Method of loop currents

To solve a circuit using the method of loop currents we take the following steps:

1. We check whether the circuit contains current sources. If so, the loop currents are chosen so that
only one loop current passes through the branch with the current source. Its value will be equal to
the value of the current source, if the two currents (loop crt. and the one through the source) have
the same direction, or it will be equal to minus the value of the current source, if the two currents
do not have the same direction.
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2. The system of equations corresponding to the method is formed. It contains a number of equations
equal to the number of loop currents (the number of independent loops of the circuit). Since the
loop current through the current source (if any) is known, the equation corresponding to this
current (this loop) is no longer necessary, the system of equations formed will therefore have one
less equation.

The system of equations specific to the method, in which the right-hand member represents the sum of the
electromotive voltage sources belonging to the respective loop (the sign of the source can be + or -,
depending on its meaning with respect to the meaning of the chosen loop current) is:

Ji Zint o Zint+ ot o Zin Zﬁl
L Zo+ly T+t Ton = ) B

i Zun o Zup o+ T = ) E
When determining the impedances that occur in the system, the following algebraic rules are taken into
account:
To determine the self impedance of the loop k:
Zy= 2, Zp+ D, gpq2joly
le(k) Lpe(k)
Lqe(k)

0, ifthere are notwo mutually coupled coils in loop k;
Where  gpq- 1, if J, it has the same direction with respect to the marked
terminals of the coils Lp and Lg, belonging to the k loop;

-1, otherwise

Where ¢ represents all the branches that belong to loop k.



Joint impedance between loops k and j:

4y = Z gLy + Z Ny Jobm, Where
le(k) Lme(k)
le(i) Lne(l)

(1: if J, and J; have the same direction through the

commomn branch ¢ between k and j;
if there is no impedance on the common branch or there is
no common branch between the two loops;
=1, otherwise
1, if J, and J; have the same orientation with respect to the

Ol = 0,

Nki= marked terminals of the coils Ly, and Ly,

-1, otherwise;
0, if there are no mutually coupled coils in loops k and j
(1), (k) - represent any loops of the circuit, and ¢ their common branch.

It is noted that for both impedances Zw and Zy;, the second term of the sum that composes them is due to
the mutual magnetic couplings between the coils.

3. We solve the system of equations and compute the loop currents.

4. All the loop currents that run along the branch for which the current is calculated are added
together. The sign of the loop current is (+) if it runs along the branch in the same direction as the
branch current and (-) otherwise .

Example:

The circuit in the figure is considered, with the following numerical data: R1 = 2[Q], oL2 = 2[Q], ®L3 =

200, —1 = 1[Q], R4 = 1[Q] , oL5 = 1[Q], R6 = 1[Q], R7 = 1[Q], ©L35 = 1Q[], 10 = 20 — 10j [A] and

0l
E7 =20 + 10j[V].
a) To be solved by the cyclic current method.
b) To determine the current through the source E7 with the help of Thevenin's theorem.
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Solution:

1. We check if the circuit contains current sources. We select the loop currents so that a single loop
current passes through the branch with the current source. Its value will be equal to the value of
the current source: J5 = 10

2. The system of equations corresponding to the method is formed. It contains a number of
equations equal to the number of cyclic currents (the number of independent meshes of the
circuit). Since the loop current J5 is known, the 5th equation (corresponding to this current) is no
longer necessary, so the system of equations formed will be with 4 equations and 4 unknowns.

-2y +dy 2y + 3Ly + 3y Zyy 5215 =0
JyZoy+dyLyg+d3- Loz +y Loy +J5-Lys =Ey
Jy-Zay+Jy Ly +J3-Laz+dy Ly +J5- 235 =0
JyZyg+3yZyp I3 Zag+34-Zag 5245 =0
The impedance values for the circuit related to the problem are:
2, =Ry +jol, =2+2j[Q];
Z, =2y =R =-2[Q];
Z3=2Zy =0[Q];
Z,, =2, =0[Q];
Z,5=0[Q];

3
Zy =Zyy=—jols + jolgs =0[Q];

1 .

