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Abstract – The Laws of Ohm (1826) and Kirchhoff's
laws (1847) are the basis for the theory of electric
circuits. Using them when calculating electrical
circuits, we need to create and solve a system of
equations for circuit currents and nodal voltages.
Kirchhoff's Theorem (1847) on finding currents of
branches does not require the compilation and solution
of this system of equations. Belov G. A. and Zakharov
V. G. (2003) re-proved the Kirchhoff's Theorem (1847)
and supplemented it with eight rules for calculating
electric circuits. With the help of these rules, the
currents of branches and nodal voltages are formed
from a loop or nodal determinant and an electric
circuit. At the same time, duplicate operations occur in
the process of forming expressions of currents and
voltages according to these rules. In this paper, we
prove the theorems of the Fast Kirchhoff method about
a complete and truncated tree, about a unique branch
and loop, about common branches and loops, as well as
the formulas of the Fast Kirchhoff method for
generating currents of branches and nodal voltages.
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In the Fast Kirchhoff method, when calculating an
electric circuit, there are no duplicate operations when
generating currents of branches and node voltages, and
this reduces the calculation time.
Keywords – Fast Kirchhoff method, proof, electric
circuit.

1. Introduction
Software packages for modeling electronic circuits
showcase a wide range of research. For example they
are widely used in modeling nonlinear phenomena
[1], in designing electronic circuits [2], and in
modeling power electronic devices [3], [4]. These
software systems are widely used in education [5],
[6], as they allow us to understand what physical
processes occur in radio-electronic circuits [7].
Currently, software packages for modeling electronic
circuits such as PSpice [8] and NI MultiSim [9], [10]
are widely popular. Recently, modeling problems
have been solved in close integration with software
and hardware [11].
The core of the PSpice and NI MultiSim software
packages is the SPICE algorithm [12]. The
Foundation of this algorithm is the Laws of Ohm
(1826) [13] and Kirchhoff's laws (1847) [14], in
which the researchers are still interested [16], [17].
With the help of Kirchhoff's laws, when
calculating electrical circuits, we need to create and
solve a system of equations for loop currents and
nodal voltages. The Theorem of Kirchhoff (1847)
[14], on finding the branch current does not require
the compilation and solution of this system of
equations. Belov G. A. and Zakharov V. G. [15] reproved the Kirchhoff’s Theorem and supplemented it
with eight rules for calculating electric circuits.
Using these rules, the branch currents and the nodal
voltages are generated from a loop or base of the
determinant and circuits of an electric circuit. Rules
of the Kirchhoff-Zakharov method on the basis of
resistances [15]:
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1. THE RULE OF CURRENT DUE TO EMF
(ELECTROMOTIVE FORCE) SOURCES. The expression
for the current in the 𝑗-th branch due to EMF sources
is equal to the fraction
∑

𝐼

∆

,

(1)

where the denominator is the loop determinant. The
numerator is the terms sum consisting of terms of the
determinant loop, the cofactor containing resistance
𝑗-th branch is taken and without this resistance,
multiplied by the total EMF of the circuit when
removing the remaining resistors in these terms of
loop of the determinant. The EMF of branches is
taken with a plus sign if their direction coincides
with the specified current direction in the 𝑗-th branch
and with a minus sign in the opposite case.
2. THE RULE OF CURRENT DUE TO CURRENT
SOURCES. The expression for the current in the 𝑗-th
branch due to current sources is equal to the fraction
𝐼

∑
∆

,

(2)

where the denominator is the loop determinant. The
numerator is the terms sum consisting of terms of the
determinant loop, but it does not contain the factor of
the resistance 𝑗-th branch, multiplied by the sum of
the currents generated by current sources which
belong to the branches with resistances of these
components of a loop closing the determinant and
using
the
𝑗-th branch in the loops created in the circuit when
we remove the resistors included in the factors of
these components of the loop of the determinant.
Current sources are written in the sum of currents
with a plus sign if their direction coincides with the
specified current direction in the 𝑗-th branch and with
a minus sign in the opposite case.
3. THE RULE OF THE VOLTAGE BETWEEN THE
SPECIFIED AND BASIC NODES, DUE TO EMF SOURCES.
The expression for the voltage between the 𝑗-th and
the base node due to EMF sources is equal to the
fraction
𝑈

