Methods of Analysis and
Selected Topics (dc)

8.1 INTRODUCTION

e The steps shown in the previous chapters cannot be applied if the sources are
not in series or parallel.

e Other methods have been developed to solve network with any arrangement
of sources.

e These methods apply also for single source network,

These methods are:
1- Branch-current analysis

2- Mesh analysis
3- Nodal analysis

Any of these method can be applied, the best method cannot be defined.
All the methods can be applied to linear bilateral networks.
e Linear = elements of the network are independent of the voltage applied
across or the current through them,

e Bilateral = no change in the behavior if current or voltage is reversed.



8.2 CURRENT SOURCES

Current source is the dual of the voltage source:

Current source supplies fixed current to the branch in which it is located; the voltage
across its terminal can vary.

The interest in current source is due to semiconductor devices (transistors),

® Current-controlled devices

» Transistor behaves like a | ument source

current source. ’ Bo——1h C

B Bre be

» Symbol of current source = N

circle with an arrow.

- - ' . E
» Arrow indicates the direction | - _ o
. (a) Transistor symbol (b) Transistor equivalent circuit
of current supplied.
FIG. 8.1

Current source within the transistor equivalent circuiit.
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FIG. 8.2
Comparing the characteristics of an ideal voltage and current souirce.

> A current source determines the current in the branch in which it is located

» The magnitude and polarity of the voltage across a current source are a
function of the network to which it is applied.



EXAMPLE 8.2 Find the voltage 7 and the currents I; and I, for the —
network of Fig. 8.4. I
+ l !
Solution:
Vs I TA ET== 12V R§4ﬂ
V.=E=12V N T
L=tz £_13V _ 5,
R R 40 1
Applying Kirchhoff’s current law:
I= Il + Iz
and I =I-L=7TA—3A=4A
EXAMPLE 8.3 Determune the current I; and the voltage V; for the net- + 7 -
work of Fig. 8.5. L, R
Wy
Solution: Usimng the current divider rule: 20
+ 20V
R.I (106 A) E—
-Il — — =2 A
.R.z + Rl 1 ﬂ- + 2 -\!:1 R,
| N e
The voltage F; 1s rI CT) 64 L a
V,=ILR, =(2A)20) =4V _

and. applying Kirchhoff's voltage law, .
+V,— P, —20V =0

and F,=F,+20V=4V + 20V
=24V

Note the polarity of ¥; as determined by the multisource network.



8.3 SOURCE CONVERSIONS

The current (voltage) source described are ideal sources = No internal resistance
Real sources ( voltage or current) have internal resistance

Real VVoltage source: Real Current source:
» E =voltage source rating » | = current source rating
» R, = internal resistance (series) » R, = internal resistance ( parallel )
Rs = 0 (much smaller than any series resistor) Rs = o0 (much larger than any parallel resistor)
= ldeal voltage source = ldeal Current source
D_
g ?
RS
E
R _ =
: § ! R, T s § Rr §
E===
————— 0
FIG. 8.6 FIG. 8.7
Practical voltage source. Practical current source.
E R, -1

[, = —— [, = —
LR 4R, YT R 4R,



Sources with their internal resistance included can be converted from one type to the
other type.

Source conversions are equivalent only at their external terminals.

» R Is the same (position changed) @ ‘
> E=1"-R, L_E
R, -, R
As far as terminal point (a) and (b) e 33
and the circuit in between there is no E = IR, L
difference: T S .
Je' b ';' b

e Same current

e Same voltage FIG. 8.8
Source comersion.

e Same power



EXAMPLE 8.4

a. Convert the voltage source of Fig. 8.9(a) to a current source, and cal-
culate the current through the 4-() load for each source.

b. Replace the 4-() load with a 1-k() load. and calculate the current I;
for the voltage source.

c. Repeat the calculation of part (b) assuming that the voltage source is
ideal (R, = 0 (1) because R; is so much larger than R,. Is this one of
those situations where assuming that the source is ideal is an appro-
priate approximation?

Solutions:
a. See Fig. 8.9.