Zyp=2Zy =jolg+

Z,5=0[Q];
Zy =23 =jolg =][Q];
Zy5=0[Q];

ho@+2)-2, =0

-2, +3J, =20 + 10]j

@+ D+, =0

P35+ @+])d-1-(20-10) = 0

The system becomes:

with the solutions: J; =5 — 5][A]; J. = 10[A]; Js = - 10[A]; J» = 10 — 10j[A].

3. The currents on the branches are determined as follows:
Li=J-J=5+5][A] ls=Js—-J,=-20[A]
lo=_J1=5-5)[A] ls=-Js=10[A]



-J2—Ja=-20 + 10j [A] Ir=-J=-10[A]

Is -
Js—-Ja=10[A]
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b) Finding the current through one branch of the circuit by Thévenin's theorem implies the replacement of
that circuit (except the targeted side) with an equivalent voltage generator.
For the present problem, the electrical diagram below is represented:

: 1 gABO —E; .

So: li=lag= ———;

Ry + ZABO

with the observation that the sign of E;7 is taken with + if it coincides with the
meaning of 1ag and with — otherwise.

The voltage Uago (0pen circuit between terminals A and B) is determined from
the adjacent circuit, where Z; represents the impedance of the parallel circuit
Rl, Lo:

R;-joL,
R, + joL,
It is found that this impedance is not crossed by the current (the circuit is interrupted between A and B) as
a result there is no voltage drop on this impedance. Point A therefore moves according to the figure:

Z = =1+]J].

| N—
-
Conl

Next, the problem is solved using the loop current method:
3 =l = 20-10j

. 1 .
Ry J,+| Ry tjol, + -J, -jolas - Jo =0
479 ( 4 TJobLg j(Dng dp -Jobgs - J3

—Jolgs-J, +(Rg + jols)-J3=0

J; = 20-10j

b+ @ +]))d-j-J3=0

-3 + (1 +])) 33 =0

With the solution J; = 20 — 10j [A]; J, =-10 + 10j [A]; J; = - 10 [A], the current through the resistance
R4 is therefore J: + J> and through R6 it is Js.

S0: Upg, =Ug, +Ug =Rs(J +15) +Rg I3 =0[V].

To determine the Zago impedance (the internal impedance of the circuit with all sources st to zero — i.e.
with the voltage sources replaced by a wire, and the current sources by an interruption) the following
artifice is used: between terminals A and B any voltage source is considered connected, so that the




impedance between the terminals can be calculated as the ratio between the voltage of the source and the
current that travels through it (see figure below).

E  Up

;ABO = I I
Isa  IBa

To determine the IAB current, the cyclic current method is
]R again applied:

Ji ;1+_L + jolLs + joLg —2jolgs [+ —joL; —- L +jolgs |-, +
JoC, JoCy

+ (—jOJLS +jolgs ) J3=E

Jp | —jobs —- L +jolgs [+] Ry +- L +Jjoblg |-, —jolgs-J; =0
JoCs JoCs

Ji - (jolg + jolgs) +J, - (jolgs) + J3(joLs +Rg) =0

L))+, (2) + 3550 = E
B2+ A +0)-f =0
10 + 3, () + LA+ =0

The system is solved, the term E is simplified and the following is obtained:

E E .
Z =—===1+j|Q].
AT Hilel



B R+ Ry +Jwi4 + fesla +E - 2jel g
J

sl .
z\ Jexs +JE3 ~ ool = jolag

222 = QZ*J.COLZ*JCOL%‘FT(%C _ ijézg
3

' I
La= Iy



The method of node voltages,

When applying the method of node voltages, the following steps are followed:
1. A node of the circuit is chosen as the potential origin (it is assigned the value of 0[V]). We
check whether the circuit contains an ideal voltage source. If so, the node that represents the origin
of potential is chosen so that it is one the nodes adjacent to the branch containing the ideal voltage
source. The voltage of the other node adjacent to the ideal voltage source is computed directly
using KVL.

2. A system of equations is formed to determine the voltages of the other nodes of the circuit, (the
number of equations is equal to the number of nodes minus 1). The equation corresponding to the node
for which we already computed the voltage value at step 1(if any) is eliminated from the system of
equations.

