∑
i=1

uSMi
capca

(1)

Before a formulation can be introduced to determine
SM capacitance value, variables are expressed in a way
that the symmetrical components in each frequency order
can be separated and transformed into their corresponding
synchronous frame, see Eq. (3) at the bottom of the
next page. Eq. (3) shows that each frequency in the
oscillating components of variables can be separated to
the positive-, negative- and zero-sequence component,
and each sequence can be described with equivalent dq
variables.

+nω ∶ xabc+n = T+nxdq+n (2a)

−nω ∶ xabc−n = T−nxdq−n (2b)

0nω ∶ xabc0n = T0nx
dq0n (2c)

If the PCC voltages and the load currents are free
of harmonics, then the branch voltage uab,bc,ca contained
in uabc contains the fundamental frequency so that the

Fig. 2: Delta-connected CHB-based STATCOM to the
grid

source currents after compensation satisfy recommended
practice for power quality. The description of three-phase
steady-state branch voltages is

uabc = T+1udq+1 + T−1udq−1 + T01u
dq01 (4)

The three-phase SM capacitor sum voltages contain
a dc component and the 2nd order harmonic. Defining
Csum = C/N , capacitor voltage harmonic quantification
is based on

pabc = Csumucapdc ⋅ d
dt

uabc
cap (5)

where pabc represents branch powers. It thus exists

udqλ2
cap =

1

2ωCsumucapdc
Jpdqλ2, with J = [0 −1

1 0
] (6)

in which λ = +,−,0, representing the positive, negative
and zero-sequence component. The generic expression of
three-phase steady-state SM capacitor sum voltages thus
is as follows

uabc
cap = ucapdcI + ũabc

cap (7)



in which ucapdc is the dc component and I = [1 1 1]⊺,
moreover, the capacitor voltage ripple ũabc

cap has the fol-
lowing expression

ũabc
cap = T+2udq+2

cap + T−2udq−2
cap + T02u

dq02
cap (8)

= 1

2ωCsumucapdc
J (T+2pdq+2 + T−2pdq−2 + T02p

dq02)

Take branch-ab as an example, applying Eqs. (9)-(10)
in the branch voltage uab in Eq. (4) for the half-cycle,

sin(ωt) = tan(ωt)√
1 + tan2(ωt)

(9)

cos(ωt) = 1√
1 + tan2(ωt)

(10)

so that the branch voltage can be rewritten as

uab = ucapdc

⎧⎪⎪⎨⎪⎪⎩
k1 tan(ωt)√
1 + tan2(ωt)

+ k2√
1 + tan2(ωt)

⎫⎪⎪⎬⎪⎪⎭
(11)

k1 = 1

ucapdc

⎛
⎝−
√

2

3
uq+1 −

√
2

3
uq−1 − uq01

⎞
⎠ (12a)

k2 = 1

ucapdc

⎛
⎝

√
2

3
ud+1 +

√
2

3
ud−1 + ud01

⎞
⎠ (12b)

Put Eqs. (13)-(14) to capacitor voltage ucapab in
Eq. (8),

sin(2ωt) = 2 tan(ωt)
1 + tan2(ωt) (13)

cos(2ωt) = 1 − tan2(ωt)
1 + tan2(ωt) (14)

then capacitor voltage ucapab becomes

ucapab = ucapdc + ũcapab (15)

in which the ripple component ũcapab is

ũcapab = ucapdc

Csum

⎛
⎝
2k3 tan(ωt)
1 + tan2(ωt) +

k4 (1 − tan2(ωt))
1 + tan2(ωt)

⎞
⎠

(16)

k3 = 1

2ωu2
capdc

⎛
⎝

√
2

3
pd+2 +

√
2

3
pd−2 + pd02

⎞
⎠ (17a)

k4 = 1

2ωu2
capdc

⎛
⎝

√
2

3
pq+2 +

√
2

3
pq−2 + pq02

⎞
⎠ (17b)

Expressions of branch voltage and capacitor volt-

age for branch-bc and ca can also be obtained using
Eqs. (F.1)-(F.2) in the appendix.

