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Abstract: Circuits with switched current are described by an admittance matrix and seeking current transfers then means calculating
the ratio of algebraic supplements of this matrix. As there are also graph methods of circuit analysis in addition to algebraic methods, it
is clearly possible in theory to carry out an analysis of the whole switched circuit in two-phase switching exclusively by the graph
method as well. For this purpose it is possible to plot a Mason graph of a circuit, use transformation graphs to reduce Mason graphs for
all the four phases of switching, and then plot a summary graph from the transformed graphs obtained this way. First the author draws
nodes and possible branches, obtained by transformation graphs for transfers of EE (even-even) and OO (odd-odd) phases. In the next
step, branches obtained by transformation graphs for EO and OE phase are drawn between these nodes, while their resulting transfer is

multiplied by . 2. This summary graph is extended by two branches from input node and to output node, the extended graph can then be
interpreted by the Mason’s relation to provide transparent current transfers. Therefore it is not necessary to compose a sum admittance
matrix and to express this consequently in numbers, and so it is possible to reach the final result in a graphical way.
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1. Introduction construction of the summary MC-graph based on
transformation graphs, which contained all four phases;
section 4 gives general rules for summary MC-graph
construction; section 5 describes calculation of the
transmissions of the currents from the extended
summary MC-graph; section 6 gives example of a
full-graph solution of the circuit by the described
method of a summary MC-graph constructed on the
transformation graphs; results are in a symbolic form;
section 7 gives conclusions.

Circuits with switched currents are described by an
admittance matrix and seeking current transfers then
means calculating the ratio of algebraic supplements of
this matrix [1]. As there are also graph methods of
circuit analysis in addition to algebraic methods [2], it
is clearly possible in theory to carry out an analysis of
the whole switched circuit in two-phase switching
exclusively by the graph method as well.

In this paper, this method will be demonstrated in the
example. The summa MC-graph is constructed using 2. Construction of the Transformation
transformation graphs in two-phase switching. Graph Graph
methods give results in a symbolic form by the
Mason’s relation [3], which makes it possible to use
them to find general relations, too.

Switching phases are marked as odd and even not 1 i
and 2, the nodes are numbered. 2

The paper is organized as follows: Section 2 '
describes construction of the transformation graph of
the switch and its evaluation; section 3 presents

The circuit with a switch whose circuit diagram is in
Fig. 1 can be described by the nodal method [4] to an
equation system (1).

I, = Y1-Vil'+y3-(\7£_\72~) (1)
=Y,V, +Y;.(V, -V,)

After switching nodes 1 and 2 are connected, as
shown in Fig. 2, and the circuit diagram can be
described by the nodal voltage method [5] by Eqg. (2).
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Fig. 1 Schematic diagram smplest of the circuit with a
switch.

Fig. 2 Schematic diagram after switching.

Closing the switch is manifested by connecting
nodes 1 and 2, and thus by uniting the voltages \71 and
\72, which is described by the set of Egs. (3) after
rewriting (4), where V isthe resulting voltage.

V, =V
G oy (3)
=

Secondly current |
Eq. (4):

is described by the following

=1, +1, (4)
Thesystemof Egs. (3) and (4) can berewritteninthe
following transformation of Egs. (5):

v, =1V )
| =10, +1.0,

This set of transformation Egs. (5) can be
represented graphically as a voltage transformation
graph and a current transformation graph [6], thus the
transformation graph (T-graph), asitisshowninFig. 3.
The branches of the transformation graph with the
transfers of voltage are marked as — and those of
currentas — .

The agorithm of the evaluation of the
transformation graph will be explained by comparing
MC-graphs before and after transformation as it is
shown in Fig. 4, where the MC-graph of the set of
equations before transformation (1) is at the top and the

MC-graph of the Eqg. (2) after transformation
(transformed graph) is at the bottom.

Since the set of Egs. (5) can be rewritten in the
following general form T =yV, | =yV, | =a,.l
and V=aV , then it will  hold

| =a,l =a,.JV =a,.¥a,V = yV . Theadmittancein

the resulting node relation

a,.ya, =y, generaly
a.yaa=y (6)
Eq. (6) can be represented graphically, asit is shown
inFig. 5.
Aswe can seg, to eliminatethevariable y, fromthe
resulting relationship ¥, * Y., the coefficient a must
be negative. Thus the general relation a,.ya,a =y

will be
(1y,.11+1y,.1.7)+(1y,.1.1+1.y,1.])

