
 

 

  
Abstract—This paper deals with solving electronics circuits by 

method of the transformation graphs only. As described, the Mason´s 
formula for calculation of the result can be left out in selected cases, 
and the theory of the  transformation graphs is quite sufficient for the 
whole full graph solving selected simply circuits with the switched 
capacitors, too. 
 

Keywords— Transformation graph, Mason´s formula, MC-graph, 
resulting graph, algebraic minors. 

I. INTRODUCTION 

HE transformation graphs are used for construction final 
graph to solving electronics circuits and final graph is 
calculated by Mason´s formula. It means this method is 

combination graph and numerical methods, booth. But solving 
is possible by graphs only in selected circuits, as is described 
follows. 

II.  PRINCIP OF THE METHOD 

One of the method possibilities how to calculate a matrix 
determinant is repeated application of (1) 
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until the order of the matrix decreases generally from the n-th 
order to the second order, i.e. to the form (2)  

2221
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as is shown in [5]. From this matrix, the voltage transfer is 
then calculated by the algebraic complements method as a 
ratio (3) 
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 where 
212:1 y−=∆  and 

221:1 y=∆ . The matrix is thus reduced 

up to a dot matrix with a single component. This reduction can 
be described by means of incidence matrices, for the 
component 

212:1 y−=∆ in the following way, as is shown in 

Fig1. 
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Fig.1 reduction for the component 
212:1 y−=∆  

 

Reduction for the component 
221:1 y=∆  is shown in Fig.2. 
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Fig.2 reduction for the component 221:1 y=∆  
 

The reduction of the matrix can be represented by the 
transformation graph [2]. 

The above described reduction to a dot matrix can also be 
carried out by a transformation graph, when a complete MC-
graph [4] showing a second-order matrix is reduced to its own 
loop corresponding with a dot matrix. The transfer of the 
branches of the transformation graph is then given by the 
components of the incidence matrices for the component 

212:1 y−=∆  like this, as is shown in Fig.3, where  is 

transfer of the current and transfer of the voltage. 
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Fig.3 graph of the reduction 

212:1 y−=∆  
 

Another possibility how to plot this transformation graph is 
directly breaking down the relation for an algebraic comment. 
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For example for the complement 2:1∆  it holds that (4) 

02:012:1 >>∆=∆          (4) 

which is interpreted as row one is going to zero and column 
two too, which can be interpreted for the matrix transcription 
of complements as leaving out the first row and the second 
column. However, since in an admittance (5) matrix rows 
correspond to currents I  and columns to voltages V , 
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according to the relation 02:012:1 >>∆=∆  thus leaving out the 

first row in the matrix is represented by leaving out the branch 
with the current transfer to the first node in the transformation 
graph and leaving out the second column in the matrix is 
equivalent to leaving out the branch with the voltage transfer 
from the second node in the transformation graph. 

Then for the complement 
1:1∆  it holds (6) 

01:011:1 >>∆=∆
          (6) 

which in matrix transcription means leaving out the first row 
and the first column in the matrix, and this can be interpreted 
as leaving out the branch with both the current and voltage 
transfer to the first node in the transformation graph,  so there 
is only the branch to the second node left. Thus the 
transformation graph representing the relation 

01:011:1 >>∆=∆  is 

shown in following Fig.4. 
In such cases, this construction can spare us from the 

necessity to use the Mason’s rule for evaluating the resulting 
graph; the graph construction is actually a graphic 
representation of multiple algebraic components. 
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Fig.4 graph of the reduction 

221:1 y=∆  
 

In such cases, this construction can spare us from the 
necessity to use the Mason’s rule for evaluating the resulting 
graph; the graph construction is actually a graphic 
representation of multiple algebraic components. 
 

III.  EVALUATION OF THE TRANSFORMATION GRAPH 

Rules for evaluation of the transformation graph described 
in [1], [6], [8] is very simply: 

The admittance after transformation is given by the relation 

IV aYaY .
~

.=          (7) 
where Va  is transfer of the voltage branch, Ia  is transfer of 
the current branch and α  can be 1± . If the branch is 
transformed to the branch or the loop to the loop, then 1+=α , 
if the loop is transformed to the branch or the branch is 
transformed to the loop, then 1−=α . 
 Described evaluation is shown in Fig.5, for 1−=α  on the 
top and for 1+=α  at the bottom. 
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Fig.5 rules for evaluation of the transformation graphs 

IV. EXAMPLE 

In the course of the very circuit solution, e.g. for a circuit of 
an inverting summator with a schematic diagram in Fig.6 an 
MC-graph is drawn in Fig.7 on the top. 
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Fig.6 circuit diagram to the example 
 

We are considering the change of amplification of the 
operational amplifier, the transformation graph of the 
operation amplifier with the break-point frequencies 

Tω , 2ω  

[1], [6] is shown in Fig.8. 
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Fig.7 graph solving circuit from Fig.6 
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Fig.9 graphical solution of the circuit from Fig.6 by a simplified MC-graph, transformed graph is left 
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Fig.8 transformation graph of the operational amplifier with 
break point frequencies 

 

Into this graph, we draw a transformation graph of the 
operational amplifier including the change of its amplification 
in an open loop. As a result, we get the transformed graph in 
the middle. From this transformed graph, the resulting graph 
drawn at the bottom is plotted by means of another 
transformation graph. 