(VY 4V Yip o Vo Yin = D e,

Vi Yor 4V Yop otV Yan = ) L,

The terms YKk represent the sum, with the sign (+), of the admitances of the branches adjacent to the
node (k).
The terms Y; represent the sum, with the sign (-), of the admittances of the branches connecting the
nodes (k) and (j).
The right hand side terms of the system of equations represent the sum of the short circuit currents of the
branches adjacent to each node of the circuit. The short-circuit currents of the branches are calculated by
short-circuiting their ends with a wire. For the branches that do not contain sources, the short-circuit
currents are zero. If the branch adjacent to the node contains a source directed towards it (the node), the
short-circuit current is taken with the sign (+) and with (-) otherwise.

3. We solve the system of equations and compute the node voltages.

4. We calculate the currents of the branches, knowing the node voltageg and applying KVL.

Examples:
1. The circuit shown in the figure below is a Wien bridge. Write the equations for solving the circuit
by the method of node potentials.

Itx1

Solution:

A node of the circuit is chosen as the potential origin (it is assigned the value of O[V]);
The system of equations is formed (the number of equations, in the case of this, is 3).



Vi Y+ VoY +Vs-Yyg :Z!scl
Vi-Yo1+Vy Yo+ V3 Y3 Zzlscz
Vi-Yg+Vy Ygp +V3-Ygg =lec3

X11:i+i+i’ Xzz—i+—+—+l(’0c3’
Ri 41 Ry Zp 2 3
1
Y5, ——R——Xzy Y=Y ——[—Jr J(Dch,
3
1 1
Yi3=Y3 = _Z_ ; Y= + +JjoCy +—
4 4 3 4
_E _ __E
Z:-SC1 - Z ’ Z!scz 0; Z!sc3 - Z_l

Note:

For example, if the side between nodes 1 and 3 is short-circuited:
E

Z—l .
Solving the system leads to the determination of the unknown potentials V1, V> and V.

L=

Calculate the currents of the sides:

E+V,-V V, -V V, -V .
Zi-h+V, -V =E = |1== _23 _1;!2:_1R =2 ;!32_2R _3;!4:JC0C3(\_/2_\_/3);
1 2 3
Vv V
!5:—_2; !6:__1 and |7:_—_3'
Zp Ry 4

2. Write the system of equations corresponding to the node potential method for the circuit in the adjacent
figure.

C, Solution:
2
C, It is noted that the circuit contains an ideal voltage
L E, source (Ei1). In this case, the node chosen as the
I 1 potential origin must be adjacent to the branch
oL containing that source.
E R
[y
_J 1
=02 1{2 (:3




The rule also applies to a circuit that contains several ideal voltage sources, placed on branches that have
a common node (the reference node must be adjacent to a branch that contains an ideal voltage source).

The potential of node 1 can thus be calculated directly: V1 = E: (The voltage drop on the ideal voltage
source (V1=0) is equal to and opposite to the electromotive voltage).

The equation corresponding to node 1 in the method of node potentials becomes useless.
So we only write the equation for node 2:

\_/1251
Vi Yo+ Vo Yo =2 g,
1 . . .
Yyy=— ——+]Jj0C, |; Y, = JoC; + jJoC, +
Yo [R1+1®L1 J 2j Yoo = Joly + Jol,

Z!scz =—Ep-JoCy +1y.
Finally, the branch current must be computed.

R, +jolL;

3.
{111\11 +Y 15V =lgcq
Y1V +Y 2oV =1gco
] 1 1 1
Y1 =JaCy+ —
R2+JCOL2 JCOL4 R5
Y5 _i+ - L +i
~™ Ry Joby Rs
1 1
Yo =Yo =~ to—
Joly  Rsg
lscl_El ja)C
, __Es =V, VY,
2sc2 R
3
| _Ei Yy . Vi . | _E3+V3
-1 1/ ja)Cl ro=2 R2+ ja)L2 1 =3 R3
I P P2
—4 ja)L4 ' =5 R5
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