E 6V
R+R 2Q0+40Q

RI  (2O)3A)
R+R 20+40

1A

Fig. 89(a): I; =

Fig. 8.9(b): I =

E 6V
b. I; = — = 5.99 mA
R +R 20+1kO

_ L _ 6V g mA =59 mA
R, 1kQ

Yes, R; > R, (voltage source).

c. I

9|t

(b)

Sl e




EXAMPLE 8.5

a. Convert the current source of Fig. 8.10(a) to a voltage source, and
find the load current for each source.

b. Replace the 6-k() load with a 10-() load. and calculate the current 7,
for the current source. | | 0 mA l I R §3 Q) RL§ 610

c. Repeat the calculation of part (b) assuming that the current source is
ideal (R, = o= () because R; is so much smaller than R.. Is this one
of those situations where assuming that the source is ideal is an 9 mA 1 I

0=

appropriate approximation?

=l ]

Solutions: -
a. See Fig. 8.10. (a)

1

RI  (GkO)OmA)
R.+R, 3kQ+6kQ

Fig. 8.10(a): I; =

: E 27V 27V
Fig. 8.10(b): I; = = - = — =3 mA
R.+R; 3kQ+6kQ) 9Kk R5§3kﬂ
R,I 3 k€)(9 mA)
b. Iy =———= = 8.97 mA RL§6kﬁ
PR 4R O3KQ+100
c. ; =1I=9mA =897 mA E = IR, = 2TV e T;,
L L
Yes. R, > R; (current source). ——— o0—




8.4 CURRENT SOURCES IN PARALLEL

Current sources in parallel: they may all be replaced by one current source having
the magnitude and direction of the resultant:

e Summing the currents in one direction
e Subtracting the sum of the currents in the opposite direction
o New parallel resistance is found like any parallel resistors in parallel



1

.= 10A - 6A = 4A
R;

3060=20Q

A
) 8A nguz

I =TA+4A - 3A=8A
R.= R =40Q



EXAMPLE 8.7 Reduce the network of Fig. 8.13 to a single current
source. and calculate the current through R;.

Solution: In this example, the voltage source will first be converted
to a current source as shown in Fig. 8.14. Combining current sources,

I

v
I 4A ngﬂz IEGDML Rgg_un RL§14H

L=IL+L=4A+6A=10A
and R.=R/||R=80Q(240=60Q
Applying the current divider rule to the resulting network of Fig. 8.15,

 RI,  (6M)(10A)  60A
PR AR O6Q+140 20

3A

I
RSs0
I 6 A Rggzﬂrn RL§14Q
B2V
.

=
FIG. 8.15
Network of Fig. 8.14 reduced to its simplest
Jform.



8.5 CURRENT SOURCES IN SERIES

current sources of different current
ratings are not connected in series,

Voltage sources of different voltage
ratings are not connected in parallel.

FIG. 8.18
Imvalid situation.



8.7 MESH ANALYSIS (GENERAL APPROACH)

Mesh = closed loop (like a fence)
1. Assign a current in clockwise direction to

each independent, closed loop of the network.

e Not necessarily the clockwise direction.
e Any direction can be chosen ---
e Remaining steps follow the choice

properly.

However, by choosing the clockwise direction as
a standard, we can develop a shorthand method
for writing the required equations that will save
time and possibly prevent some common errors.

Independent closed loop

T — o — e — — e — — — — — — — — — —

FIG. 8.26
Defining the mesh currents for a “hvo-
window” network.

| )

L/,

NS



2. Indicate the polarities within each loop for Saiaieieiololebolobubobulubulbulioie
each resistor as determined by the assumed
direction of loop current for that loop.

Note the requirement that the polarities be placed
within each loop. This requires, as shown in Fig.
8.26, that the 442 resistor have two sets of
polarities across it.

e o o o e = o s o e e e e = =

FIG. 8.26
Defining the mesh currvents for a “two-
window” nefwork.

3. Apply Kirchhoff’s voltage law around each closed loop.
Again, the clockwise direction is chosen to establish uniformity.

a. If a resistor has two or more assumed currents through it, Iy =) 1

b. The polarity of a voltage source is unaffected by the direction of the
assigned loop currents.