∑
∆

,

(3)

where the denominator is the loop determinant and
the numerator is the sum of summands consisting of
the loop determinant summands multiplied by the
total EMF of the path from the 𝑗-th node to the base
one, created in the circuit when removing the
resistances that are included in the specified loop
determinant summands. The EMF of branches is
taken with a plus sign if they are directed to the 𝑗-th
node and with a minus sign in the opposite case.
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4. THE RULE OF THE VOLTAGE BETWEEN THE
SPECIFIED AND BASIC NODES, DUE TO CURRENT
SOURCES. The expression for the voltage between the
𝑗-th and the base node, due to current sources, is
equal to the fraction
𝑈

∑

∑
∆

,

(4)

where the denominator is the loop determinant and
the numerator is the sum of terms consisting of terms
of the loop of the determinant multiplied by the total
voltage of the path from the 𝑗-th node to the base
created in the circuit of the remaining resistances and
current sources when removing branches with the
resistances included the factors listed in terms of the
loop of the determinant. The voltages generated at
the resistance of the current sources are taken with a
plus sign if they are directed to the 𝑗-th node and
negative otherwise.
2. Theoretical Basis
We perform a proof of the theorems and formulas
of the Fast Kirchhoff method, assuming that the
circuit has 𝑛-branches.
THEOREM 1 (ON THE UNIQUE PATH). If in the
circuit, when removing the resistances of a
summand, according to rules 3 and 4 (above), a path
is created from the branches of a full tree, then this
path is the unique one.
PROOF. We remove branches from the circuit with
the resistances of the summand of the loop
determinant 𝑧 , … , 𝑧 , 𝑧 . If in the resulting circuit
there forms a path from the 𝑗-th node to the base with
impedance 𝑧 , 𝑧 , . . . , 𝑧 , then it is unique
because of the resistance of the complete tree circuit
𝑧 , 𝑧 , . . . , 𝑧 , and the resistance summand loop
of the determinant 𝑧 , … , 𝑧 , 𝑧 forms a complete set
of impedance circuits 𝑧 , 𝑧 , . . . , 𝑧 , 𝑧 .
THEOREM 2 (ON THE COMMON PATH). If in the
circuit, when removing the resistances of a
summand, according to rules 3 and 4 (above), a path
is created from the branches of an incomplete tree,
then this path is common by several terms.
PROOF. Suppose that when we remove the
branches with resistances of the summand loop of the
determinant 𝑧 , … , 𝑧 , 𝑧 it forms a path from the 𝑗-th
node to the base through the branches of an
, and if for
incomplete tree 𝑧 , 𝑧 , … , 𝑧
another summand loop of the determinant it will also
form a path from the 𝑗-th node to the base through
the same branches of an incomplete tree
, then this path is common to
𝑧 ,𝑧 ,…,𝑧
these resistance terms and will change in the range of
,𝑧
,…,𝑧
,𝑧
.
𝑧
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THEOREM 3 (ON THE UNIQUE LOOP). If in the
circuit, when removing the resistances of the
summand according to rule 1 (above) a loop is
created from the branches of the full tree and the 𝑗-th
branch, then this loop is the unique one.
PROOF. We remove a branch from the circuit with
the resistances of the termed loop determinant
𝑧 , … , 𝑧 , 𝑧 , … , 𝑧 , taken without the resistance