III. PROPOSED SYNTHESIS OF SM CAPACITANCE

A. Problem Formulation

Operation of STATCOM is limited by the fact that the
capacitor voltage has to be higher than the branch voltage,
otherwise the overmodulation phenomenon appears,

ucapij − ∣uij ∣ > 0, (ij = ab, bc, ca) (18)

We still take branch-ab as an example. Defining x =
tan(ωt), put the capacitor voltage in Eq. (15) and the
branch voltage in Eq. (11) into Eq. (18), the following
inequality can be obtained,

1 + 1

Csum
( 2k3x

1 + x2
+ k4(1 − x2)

1 + x2
)

−
√

k21x
2 + k22 + 2k1k2x

1 + x2
> 0, x ∈ (−∞,+∞)

(19)

which can be rewritten as

f(x) = [(1 − k21)C2
sum − 2k4Csum + k24] ⋅ x4

+ [−2k1k2C2
sum + 4k3Csum − 4k3k4] ⋅ x3

+ [(2 − k21 − k22)C2
sum + (4k23 − 2k24)] ⋅ x2

+ [−2k1k2C2
sum + 4k3Csum + 4k3k4] ⋅ x

+ [(1 − k22)C2
sum + 2k4Csum + k24] > 0 (20)

For polynomials of degree four or higher, it is not
easy to efficiently obtain explicit descriptions of the
coefficients for deciding the positiveness of polynomi-
als. The reason is that the algebraic and combinatorial
structure of the set with respect to the coefficients can
be extremely complicated. As a consequence, obtaining
an explicit analytical expression of Csum that defines
f(x) in Eq. (20) positive can be a very complex, or
even hopeless, task. It has been proven that a univariant
nonnegative polynomial is a sum of squares [12], based
on which a reformulation for calculation of Csum is
introduced as follows.

Lemma 1. Let p(x) be a univariate polynomial of degree
2d. Then, p(x) is positive if and only if there exists a
symmetric positive definite matrix Q that satisfies

p(x) = [x]⊺dQ[x]d, with [x]d = [1 x ⋯ xd]⊺
(21)

xabcn
= xabc+n

+xabc−n
+xabc0n (3)

=

√

2

3

⎡
⎢
⎢
⎢
⎢
⎢
⎣

cos θn − sin θn
cos(θn −

2π
3
) − sin(θn −

2π
3
)

cos(θn +
2π
3
) − sin(θn +

2π
3
)

⎤
⎥
⎥
⎥
⎥
⎥
⎦

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

T+n

[
xd+n

xq+n
]

´¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¶

xdq+n

+

√

2

3

⎡
⎢
⎢
⎢
⎢
⎢
⎣

cos θn − sin θn
cos(θn +

2π
3
) − sin(θn +

2π
3
)

cos(θn −
2π
3
) − sin(θn −

2π
3
)

⎤
⎥
⎥
⎥
⎥
⎥
⎦

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

T−n

[
xd−n

xq−n
]

´¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¶

xdq−n

+

⎡
⎢
⎢
⎢
⎢
⎣

cos θn − sin θn
cos θn − sin θn
cos θn − sin θn

⎤
⎥
⎥
⎥
⎥
⎦

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

T0n

[
xd0n

xq0n
]

´¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¶

xdq0n

where θn = nωt with ω as fundamental line-frequency and n as frequency order.



(a) Feasible region for capacitive
operating mode (ucapdc ≥ ∣uab(t)∣peak)

(b) Feasible region for capacitive
operating mode (ucapdc < ∣uab(t)∣peak)

(c) Feasible region for inductive
operating mode (ucapdc > ∣uab(t)∣peak)

Fig. 3: Feasible region on (Csum, q11)-plane and geometrical solution of Csum

According to lemma 1, the univariate polynomial
f(x) in Eq. (20) can be reformulated as

f(x) =
⎡⎢⎢⎢⎢⎣

1
x
x2

⎤⎥⎥⎥⎥⎦

⊺ ⎡⎢⎢⎢⎢⎣

q00 q01 q02
q01 q11 q12
q02 q12 q22

⎤⎥⎥⎥⎥⎦´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
Qab

⎡⎢⎢⎢⎢⎣

1
x
x2

⎤⎥⎥⎥⎥⎦

= q22x4 + 2q12x3 + (q11 + 2q02)x2 + 2q01x + q00
(22)