+1-y3'1-(' 1) +1-y3'1-(' 1) =Y. tY, (7)
where a, =1, a, =1. As the branch of the original
M C-graph convertsto theinherent loop in the resulting
transformed graph, the coefficient g =-1.

is given by the

1. 2.

1.=2.
Fig. 3 Transformation graph of the switch.

1: 2:
Yt Y,

YitYs

MC-graph

Transformation graph

Transformed graph

Yity,
Fig. 4 Evaluation of thetransformation graph.
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Fig. 5 Graph of the Eq. (6).

3. Summary MC-graph Construction Based
on Transformation Graph

The circuit with switched currents whose circuit
diagram is in Fig. 6 can be described by the nodal
method by the equation system (8).

Le(t) = +y® Ve (1) - Ve (t)] +y® -(Vlo - Vzo)
e () =- y(l') Ve (1) - Ve (t)] - y(z.) -(Vlo - Vzo) (8
Lo ®) =+Y® (Ve - Vae) + ¥ @ Voo () - Voo ()]
20 (t)=- y(l')'(le - VZE) - y(z')'vlo (t) - Vao (t)]

This system of Egs. (8) can be rewritten in the
following form (9):

Le () =+ Ve (0) - Y Vo )+ YP Vo - Y Vo0
Le () =- Y Ve 0+ YD Ve (1) - Y& Vo + Y Vg (9)
Lo () =+Y™ Vi - Y& Vo + Y2V (1) - YPVo0(t)
Lo® == YV + YO Ve - YOV (1) + Y V0 ()

If the difference between the even phase and the
odd phase is expressed by means of the

Z-transformation by multiplying by the z-% operator,

it isthen possibleto rewrite the equation system (9) to
the form (10).

1 1
le = +y(1.)le - y(l')'sz tz 2y(z')'vlo -z 2y(z')'vzo
1 1
loe =- y(l') Vie + y(l') Ve - Z zy(Z) Vo +2 zy(Z») Voo (10)
1 1
lo =42 Zy(l') Vi - 2 Zy(l') Ve + y(z,) Vi - y(z')vzo
1 1
|20 =-7 Zy(l») 'V1E +7 zy(l») 'V2E _ y(Z») 'Vlo + y(Z») 'Vzo
The equation system (10) can be written e.g. in the
following generally form (11), where admittance are

generally marked y; .
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1 1
0= +Y11-V1E - Y12-V2E tz 23’13-\/10 -z 23’14-\/20
1 1
0=- y21'V1E + y22'V2E - Z-Eyzs'vlo + Z-Eyzrvzo (11)
1 1
0= +Z-EY31-V1E - Z-EY32-V2E + Y33-V10 - Y34V20

1 1

0=- Z-§y41'\/1E + Z-§y42'\/2E - y43'V10 + y44'V20

E VlE - V2E
E—

o

y(lk)-(le - VZE)

D) S (2
izalt

y® (Vo - Vio)

—o |

@) V10 - Vzo
—

Fig. 6 Schematic diagram of a switched current circuit.

If the first constituent is expressed from first
equation and the second constituent from the second,
etc., the Egs. (11) will get the form (12).

A 1
yll '\/1E = y12 '\/ZE -z 2y13 'V10 +z 2y14 '\/20

1

A A
Yo Vo = Yu Vi +2 2y23 Vi - Z 2y24 Voo (12)

1 1
—_52 2

YasVio =-Z 2YgVie +Z 2Y5p Ve + Y3 Vo
1 1

YarVao =42 2YyuVie - 2 2Y, Voe + Yo Vio
Two parts of this Egs. (12), which are (13)
YuVie = Yo Voe  YasVio = YauVio
Yoo Voe = Yo Vig Yar Voo = YasVio
can be demonstrated by MC-graphs. The construction
of corresponding MC-graphs is following: The first
congtituent is expressed from each first equation and
the second constituent from the second ones. Graph
interpretation of Egs. (13) for e.g. the last equation is
that the constituent vy, V.., represented by the voltage
of the 20 node multiplied by the coefficient Y4
(which means that the 20 node’s own loop has the
transfer y,,), is given by the constituent y,,V,, i.e,
by the addition of y,, fromthe 10 node (thereforethe
branch going from the 10 node to the 20 node has the
transfer Y43).

(13)
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Described construction isshownin Fig. 7.

EE 00
/—/H /—/H
1E Yo 2E 10 Ya 20

Fig. 7 MC-graph for the same phase.

The principle of superposition implies that the total
effect is given by the sum of effects; hence we have to
add to the graph the remaining effect, described by the
set of Egs. (14).