4. Solve the resulting simultaneous linear equations for the assumed loop
currents.



EXAMPLE 8.11 Consider the basic network as in
Fig. 8.26.

Solution:

Step 1: Two loop currents (I, and I,) are assigned
In the clockwise direction in the windows of the
network. A third loop (I3) could have been
Included around the entire network, but the
Information carried by this loop is already included
In the other two.

Step 2: Polarities are drawn within each window to
agree with assumed current directions. Note that
for this case, the polarities across the 4 Q resistor
are the opposite for each loop current.

Step 3: Kirchhoff’s voltage law 1s applied around
each loop in the clockwise direction. Keep in mind
as this step is performed that the law is concerned
only with the magnitude and polarity of the
voltages around the closed loop and not with
whether a voltage rise or drop is due to a battery or
a resistive element. The voltage across each

FIG. 8.26

Defining the mesh currents for a “hwo-

window” network.



resistor is determined by V = IR, and for a resistor -~ ---------------- \

with more than one current through it, the current : s O IO :
Is the loop current of the loop being examined plus Rl?f“ | Rf_§ Lo
or minus the other loop currents as determined by | I+ | I
their directions. | ! ‘rf?*_%‘l” 2 L i
If clockwise applications of Kirchhoff’s voltage EE l __i? . o i - EL
law are always chosen, the other loop currents will =] «_____ o o
always be subtracted from the loop current of the T .
loop being analyzed. B e -
FIG. 8.26

Defining the mesh currvents for a “two-
window” nefwork.

loopl: +E, =V, —T15=0 (clockwise starting at point a)

Voltage drop across
4-() resistor

2V-QO -0, 1) =0
N

Total current
through
4-() resistor

Subtracted since 7 1s
opposite in direction to J iy



loop2: —=V;—T1,—E,=0 (clockwise starting at point )
-4 L-1)— (1)L -6V =0

Step 4: The equations are then rewritten as Sttt xl
follows (without units for clarity): S S T I s (R
RZ20 | RZ10
loopl: +2—2I,—4[, +4L =0 : | . I+ ) o
loop 2: —4L + 4L, — 1L, — 6 = 0 1 Rz 2 )
[ Iy | |
loop 1: +2—6I, +4L, =0 Ermmi2v  sv=g
IOUP 2: _5]2+4]1 —6=0 e e - - :
— L)
loop1: —6I, +4I, = =2 PP o __ v

loop 2: +4I, — 5, = +6 FIG. 8.26

Defining the mesh currents for a “two-
. . window” network.
Solution is:

I,==1A and [, =-2A
The minus signs = the currents have a direction opposite to the assumed loop current.
The actual current through the 2-V source and 2-Q resistor is therefore 1 A in the other direction,
The current through the 4-Q resistor is determined by the following equation from the original network:
loopl: Lijn=L—L=—1A—-—(—2A)=—-1A+2A
= 1A (in the direction of I;)



EXAMPLE 8.12 Find the current through each branch of the network
of Fig. 8.27.

Solution:

Steps 1 and 2 are as indicated in the circuit. Note that the polarities of
the 6-{) resistor are different for each loop current.

Step 3: Kirchhoff’s voltage law is applied around each closed loop in
the clockwise direction:

loopl: +E,—V,—V,—E,=0 (clockwise starting at point a)
+5V — (1 ), — (6 Q) 512) — 10V =0

I, flows through the 6-{2 resistor
in the direction opposite to [;.

loop2: E,—V,— V3;=0 (clockwise starting at point b)
+10V (6L —1)—2OML =0
The equations are rewritten as

5—1,— 6, + 6, —10=0]—7I, + 6I, = 5
10 — 61, + 61, — 2I, = 0| + 6I, — 81, = —10

| |
nglﬂ Rggan

~

. | |_ _I
I |
1 ' 2 )
| | R )
| : | |3§
| [ I I
+ 1 | | [
E;===15 Ey =110V |
3 b
x L
FIG. 8.27

Example 8.12.