Matching coefficients of Eq. (20) and Eq. (22), we
obtain the following equalities:

x4 ∶ q22 = (1 − k21)C2
sum − 2k4Csum + k24 (23a)

x3 ∶ 2q12 = −2k1k2C2
sum + 4k3Csum − 4k3k4 (23b)

x2 ∶ q11 + 2q02 = (2 − k21 − k22)C2
sum + (4k23 − 2k24)

(23c)
x ∶ 2q01 = −2k1k2C2

sum + 4k3Csum + 4k3k4 (23d)

1 ∶ q00 = (1 − k22)C2
sum + 2k4Csum + k24 (23e)

It is well known that the positive definiteness of one
matrix is equivalent to the positiveness of all upper left
determinants. Putting Eqs. (23a)-(23e) into the elements
of Qab in Eq. (22) leads to the expression of Qab as
Eq. (24) at the bottom of the next page. The positive
definiteness of Qab is thus equivalent to Eqs. (25a)-(25c),
in which Csum and q11 are unknowns, where q11 is free
to choose.

B. Geometrical Solution of the Capacitance Value

We consider Eqs. (25a)-(25c) for the computation
of the feasible Csum. One intuitive way would be to
make a contour plot and overlay the constraints on
the (Csum, q11)-plane to locate the feasible region. The
capacitance value for each SM can then be calculated by
C = NCsum.

IV. EXAMPLES

The three operating modes in Fig. 1 have been studied
in the following (academic) examples to evaluate the
research. The branch voltages and currents are generated

in such a way that the source currents after compensation
contain only the positive-sequence fundamental frequency
component, referred to the perfect harmonic cancella-
tion (PHC) strategy [13]. The parameters are listed in
Table I.

TABLE I: Parameters used in simulations

rated line frequency ω/2π 50 Hz
branch inductor L 9.2 mH
branch resistor r 0.0566Ω

number of SMs in each branch N 24

The measured PCC voltages (in kV) are assumed as
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

vsa = 30.4 sin(ωt)
vsb = 30.4 sin(ωt − 2π

3
)

vsc = 30.4 sin(ωt + 2π
3
)

(26)

A. Capacitive Operation Mode

The STATCOM generates capacitive reactive power if
the loads are mainly inductive. In this case, the measured
load currents are assumed as Eq. (27) in kA, which are
lagging behind the PCC voltages in Eq. (26).

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

iLa = sin(ωt − π
18
)

iLb = sin(ωt − 13π
18
)

iLc = sin(ωt + 11π
18
)

(27)

1) Capacitor average voltage greater than branch
voltage amplitude: The peak of desired branch voltages
is 52.944kV. Let capacitor average voltage ucapdc =
62.4kV. This case corresponds to Fig. 1(a). The feasible
area of (Csum, q11) that meets the constraints (Eqs. (25a)-
(25c)) is shown in Fig. 3(a). The allowable capac-
itance value can be observed directly, i.e., Csum ∈
(Csum,min,+∞) with Csum,min = 1.2µF, so that SM
capacitance value is C ∈ (NCsum,min,+∞).

2) Capacitor average voltage lower than branch volt-
age amplitude: The peak of desired branch voltages is
still 52.944kV. Let capacitor average voltage ucapdc =
45kV, corresponding to Fig. 1(b). See Fig. 3(b), the



feasible range for capacitance value is then Csum ∈
(Csum,min,Csum,max) with Csum,min = 2.7µF and
Csum,max = 11.8µF. When Csum locates in this range,
the overmodulation can be avoided. SM capacitance value
is C ∈ (NCsum,min,NCsum,max).

B. Inductive Operation Mode

The STATCOM generates inductive reactive power if
the loads are mainly capacitive. Shown in Eq. (28), the
load currents (in kA) lead the PCC voltages in Eq. (26).