of the 𝑗-th branch of 𝑧 . If the circuit is formed, the
loop of the 𝑗-th branch with impedance 𝑧 and with
branches
full
of
trees
with
impedance
𝑧 , 𝑧 , . . . , 𝑧 , then it is unique because of the
resistance
of
the
complete
tree
circuit
𝑧 , 𝑧 , . . . , 𝑧 , and the resistance summand of the
loop of the determinant 𝑧 , … , 𝑧 , 𝑧 , 𝑧 , … , 𝑧
forms the full set of impedance circuits
𝑧 ,𝑧 ,...,𝑧 ,𝑧 .
THEOREM 4 (ON THE COMMON LOOP). If in the
circuit, when removing the resistances of a
summand, according to rule 1 (above), a loop is
created from the branches of an incomplete tree and
the 𝑗-th branch, then this loop is common for several
terms (stages).
PROOF. Suppose that when we remove branches
with the resistances of the summand loop
determinant 𝑧 , … , 𝑧 , 𝑧 , … , 𝑧 , taken without the
resistance of the 𝑗-th branch 𝑧 , a loop is formed from
the 𝑗-th branch with resistance 𝑧 , and the branches of
the
incomplete
tree,
with
resistances
. If for another summand of the
𝑧 ,𝑧 ,...,𝑧
loop the determinant is taken without the resistance
of the 𝑗-th branch of 𝑧 , a loop will also be formed
from the 𝑗-th branch, with resistance 𝑧 , and branches
of an incomplete tree, with resistances
, then this loop will be common for
𝑧 ,𝑧 ,...,𝑧
these terms, and the resistances in the terms will vary
,𝑧
, …, 𝑧
,𝑧
.
within 𝑧
THEOREM 5 (ON SUPERPOSITION IN UNIQUE
LOOPS). If we remove the resistance summand
according to rule 2 (above) and the circuit forms a
tree, and if the 𝑗-th branch through the current source
remote branches are formed in the loop, the
superposition of these currents in the 𝑗-th branch is
unique.
PROOF. Suppose that when we remove branches
from the circuit with the resistances of the summand
of the loop determinant 𝑧 , … , 𝑧 , … , 𝑧 , a tree is
formed in the circuit. If a circuit is formed through
the current source 𝐽 , and the 𝑗-th branch, and such
circuits will be formed for all current sources
𝐽 , 𝐽 , … , 𝐽 , 𝐽 , then the superposition of
currents
in
the
𝑗-th branch is unique, since the other summand of the
loop determinant has other combinations of
resistances.
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6 (ON SUPERPOSITION IN COMMON
in the circuit when removing the
resistances of the summand, according to rule 2
(above), a tree is formed, and if the 𝑗-th branch does
not form through all the current sources of the remote
branches, then the superposition of these currents in
the 𝑗-th branch will be common for several terms.
PROOF. Suppose that when we remove branches
from the circuit with the resistances of the summand
of the loop determinant 𝑧 , … , 𝑧 , … , 𝑧 , a tree is
formed in the circuit. If the circuit through the
current source 𝐽 is not formed through the 𝑗-th
branch, i.e., the current of the source 𝐽 is not
superimposed in the 𝑗-th branch, and there are
several such loops, then a combination of common
tree branches is possible for several terms, through
which currents are superimposed in the 𝑗-th branch,
i.e., the superposition of currents will be the same for
several terms of the loop determinant.
FORMULA 1 (CURRENT DUE TO EMF SOURCES).
The current in the 𝑗-th branch due to EMF sources is
equal to the fraction
THEOREM
LOOPS). If

∑

𝐼

∑ ∙∙

∑
∆

∙

,

(5)