1 1
YiuVie =-Z ?Y3 Vi +Z 2y, Vyo
1 21
Yo 'V2E =+z 2y23'V1 -z 2y24'V20 (14)
1 1
YasVio =-Z Yy Vg +Z 2y Ve
1 1

Yaa Voo = +Z-Ey41-V1E - Z-Ey42 Ve

Next, from e.g. the last equation in the system (14),
the form (15) will thus be obtained.

1 1

y44 '\/20 = Z- 2 y41'\/1E - Z-E y42 '\/ZE + y43 '\/10

é .1 L u
= y43'V10 +(_:Z_‘Z 2y41'V1E -z 2y42'\/2Eg(15)
e u

However thefirst congtituent y,,V,, of theEqg. (15)

has already been demonstrated by thegraphinFig. 7 as
it is the last equation from the system (13). The
principle of superpositionimpliesthat the total effectis
given by the sum of effects; hence we haveto add tothe

graph the remaining effect given in this case by the
1

1
relation 5 2y Ny - 2 2y, V,e which indicates in

c-
general the addition of the remaining elements. The

graph representation of the second constituent
1 1

22y, V, - 22y, V,. -6, Eq.(16) isthenfollowing:

1 1

YNV = +Z-Ey41-V1E - Z-Ey42-V2E (16)

The left side of the eguation, i.e.,, the congtituent

Y Voo, represents the voltage of node 20 (i.e, the
voltage of the second nodeinthe odd phase of V), with
theownloop of thenode 20 withthetransfer Y,,. This

condtituent y,, .V, is given by the sum of constituents
1

z 2y, V,. » representing the addition of Z'%.yu from
the node Ve , which means that the branch going from

the node 1E to the node 20 has the transition Z_%YM'

1

Further it is given by the constituent - z 2y, v, ,

1
representing theadditionof - z 2y, fromthenodeV,,
which means that the branch going from the node 2E to
1

the node 20 hasthetransition- 7z 2 Yo

The above described facts are illustrated by the
graphinFig. 8.

4. Rulesfor Summary Graph Construction

Rules for summary graph construction can now be
easily formulated by generalizing the construction
described in the previous paragraph this way:

First we draw the nodes’ own loops (and branches
when applicable) asthe results from the transformation
graph for the even phase (EE) and the own loops (and
branches when applicable) as the results from the

transformation graph for the odd phase (OO);
Between thus obtained nodes and branches, we will

consequently draw branches as the results from the
transformation graph for the opposite phase, whose
transfer obtained by evaluating the transformation
2 if the
branch connects nodes of the same name and by the

graph is multiplied by the coefficient

1
coefficient ;"2 inother cases.

Thus the graph representation of the Egs. (14) isin
Fig. 9.

5. Calculation of the Transmissions from the
Summary Graph

Description by the nodal method leads to an equation
system, which can have the following form, for
instance (17):
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L= yuV+YpV, (17)
L, =yaV ty,Y,
This system can be rewritten as (18)
YuV; =1l -y, N, (18)
Y2V, =1l - ¥V,
and illustrated by an MC-graph, whichisshown in Fig.
10.
For the calculation of the current transfer it is
necessary to modify the graph.
Output current is described by the equation
I, =Y, V,, Whichcanberewrittenas 1., =y,,Vv, and
illustrated by an MC-graph, whichis shownin Fig. 11.

Fig. 9 MC-graph set of Eqgs. (14).

Vi

@ " Ya

Fig. 10 Graph of the set of Egs. (18).

s

)

\V, . I,

Fig. 11 MC-graph of the equation 1.1,=y2,.V;,

The current transfers will now be obtained from an
extended graph, i.e., the graph must be extended to two
branchesasitisshowninFig. 12. Thefirst branch from
the input node I,np to the node 1E with transfer 1 and
the second branch from the node 2E to the node | oy,
the transfer is equal to the transmission of its own loop
at the output node.

The summary graph is then evaluated by means of

o
| a pPy-Dy
. T = —our_ — [(ORadO]
the Mason’srule e V-8 S®Oyv® -

; : lour -

SR

O O 0
) % () (Y

Fig. 12 Extended MC-graph of the Sl circuit from the

solution.

6. Example of Full-Graph Solution

A solution of a circuit by the described method of a
summary MC-graph constructed on the transformation
graph will be shown by solving a circuit with three
field effect transistors and two capacitors [3], whose
wiring diagramisin Fig. 13.

The field effect transistor is described by the

equation |, =y, V, +V,,YV, ,thisequation can be

Fig. 13 Schematic diagram of the Sl circuit for the example.
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rewritteninthefollowing form y,,V, =-vy, V, +1,
if 1, =0 then y,,Vy =-y, Vg

The graph representation of this equation isin Fig.
14. Theleft side of theequation y,, V¢ representsthe

Ds
ownloop of thenode D withthetransfery,,, theright
side branch going from the node G to the node D
hasthetransition vy, .