Step 4: 5 6
— — —40 + 2
I = 10 -8 _ —40 GOZ_OZIA
-7 6 56 — 36 20
6 —8
-7 5
I = 6 —IDZTD—JOZ_UZZA
20 20 20

Since /; and I, are positive and flow in opposite directions through
the 6-() resistor and 10-V source. the total current in this branch is
equal to the difference of the two currents in the direction of the
larger:

L>I, 2A>1A)

Therefore.

In,=L-L=2A-1A=1A in the direction of I,

_ f————\_l__f————\
[ I |
+ ! .__ 4 |
I [ | |
| ) [ | I

! 1 I | 2 Rgg;’ﬂ
I [ | |
I [ I I
+ 1 | | [
| m==l5V E,™m==110 V |
— 1 L | I, J
. — = = - b-—————-

x L
FIG. 8.27

Example 8.12.




EXAMPLE 8.13 Find the branch currents of the network of Fig. 8.28.

Solution:

Steps 1 and 2 are as indicated in the circuit.

Step 3. Kirchhoff’s voltage law 1s applied around each closed loop:
loopl: —E, —LiR, — E, — V>, =0 (clockwise from point a)
—6V -2\ -4V -4, - L)=0
loop2: —V,+ E,—V;— E;=0 (clockwise from point b)
—(4M)L—0)+4V —(6Q)L)—3V=0

which are rewritten as

—10 — 45, — 21} + 4L, = 0| =61, + 4L, = +10

I, =-2.182 A;
I, =-0.773 A;
The current in central branch (R, and E)) is:

L —L=—2182A — (—0.773 A)
— —2.182A + 0.773A
— —1.409 A

Revealing that it i1s 1.409 A in a direction opposite
(due to the minus sign) to I, in loop 1.

FIG. 8.28
Example 8.13.



Supermesh Currents

When there is a current source in the 'jj» Rs
network: 19 20

e Start as before step 1 and 2, (current source  Fi=6Q L

is treated as resistor) ! 1A By====12¥
E; 20V

e Mentally remove the current source (open T
circuit) and apply KVL to the remaining A
loops

: . _ _ FIG. 8.29

e Any resulting open window, including two Example 8.14.
or more mesh current current is said
supermesh.

e Relate the currents to the independent R a Rs
current sources, and solve. % '\;W

Rl 6 1) - -

| " K ‘ (I\ I 4A/I>E — 12V
= _%_ L +'\Ag— S S\ i
| 4 2 E 20V
R1<Z 61 1 T
Ak m L )E) 12V J__—

Ej 20V . )
T T ? — Supermesh FIG. 8.30
I___________________-;—_ _________________ \ Defining the mesh currents for the network of Fig. 8.29.

FIG. 8.31

Defining the supermesh current.



Node a 15 then used to relate the mesh currents and the ciurrent
source usmg Kirchhoff's current law:

I] =J+ I:
The result 15 two equations and two imknowns:

105 + 2 = 32
Il_ I:=4—

Applying determinants:

32 2
[ L4 1 _enen-ow_ o iua
0 2 acb-eo v

and L=h-1T=3133A-4A=-067A

In the above analysis, it muight appear that when the current source
was removed, I} = L. However, the supermesh approach requures that
we stick with the onginal defimtion of each mesh current and not alter
those defimtions when current sources are removed.



EXAMPLE 8.15 Using mesh analysis, determine the currents for the
network of Fig. 8.32.

Solution: The mesh cwrents are defined in Fig. 8.33. The current M
sources are removed, and the single supermesh path is defined in Fig.
64() 20 503 Cl)m

8.34.
Applying Kirchhoff’s voltage law around the supermesh path:

—Voa = Vea — Ve =0 =
—(L—010)20-L6Q)— (I, —L)8(Q=0
—2L, +2I, — 6, — 8L, + 8 =0
2, — 16, + 8=0
Introducing the relationship between the mesh currents and the cur- m

rent sources: 6 A’Q) m § 2ol 1 )s Qg @(l) 8 A

I,=6A
L=8A L

results in the following solutions:

21, — 161, + 81, = 0

2(6A) — 161, + 8(8A) = 0 : T WA—- 1
| 60 !
76 A - +|
and I, = =4.75A ! I
- 2% ool 1o
Then Lol=I,—,=6A—475A=125A 0 i | °
I L '
and IBHT =L —-—L=8A—-—475A=3.25A N i S — Supermesh
current

Again. note that you must stick with your original definitions of the
various mesh currents when applying Kirchhoff’s voltage law around
the resulting supermesh paths.


