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Methods of Analysis of the dc circuit
The methods to be discussed in detail in this chapter include:

1.branch-current analysis,
2.mesh analysis, and
3.nodal analysis.

Each can be applied to the same network. The “best” method cannot be
defined by a set of rules but can be determined only by acquiring —«—-Sa firm
understanding &l ~¢2 of the relative advantages of each.
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1-BRANCH-CURRENT ANALYSIS:
There are four steps, as indicated below. Before continuing,

understand that this method will produce the current through
each branch of the network, the branch current.

1. Assign a distinct current of arbitrary direction to each
branch of the network.

2. Indicate the polarities for each resistor as determined by
the assumed current dlrectlon
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3. Apply Klrchhoffs voltage Iaw around each closed
Independent loop of the network.

The best way to determine how many times Kirchhoff’s voltage
law will have to be applied Is to determine the number of
“windows” In the network. The network of Example has a
definite similarity to the two-window configuration of Fig. 1(a).
The result is a need to apply Kirchhoff’s voltage law twice.

1

Doctgir%armad FawziF I g ) 1

3/19/2018



duaglpugill daglall
npt dugeaall Silasiyyalllly 55l dascsy, ouud
'f‘*'\’;ilfr' S Laser & Optoelectronics Eng. Department \_/

For networks with three windows, as shown in Fig.1(b), three
applications of Kirchhoff’s voltage law are required, and so on.

3 1;2\
1‘-.“ 3‘ 1 2 :3/

Fig. 1 Determining the number of Independent closed loops.

4. Apply Kirchhoff’s current law at the minimum

number of nodes that will include all the  branch
currents of the network.
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The minimum number I1s one less than the number of
Independent nodes of the network. For the purposes of this
analysis, a node Is a junction of two or more branches, where
a branch Is any combination of series elements. Figure 2 defines
the number of applications of Kirchhoff’s current law for each
configuration of Fig. 1
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(4 nodes) (4 nodes)

3
(2 nodes) (2 nodes)
2 2 2 3 4
3\/4
l l l 1
2-1=1leq 1-1=1eq 4-1=3eq 4-1=3eq.

Figure 2 Determining the number of applications of
Kirchhoff’s current law required.
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5. Solve the resulting simultaneous linear equations for assumed
branch currents.

It Is assumed that the use of the determinants method to solve
for the currents I, I,, and I; Is understood and Is a part of the

StU

dent’s mathematical background. If not, a detailed

EX

nlanation of the procedure Is provided in Appendix C.
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DETERMINANTS

Determinants are employed to find the mathematical solutions
for the variables in two or more simultaneous equations. Once
the procedure is properly understood, solutions can be obtained
with a minimum of time and effort and usually with fewer
errors than when using other methods. Consider the following
equations, where x and y are the unknown variables and a,, a.,
b,, b,, c,, and c, are constants:

3/19/2018 Doctor Sarmad Fawzi 11
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Col.1 Col.2 (ol 3

ax + by = ¢ (C.1a)
anx + by = o (C.1b)

It 1S certainly possible to solve for one variable Iin Eg. (C.1a)

and substitute into Eq. (C.1b). That is, solving for x In Ed.
(C.1a), ¢~ by

I:

a
and substituting the result in Eq. %C.lb),
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It IS now possible to solve for y, since it Is the only variable
remaining, and then substitute into either equation for x. This
IS acceptable for two equations, but it becomes a very tedious
and lengthy process for three or more simultaneous

equations.
Using determinants to solve for x and y requires that the

following formats be established for each variable:

3/19/2018 Doctor Sarmad Fawzi 13
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Col. Col. Col. Col.
1 2 1 2
a b a o
. ) E'.'g y = i, Ca {[l}
ay by ” ay b
ay by a, b

First, note that only constants appear within the vertical
brackets and that the denominator of each is the same. In fact,
the denominator Is simply the coefficients of x and y In the
same arrangement as in Egs. (C.1a) and (C.1b).

3/19/2018 or Sarmad Fa 14
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Second, when solving for X, replace the coefficients of X In the

numerator by the constants to the right of the equal sign

Eqgs. (C.1a) and (C.1b), and simply repeat the coefficients
the y variable.

Finally, when solving for y, replace the y coefficients In t
numerator by the constants to the right of the equal sign, a
repeat the coefficients of x.

3/19/2018 Doctor Sarmad Fawzi 15
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Each configuration in the numerator and denominator of Egs.

(C.2) is referred to as a determinant (D), which can be evaluated
numerically in the following manner:

Col. Col
1 2
a by
0y b

(Cd)
Determinant = D =

= mby — mby

3/19/2018 Doctor Sarmad Fawzi 16
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The expanded value Is obtained by first multiplying the top
left element by the bottom right and then subtracting the
product of the lower left and upper right elements. This
particular determinant Is referred to as a second-order
determinant, since It contains two rows and two columns.