This graph construction is actually a graphic representation 
of the algebraic components [3], in this case double ones. The 
output voltage is then directly given by the relation (8), where 

ωjs =  and ω  is frequency where is transfer calculated. 
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For the solution itself it is not necessary to plot the original 
MC graph in detail. Its construction can be just implied in a 
simplified way [6] as shown in Fig.9, where is left transformed 
graph, too. 

V. VERIFICATION 

To compare, we will bring forward a solution of the same 
inverting summator by a commonly used modified nodal 
method [9]: as the circuit contains four nodes and one 
operational amplifier, the hybrid matrix describing the circuit 
will have four rows and columns plus one added row and 
column of the operational amplifier stamp, so it will look this 
way: 

For the calculation, the method of linear superposition will 
be used, when the voltage 4V  is given by the contribution by 

the voltage 1V  with a zero voltage 2V  (i.e. with a grounded 

node 2) with the value of )1(
4V , for which with the use of the 

multiple signed minors method, for example in [1], [5], [6] it 
holds that (9) 

2,1:2,1

2,4:2,1
1

)1(
4 .

∆
∆

= VV           (9) 

when the grounded node 2 corresponds to omitting the 2nd row 
and the 2nd column in the hybrid matrix, and by the 
contribution by the voltage 

2V  with a zero voltage 
1V  (i.e. with 

a grounded node 1) with the value of )2(
4V , for which with the 

use of the multiple signed minors method it holds that (10) 

1,2:1,2

1,4:1,2
2

)2(
4 .

∆
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= VV           (10) 

when the grounded node 1 corresponds to omitting the 1st row 
and the 1st column in the hybrid matrix, so the resulting 
voltage 

4V  is given as (11) after numeration by an expansion 

along the item of the last column i.e. identical with the result 
obtained by the transformation graph method. 

=
∆
∆

+
∆
∆

=
1,2:1,2

1,4:1,2
2

2,1:2,1

2,4:2,1
14 .. VVV

 

=
∆

−∆+−∆
=

2,1:2,1

2
1,4:1,22

1
2,4:2,11 )1.(.)1.(. VV

 

=

−

−
++

−

−
−++

−

++
−

−
++−

+

+−

++
−

−
++−

−

=

0

2

2

33

3321

2

2

2

3

3211

2

1

2

2

3

3211

1

)1.(

01.
.

1

0

)1.(

0.
.

0

10

0

.

)1.(

0.
.

0

10

0

.

ssA

A
GG

GGGG

ssA

A
G

GGGG

V

ssA

A
G

GGGG

V

T

T

T

T

T

T

ω
ω

ω
ω

ω
ω

ω
ω

ω
ω

ω
ω

 

 

).(
.

.

.

321
2

2
3

2211

GGG
A

sAs
G

GVGV

T

T ++
++

+

+−=

ω
ω

ω
ω   (11) 

 

The member 
T

T

A

sAs

ω
ω

ω
ω

.
.

2

2 ++  in (7) and (11) concerning 

break point frequencies on the amplification characteristics. 

VI.  THE USE FOR SOLVING SIMPLE SWITCHED CAPACITOR 

CIRCUITS 

A. Solving by the Method of Equivalent Resistors  

The method of equivalent resistors described for instance in 
[9] is the simplest method of solving SC circuits and it consists 
in replacing a switched capacitor by an equivalent resistor, 
whose resistance value issues from the relations between the 
charge and the voltage UCQ .=  and from the definition 

relation for the current 
T

Q
I = . After substituting the first 

relation into the second one, we get an equation UCTI .. =  
from which the ratio between voltage and current can be 
expressed by (12) 

C

T

I

U
R ==          (12) 

which is just the value of the resistanceR , which is equivalent 
to the capacitor C  switched with the period T . The 
disadvantage of this method is that it does not concern the so 
called periodicity of discrete circuits’ characteristics. 