where 𝑍 is the component of a loop of the
determinant, in which the resistance of the j-th
branch includes a co-factor, and after removal of the
factors of resistance 𝑗-th branch in the circuit forms a
unique loop; 𝑍 ∙ is the summand of the loop
determinant, in which the resistance of the 𝑗-th
branch includes a co-factor, and after removal of the
factors of resistance, 𝑗-th branch in the circuit is
formed in the common loop; 𝐿 ∙ 𝑛 is the number of
terms of the loop of the determinant, for which the
circuit is formed from the same common loop; 𝑀 is
the total number of unique loops; 𝑁 is the total
number of all loops and 𝐸 , 𝐸 the total EMF of the
loop.
PROOF. Under the current rule, due to the sources
of EMF [21] while removing from the circuit of
factors, the summand from which the resistance of
the 𝑗-th branch is removed, the circuit is formed in
this case, the numerator of the expression for the
current 𝑗-th branch is the sum of products summand,
the loop of the determinant is taken without
resistance by the 𝑗-th branch and is multiplied by the
total EMF of the circuit. From the proof of theorems
3 and 4, the loops created in the circuit can be unique
or common. In addition, a common loop is formed
for several summands, and these loops will have the
same total EMF.
FORMULA 2 (CURRENT DUE TO CURRENT
SOURCES). The current of the 𝑗-th branch due to
current sources is equal to the fraction
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𝐼

∑ ∙∙

∑

∑

∙

,

∆

(6)

where 𝑍 is the loop summand of the determinant,
for which the circuit is formed from unique
superposition currents through the 𝑗-th branch; 𝐴 are
the cofactors of the determinant components of the
loop for which the circuits are formed, the total
superposition of currents through the 𝑗-th branch; 𝐵 ∙
is the loop of the factors of summands of the
determinant, the current sources, which in the circuit
does not superimpose a current on the 𝑗-th branch;
𝐿 ∙ 𝑠 is the number of summands of the loop
determinant for which there are current sources that
do not superimpose their current on the 𝑗-th branch;
𝑂 is the the total number of unique superposition
currents; 𝑆 is the total number of all common
superposition currents and 𝐽 , 𝐽 the sum of the loop
currents’ superposition.
PROOF. Under the current rule, due to the current
sources [21] when removing factors of a summand
from the circuit, a tree is formed, the numerator of
the expression for the current 𝑗-th branch is the sum
of products summand the loop of the determinant on
the total current obtained in the circuits through the
𝑗-th branch and the current sources in the branches of
remote resistance. From the proof of theorems 5 and
6 in the circuit, the superposition currents can be
unique or common. In this case, the total
superposition currents are formed for several
summands, for which there will be the same sum of
currents.
FORMULA 3 (VOLTAGE DUE TO EMF SOURCES).
The voltage between 𝑗-th and the base node due to
EMF sources is equal to the fraction
𝑈

∑

∙

∑

∑∙
∆

∙

node due to EMF sources is equal to the fraction
∙

∑

𝑈

∑ ∙

∙

∙

∙

∑

∑∙

∙

∙

∑ ∙

∙

∙

,

∆

(8)
where 𝑍 is the loop summand of the determinant of
what in the circuit has formed the unique path; 𝑍 ∙ is
the summand of the determinant loop with it, for it is
in the circuit formed by the common path; 𝐿 ∙ 𝑝 is the
number of terms of the loop of the determinant, for
which the circuit has formed the same path; 𝐹 is the
total number of unique paths; 𝑃 is the total number of
all paths; 𝑧 ∙ , 𝑧 ∙ is the resistance through which a
path is formed in the circuit; 𝐽 ∙ is the current
source connected parallel to resistance 𝑧 ∙ and 𝐽 ∙
the current source connected parallel to resistance
𝑧 ∙ .
PROOF. under regulation voltage caused by current
sources [21], when deleting factors of the summand
from the circuit formed in this path, the numerator of
the expression of the tension between 𝑗-th and the
reference node will be the sum of products of terms of
the loop of the determinant multiplied by the sum of
the voltage path, which is equal to the product of the
resistance through which the path is created,
connected to the current source. From the proof of
theorems 1 and 2, the paths created in the circuit can
be unique or common. In this case, a common path is
formed for several summands, and the total stress for
these paths will be the same.
3. Results