The circuit in Fig. 13 has four nodes; therefore the
dtarting graph of the circuit in Fig. 15 has also four nodes.
Drain D of thetransistor T, is connected to the node
1, gate G to the node 2. Therefore, the transistor T; is
represented by the branch - y$; from node 2 to node
1 and itsinherent loop yzz at thefirst node. Drain D

G: - Ya D:
o———p—O

<

= @ ® @

W 4 y@ @)
Y *Y. Y22

Tw e

Fig. 14 MC-graph of the FET.

“ v @ ® @

@ 4 @ @
Y t ¥z Y22

N -y ()

s
Fig. 15 Transformation graphsfor EE, OO, EO and OE phases.

of thetransistor T, is connected to the node 1, gate G to
the node 3. Therefore, the transistor T, is represented
by the branch - y{*) from node 3 to node 1 and its

inherent loop y{2) at the first node. Drain D of the

transistor T3 is connected to the node 4, gate G to the
node 3. Therefore, the transistor T3 is represented by
the branch - y{*) from node 3 to node 4 and its

inherent loop y$>) at the fourth node.

The branch between the nodes 3 and 1 with the
transfer - y{*) is transformed to the inherent loop with
the transfer y{»)

now a =- 1, asthebranch of theoriginal graph converts
to the inherent loop in the resulting transformed graph.
The inherent loop with the transfer y&) +y(2 is

, because inthe relation a,.y.a,a =y

transformed to the inherent loop, too. Because now
a =1, the transfer is y$) +y2), too. Therefore, the

22 7
resulting transfer of its inherent loop s
y5 +ys + y(z)

C'w @ & ®
y% + vy ys
O w0
-y
V% +yS + vy v
EO
w @ &
v + v ys
- V8 v (7))
-y
yer
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Fig. 16 Thesummary extended M C-graph.

The summary MC-graph obtained from the partia
transformed graphs from Fig. 15 by the above
described procedure is then shownin Fig. 16. First the
results of the transformed graphs for EE and OO phases

are plotted as nodes with the inherent loops with
transfersy5) + v + v, vy v + v + e and
y$) and one branch with transfer - y&3.

In the next step, the results of the transformed graph

for the OE and EO phases multiplied by z-% arethen

drawn between these nodes as branches, i.e., the branch
1

with the transfer z 2(- y&’) between the nodes 1E

1

(1) (2) 2)
Yo t Y2 * Y§1 L

1
"2 (3)
z2(-y,

2

L) 4 \2) 4y
y22 +y22 +y21

between the nodes 1E and 10, and the branch with the
1

transfer - z 2y{" between the nodes 10 and 2E.

| . .
Thecurrent transfer —2& will now be obtained from
1E

an extended graph, i.e., a graph must be extended to
two branches: the first branch from the input node Iinp
(1, =1,) to the node 1E with transfer 1 and the

second branch from the node 2E to the node loyt.
). The transfer is equal to the transmission

( I 4E IOUT
of its own loop at the output node 2E, i.e, y. The
summary MC-graph is now evaluated by means of the

Mason’s rule, the current transfer lae isEg. (19).

and 20, the branch with the transfer _ Z'Eym
21 1E
lour _lee . @A PyDy _
line e V- é. SR

1- v3) ¥er (20 + Yoo + ¥5r')Yay _

1 1

1) (2) (2)y4,3) (@) (2) 1)y (3) T2y(2) 57 2L ,3),(3)
(V' + Y22 + Yo' )Wo' (Yoo + ¥22" + Y2 ) Va2 = Z 2Y21 Z 2Ya1 Y22 Yoo

W05 15 )

08+ +N5 H2 +)- BN o

7. Conclusions

There is described the theory of full graph solution
of switched currents circuits in two phase switching.
Thetheory isillustrated by an example solved, whichis
commented on in detail.

Asshown, the solution is possible without the matrix

calculus, only by graph method. Thanks to its clarity,
the graphic method is extremely suitable even for
understanding of these networks. A clearly arranged set
of transformation graphs derived for different types of
switching circuits can be used for analyzing switched
networks and of course for understanding them, too.
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The M-C signal flow graphs can be used to analyze
periodically switched linear circuits, too.

Graph methods give results in a symbolic form,
which makes them possible to use to find general
relations.

This full graph method can be used for solving SC
circuits after its modification.
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