The use of the above described method of evaluating a 
graph with two nodes when solving SC circuits by the method 
of equivalent resistances will be illustrated in the following 
example of the simply CMOS switched integrator [7]. 
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Fig.10 circuit diagram to the example 
 

When solving the circuit whose diagram is shown by Fig.10 
by the method of equivalent resistances, the switched capacitor 
is first replaced by an equivalent resistor with the conductance 

1.CfS
, by which we get the diagram in Fig.11. 
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Fig.11 circuit diagram from Fig.10 after replacing the switched 
capacitor with a equivalent resistor 
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Fig.12 Graphical solution of the circuit from Fig.10 
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Fig.13 graphical solution of the circuit from Fig.9 by a simplified MC-graph 
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For this diagram, we draw the MC-graph which is in Fig.12 
at the top. 

In the next step, a transformation graph of an operational 
amplifier is drawn into this graph. The transformation graph 
can also include the influence of its varying amplification and 
frequency. 

The result is the transformation graph in Fig.12 in the 
middle. Finally, by drawing in the second transformation graph 
described in paragraph 1 we get the resulting graph with two 
terms, the first of which indicates the numerator and the other 
the denominator of voltage transfer. 

Then the voltage transfer of the solved circuit is given by 
the formula (13) 
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where in the numerator there is the first resulting graph and in 
the denominator the other one. 

For the solution itself it is not necessary to plot the original 
MC graph in detail. Its construction can be just implied in a 
simplified way [6] as shown in Fig.13, where is left 
transformed graph, too. 

B. Verification 

We will bring forward a solution of the same circuit from 
Fig.10 by used modified nodal method: 
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C. Solving by a Method of Z-Transformations 

In [8] the construction of a transformation graph switched 
by capacity (i.e. by capacity including the switch) is described. 
This graph is shown in Fig.13. 

This graph makes it possible to solve the circuit from Fig.10 
by means of z-transformation, but without distinguishing the 

phases of switching. By adding another transformation graph 
described in chapter II. into the transformation graph of the 
switch and operational amplifier, we can consequently obtain 
the resulting relation, as shown in Fig.14. 
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Fig.13 transformation graph switched by capacity 
 

Thus the resulting transfer will be (15).. 
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where ).exp( 1−= Sfjz ω  and 
Sf  is sampling rate. 
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Fig.14 graphical solution of the circuit from Fig.10 
 

If the break point frequencies are considering, then graph is 
shown in Fig.15, resulting transfer in this case will be (16). 

1C

2C11

1
−− z

1−− z1

1

1

1

1

1− 1

1

1

11
1 .

1

1
. C

z
z −

−

−

Transformation
 graph of the

switch

Another
transformation

 graph

Transformation
 graph of the
operational

amplifier
2

2.
. ω

ω
ω

ω s

A

sA

T

T ++−

2
2

2
2 .

.
. C

s

A

sA
C

T

T −++−
ω

ω
ω

ω

 
Fig.15 solution of the circuit with break point frequencies 
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The described method seems to be suitable for graph 
solution of simple circuits with the switched capacitors 
described by the z-transformation, too. 

Solution by described methods another (but rather difficult) 
circuits will be forward. Analyzed circuit diagram, contained 
two capacitors 2C , 4C , two switched capacitors 1C , 

3C  and 

operation amplifier is shown in Fig.16. 

C2

C1

1.

2.
3.

4.

O

+

_

V1 V5

E
5.

OE

C3

C4

 
Fig.16 circuit diagram to the example another circuits 
 

We draw the MC-graph which is in Fig.17 at the top, where 
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Fig.17 graphical solution of the circuit from Fig. 
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Fig.18 graphical solution of the circuit from Fig.16 

 

 
the branch of the capacitor 

3C  go back, because transfer of the 

signal by the capacitor 
3C  is from node 5 (where is output of 

the operational amplifier) to node 3 (where is input of this 
amplifier). 

Then the voltage transfer from Fig.17 of the solved circuit is 
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given by the following formula (17). 
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If the break point frequencies are considering, then 
correspondent graph is shown in Fig.18, resulting transfer in 
this case will be (18). 
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 (18) 

 As we can see, some circuits contained switched capacitors 
without distinguishing the phases of switching, operational 
amplifier with break point frequency can be solved by 
described full graph method, too. Construction of this graph is 
very simply. 

VII.  CONCLUSION 

The Mason´s formula for calculation of the result can be left 
out in selected cases, and the theory of the transformation 
graphs is quite sufficient for the whole solving. If the Mason´s 
formula is used for evaluation of the final graph, then 
transformed graph is necessary. In described method, Mason´s 
formula is replaced by another transformation graph from 
chapter II. therefore transformed graph can be left. As is 
shown, the solving by described method is in one step reduced 
this way. 

Thanks to its clarity, the graphic method gives well arranged 
look to analyzed circuit with switched capacitors and 
operational amplifier, too. 

The described method seems to be suitable for graph 
solution of simple circuits when the application of Mason´s 
rule is not required. 
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