,

(7)

where 𝑍 is the loop summand of the determinant of
what in the circuit has formed the unique path; 𝑍 ∙ is
the summand of the determinant loop with it, for it is
in the circuit formed by the common path; 𝐿 ∙ 𝑝 is the
number of terms of the loop of the determinant, for
which the circuit has formed the same path; 𝐹 is the
total number of unique paths; 𝑃 is the total number of
all paths and 𝐸 , 𝐸 the path EMF.
PROOF. According to the rule of stress caused by
EMF sources [21], when removing the summand
multipliers from the circuit, a path is formed. In this
case, the numerator of the stress expression between
𝑗-th and the base node will be the sum of the
products of the summands of the loop determinant
multiplied by the total EMF of this path. From the
proof of theorems 1 and 2, the paths created in the
circuit can be unique or common. In this case, a
common path is formed for several summands, and
these paths will have the same total EMF.
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FORMULA 4 (VOLTAGE DUE TO CURRENT
SOURCES). The voltage between j-th and the base

Let's calculate current 𝐼 and voltage 𝑈 in the
circuit shown in Figure 1.

Figure 1. Circuit for calculation current and voltage

The loop determinant of this circuit in Figure 1.
is:
∆

𝑧 𝑧 𝑧

𝑧 𝑧 𝑧

𝑧 𝑧 𝑧

𝑧 𝑧 𝑧

𝑧 𝑧 𝑧
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𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧 .

𝑧 𝑧 𝑧
𝑧 𝑧 𝑧

𝑧 𝑧 𝑧
𝑧 𝑧 𝑧

𝑧 𝑧 𝑧
𝑧 𝑧 𝑧

𝑧 𝑧 𝑧
𝑧 𝑧 𝑧

Table 2. Multipliers for calculating current i2 due to
current sources

(9)

Loop
superposition
Current
Total
Summands of the current
superposition current
through the
resistance 𝒛𝟐

1. Perform the calculation of current 𝐼 due to
EMF sources.
Calculation algorithm:
 Select all the summands of the loop determinant
for which resistance 𝑧 is a factor, and remove
resistance 𝑧 : 𝑧 𝑧 , 𝑧 𝑧 , 𝑧 𝑧 , 𝑧 𝑧 , 𝑧 𝑧 , 𝑧 𝑧 ,
𝑧 𝑧 ,𝑧 𝑧 .
 Find all the unique and common loops in the
circuit and group all the terms for common loops
(Table 1.).
 Find the total EMF for all the found loops (Table
1.).
Table 1. Multipliers for calculating current i2 due to EMF
sources
Loop type Total EMF

𝑧 𝑧 𝑧

𝑧 , 𝑧 , 𝑧 – yes

unique

𝑧 𝑧 𝑧

𝑧 , 𝑧 , 𝑧 – yes

unique

𝐽

𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧

𝑧 , 𝑧 – yes
𝑧 , 𝑧 , 𝑧 – no

common

0

𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧

𝑧 , 𝑧 – yes
𝑧 , 𝑧 , 𝑧 – no

common

𝐽

𝐽

𝐽

According to formula (6), current 𝐼 due to the
current sources is equal to:

Summands

Loop

𝑧 𝑧

𝑧 𝑧 𝑧 𝑧

unique

𝐸

𝐸

𝐼

𝑧 𝑧

𝑧 𝑧 𝑧 𝑧

unique

𝐸

𝐸

𝑧 𝑧 ,𝑧 𝑧 ,𝑧 𝑧

𝑧 𝑧 𝑧

common

𝐸

3. Perform the calculation of voltage 𝑈 due to
EMF sources.
Calculation algorithm:

𝑧 𝑧 ,𝑧 𝑧 ,𝑧 𝑧

𝑧 𝑧 𝑧

common

𝐸

According to formula (5), current 𝐼 due to EMF
sources is equal to:
𝐼
∆

 Find all the unique and common paths in the
circuit and group all the summands for common
paths (Table 3.).
 Find the total EMF for all the paths found (Table
3.).

(10)

2. Perform the calculation of current 𝐼 due to
current sources.
Calculation algorithm:
 Select all the summands of the loop determinant
for which resistance 𝑧 is not a factor:
𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧
 Find all the unique and common superposition
loops in the circuit and group all the summands for
the common superposition loops (Table 2.).
 Find the total superposition currents (Table 2.).