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

iLa = sin(ωt + π
18
)

iLb = sin(ωt − 11π
18
)

iLc = sin(ωt + 13π
18
)

(28)

The peak of desired branch voltages is 52.364kV
and let capacitor average voltage ucapdc = 62.4kV,
corresponding to Fig. 1(c). It can be observed from
the (Csum, q11)-plane in Fig. 3(c) that Csum satisfying
Eqs. (25a)-(25c) locates within (Csum,min,+∞) with
Csum,min = 6.7µF.

It should be noticed that if both the PCC voltages and
the load currents are balanced, the feasible capacitance
for the three branches has the same value, therefore
it is enough to calculate Csum of one branch. When
asymmetry occurs on the grid and/or load side, the three
phase branch voltages as well as branch capacitor voltages
are unbalanced, therefore it is necessary to calculate the
capacitance value for each branch separately, and the
feasible capacitance value should ensure all the three
branches operating in the linear modulation range.

V. APPLICATIONS

The analysis has been given only for the fundamental
frequency current compensation, in fact, the proposed
method can also determine SM capacitance value if STAT-
COMs need to compensate harmonics. For harmonic
current compensation, the branch voltages contain the
fundamental frequency component and odd harmonics
while the capacitor voltages contain even order harmon-
ics, such as 2nd, 4th and so on. Any harmonic component
can be expressed with respect to tan(ωt), for instance,
the 4th order harmonic can be expressed with tan(ωt)
thanks to Eqs. (F.3)-(F.4) in the appendix. It is worth

noting that the polynomial degree becomes higher as the
harmonic order contained in capacitor voltages increases.

It is well known that the capacitance value influences
the converter cost and volume, therefore the method is
beneficial to a low-cost low-volume STATCOM design if
the allowable minimum capacitance is selected. The pre-
sented method can also be used in other power-electronic-
based systems, especially for the applications where the
low-frequency capacitor voltage harmonics should be an
important consideration.

VI. CONCLUSION

This paper has dealt with capacitor sizing for delta-
connected CHB-based STATCOM to avoid overmodula-
tion. Only the relationship between capacitor voltages
and branch voltages has been considered. Due to the
systematic nature of the formulation here, the capacitance
sizing under various operating modes can be elaborated.
For example, such an operating mode, where the branch
voltage peak is larger than the capacitor average voltage,
has not been studied so far.

APPENDIX

sin(ωt ± 2π

3
) = −1

2

tan(ωt)√
1 + tan2(ωt)

±
√
3

2

1√
1 + tan2(ωt)

(F.1)

cos(ωt ± 2π

3
) = −1

2

1√
1 + tan2(ωt)

∓
√
3

2

tan(ωt)√
1 + tan2(ωt)

(F.2)

sin(4ωt) = 4 tan(ωt) − 4 tan3(ωt)
1 + 2 tan2(ωt) + tan4(ωt) (F.3)

cos(4ωt) = 1 − 6 tan2(ωt) + tan4(ωt)
1 + 2 tan2(ωt) + tan4(ωt) (F.4)
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Qab =

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

(1 − k2
2)C

2
sum + 2k4Csum + k

2
4 −k1k2C

2
sum + 2k3Csum + 2k3k4 (1 −

k2
1
2
−

k2
2
2
)C2

sum + (2k
2
3 − k

2
4) −

q11
2

−k1k2C
2
sum + 2k3Csum + 2k3k4 q11 −k1k2C

2
sum + 2k3Csum − 2k3k4

(1 −
k2
1
2
−

k2
2
2
)C2

sum + (2k
2
3 − k

2
4) −

q11
2

−k1k2C
2
sum + 2k3Csum − 2k3k4 (1 − k2

1)C
2
sum − 2k4Csum + k

2
4

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

(24)

∆1 = (1 − k22)C2
sum + 2k4Csum + k24 > 0 (25a)

∆2 = ∣ (1 − k
2
2)C2

sum + 2k4Csum + k24 −k1k2C2
sum + 2k3Csum + 2k3k4

−k1k2C2
sum + 2k3Csum + 2k3k4 q11

∣ > 0 (25b)

∆3 =detQab > 0 (25c)
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