User
Sticky Note
Unmarked set by User


8.8 MESH ANALYSIS (FORMAT APPROACH)

The equations obtained are 7
—7I, + 61, = 5 71, — 61, = —5 -1 - |
61, — 81, = —10 81, — 61, = 10 r210 B30 i
I T '
I 1 : I 2 R3§
and expanded as | ] :
E,m==5V E,™===10 V |
Col.1 Col.2  Col3 ST R
(1+6I— 6, =(—10) R S —
2+6L— 6, =10 =
Col. 1 Col. 2 Col. 3
LOOp 1: (R1+R2)11 _RZ '12 (El_EZ)
LOOp 2: (Rz +R3)Iz _RZ '11 Ez

Col. 1. Loop current X sum Resistor in loop
Col. 2: Resistor common to another loop X that Loop current

Col. 3: Algebraic sumof voltage sources in the loop



1.
2.

3.

Assign a loop current to each independent, closed loop in a clockwise direction.
The N°of required equations = N° of independent, closed loops.

Column 1 of each equation is formed by summing the resistance values of those
resistors through which the loop current of interest passes and
multiplying the result by that loop current.

the mutual terms are always subtracted from the first column. A mutual term is
simply any resistive element having an additional loop current passing through it. It
Is possible to have more than one mutual term if the loop current of interest has an
element in common with more than one other loop current. Each term is the
product of the mutual resistor and the other loop current passing through the same
element.

The column to the right of the equality sign is the algebraic sum of the voltage
sources in the loop considered.

I, I
I ” [ 6 9 — —
+ “tor ~ || T I = for 7 o

5. Solve the resulting simultaneous equations for the desired loop currents.



EXAMPLE 8.17 Write the mesh equations for the network

Solution:

Step 1. Each window is assigned a loop current in the clockwise
direction:
Il does not pass through an element

mutual with IS )

I A0+ 1ML -1 WL+0=2V—4V
L: (1Q420+3MWL— A — GWL=4V
L BQ+4ML-GWL+0=2V

|

13 does not pass through an element
muftual with J -

Summing terms yields

211_124’ 0:_2
612_ 11_313:4
1L —3L+ 0=2

+20 -
Wy
— 1 | +| | 1 | _
IQ§' Rt I 1 |_mm_ 5 <7
I I —1 O e
T | | | I |
1 2 |§3Q 3
I I+[—1 I e T
I | : | I |
2V = | 10 | | |§4Q
B Y LT
FIG. 8.37

Example 8.17.



[

which are rewritten for determinants as W&‘
e, Tho o 03 _uy 0| i
}Il — LI'E + 0 = —2 + : | _: | _: |
b e T T o1 |+ 2 |§503 |
.. = . o e e |
= ¥ T — VT [ 10 [ 1 [
*IL + 6“!»32— .)-Igh =4 SRR A R
I-\.H‘- ) . - . . = _‘ . . +
0. — 3L+ . =2 )
= . FIG. 8.37
Example 8.17.
Note that the coefficients of the @ and b diagonals are equal. This
symmetry about the c-axis will always be true for equations written
using the format approach. It is a check on whether the equations were
obtained correctly.
Iy BQ+3ML - WML - (3WL =15V Yy
I5: BOA+50+20L—-—CMWL—50)=0 o :
Iy BQ+10Q+50)L—-8M) —(50)L=0 | 3 |
_ ‘\——_-S.Q-_— ------- 2 -5n-+--Is-*
117 — 85 — 3, = 15 —W—— —W—
10, =3I, —5=0 o + —f |
231, — 81 — 5L, = 0 15V -1“2302“
5

117, — 3L — 8L =1
3L, + 10L — 5L, =0
_Sjr] — SIE + 2313 =0