TEM Journal – Volume 11 / Number 1 / 2022.

(11)

∆

Table 3. Multipliers for calculating voltage u2 due to emf
sources
Path

Summands

Path
type

Total
EMF

𝑧 𝑧 𝑧

𝑧 𝑧 𝑧

unique

𝐸

𝑧 𝑧 𝑧

𝑧 𝑧 𝑧

unique

𝐸

𝑧 𝑧

𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧

common

0

𝑧 𝑧

𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧

common

𝑧

𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 , 𝑧 𝑧 𝑧 , 𝑧 𝑧 𝑧 , common
𝑧 𝑧 𝑧 ,𝑧 𝑧 𝑧

𝐸

𝐸
𝐸
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According to formula (7), voltage 𝑈 due to EMF
sources is equal to:
𝑈
𝑧 𝑧 𝑧

𝑧 𝑧 𝑧 𝐸
𝑧 𝑧 𝑧 𝐸
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧 0
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧 𝐸
𝐸
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧 𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧 𝐸 /∆

(12)
4. Perform the calculation of voltage 𝑈 due to
current sources.
Calculation algorithm:


Find all the unique and common paths in the
circuit and group all the summands for common
paths (Tab. 4.).
Find the total voltage due to the current sources
for all the paths found (Table 4.).
According to formula (8), voltage 𝑈 due to
current sources is equal to:




𝑈
𝑧 𝑧 𝑧

𝑧 𝑧 𝑧 𝑧 𝐽
𝑧 𝐽
𝑧 𝑧 𝑧
𝑧𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧 0 𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧 𝑧 𝑧 𝑧
𝑧 𝑧 𝑧

𝑧 𝑧 𝑧 𝑧 𝐽
𝑧 𝐽
𝑧 𝑧 𝑧
𝑧 𝑧 𝑧 0 /∆

(13)
Table 4. Multipliers for calculating voltage 𝑈 due to
current sources
Path

Summands

Path type

𝑧 𝑧 𝑧

𝑧 𝑧 𝑧

unique

𝑧 𝑧 𝑧

𝑧 𝑧 𝑧

unique

𝑧 𝑧

𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧

common

𝑧 𝐽

𝑧 𝑧

𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧

common

0

𝑧

𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧 ,
𝑧 𝑧 𝑧

common

0
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Total EMF
𝑧 𝐽

𝑧 𝐽
𝑧 𝐽

4. Conclusion
The paper proves the theorems and formulas of the
fast Kirchhoff method on the basis of resistances.
Using this method, we can get expressions of
currents and voltages in an electric circuit directly
from the circuit and the loop determinant. In contrast
to methods based on Kirchhoff's laws [17, 18], this
approach does not require solving systems of linear
equations. In the Fast Kirchhoff method, we do not
need to perform duplicate operations, as in the
Kirchhoff-Zakharov method for finding the total
EMF of the circuit, the total superposition current,
the total EMF, or the total path voltage, which
significantly reduces the number of operations when
calculating currents and voltages in the electrical
circuit. This is evident from the calculation of current
and voltages in the circuit (Figure 1.):
When calculating the current due to sources of
EMF using the Kirchhoff-Zakharov method, requires
8 times to search the sum of all the EMF in the
circuit, and in the Fast Kirchhoff method this
operation had to be only 4 times and take the
components of the loop of the determinant for which
the Theorem 1 holds.
When calculating the current due to current sources
using the Kirchhoff-Zakharov method, we need to
search for the total current superposition 8 times, and
in the Fast Kirchhoff method, we need to perform
this operation only 4 times and take the summands of
the loop determinant for which the Theorem 2 holds.
When calculating the voltage by the KirchhoffZakharov method, it takes 16 times to search for the
sum of all EMF or path voltages in the circuit, and in
the Fast Kirchhoff method, this operation only
needed to be performed 5 times and take the
summands of the loop determinant for which the
Theorem 3 or the Theorem 4 holds.
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