EXAMPLE 1: Evaluate the following determinant:
;i

3/19/2018 Doctor Sarmad Fawzi 17
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Solution:
=000 =8-6=2
Expanding the entire expression for x and y, we have the
following: a1 b
- Co E'g _ Elbg_fgbl {Cﬂl-ﬂ}
a, b by — axby
a, b
a O
_ fdr O _ 1Cr» — a0
4 g bl ﬂ'lbg — ﬂ'gz}l {th}
() bl

3/19/2018 Doctor Sarmad Fawzi 18
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EXAI\/IPLE 2. Solve for x and y:

X+ y=3
3 l
_kd_oeow-on _12-2_10_,
TR T o@-3m  s-3 5
3 4
2 3
,o B2 _@0-06 _4-9_-5__

5 5 I 5
2x + y = (2)(2) + (—1)
=4 —1=3 (checks)
3x + 4y = (3)(Q2) + (@)(—1)
3/19/2018 — ‘5 o 4 — 2 DQ%%%:]
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Any number of simultaneous linear equations:

The use of determinants 1s not limited to the solution of two

simultaneous equations; determinants can be applied to any
number of simultaneous linear equations.

Consider the three following simultaneous equations:
Col1 Col2 Col3 Col 4

ax + by + oz = d
ax + by + iz =
axx + by + ¢z = d;

3/19/2018 Doctor Sarmad Fawzi 20
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In which X, y, and z are the variables, and a, , 3, b; 53, C; 53, and
d, , 5 are constants.

The determinant configuration for x, y, and z can be found
In a manner similar to that for two simultaneous equations.

dl bl )| 0 {1’11 A 1’]'1 bl {1’11
ﬂrl bl (3 ) {Z’Tj (5 {1 E]j {Z’Tj
_ldy by ¢ oy dy ¢ ol by 4
Where X= D V= n 7 D
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D = |a; El'j ’:.1.
(I EI'_:!. s

A shorthand method for evaluating the third-order
determinant consists simply of repeating the first two
columns of the determinant to the right of the determinant
and then summing the products along specific diagonals as
shown below:

3/19/2018 Doctor Sarmad Fawzi 22
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ﬂﬂl‘ . | bl:

D — ﬂﬂ __'h-}_

ﬂjr .,bg‘ﬂ%j‘:i' -+l :
) X4 3

The products of the diagonals 1, 2, and 3 are positive and have

the following magnitudes: +mbicy + byosas + oyabs

The products of the diagonals 4, 5, and 6 are negative and

have the following magnitudes:  —asbs¢; — bty — €30y

3/19/2018 Doctor Sarmad Fawzi 23
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The total solution Is the sum of the dlagonals 1, 2, and
minus the sum of the diagonals 4, 5, and 6:

Hmbys + oy + cambs) - (@sbyey + bicay + cxmby) |(C)

Warning: This method of expansion Is good only for third-

order determinants! It cannot be applied to fourth- and
higher-order systems. bx + 0y — 22 = —1

EXAMPLE 3 Solve for x,y,and z: g, + 3y + 1z = 42
e X T2+ 32=10

3/19/2018 24
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—T  _ .
R S

R o S

B N ¢ By

i |l -e._ 3

™ - A= 2 e ST

[(—1)(3E)(3E) + (0)(1)(0) + (—2)(2)(2)] — [(OB)(—2) + (A1) + (3)(2)(0)]
[(1(BX3) + (0)(1)(1) + (—2)0)(2)] — [(DEIH—2) + (2)(A)(1) + (3)(0)(0)]

(=9+0—8)—(0—2+0)

94+ 0+0)—(—6+2+0)

—17+2 15

9+ 4 13
. =1, =27

L

]:"‘- 1’
o
- -
- ?-_I. - o=
) 2 ¥l e 2

- - -

- o - .
‘-r' . -

o 3 1. e

-

J_.!'_
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[(DE@)3E) + (=D(DA) + (=2)(0)(0)] — [(DN2)(=2) + (O)A)(1) + B)O)(—1)]
13

6-1+0—-(—4+0+0)

13
_2+4 _ 9
13 13
B NS o IO G
0 3 2] 07 3
o278l 2.

£
|
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_ [(ME)O) + @A) + (=DHO))] — [(DB)=1) + 2)2)1) + (0)(0)(0)]

13
_040+0)—-(=3+4+0)
13
L —"
13 13
or from Ox + 3y + 1z = +2,
,
” 13 13 13 13

3/19/2018 Doctor Sarmad Fawzi 27



} N danglpissill daglall
'f‘*'\.";i"i"i"i{‘{ Laser & Optoelectronics Eng. Department \_/

The General Approach to Third-order or Higher
determinants

The general approach to third-order or higher determinants

requires that the determinant be expanded in the following form.
a; by ¢ by, o, la; 3| | a; b, |
as by ¢ I .| Minor T Mmer |- T Miner |
Cofactor Cofactor Cofactor
Multiplying Multiplying Multiplying
3/19/2018 ﬁlf."['l}l' Doctor Sarm%ggv:\:/lzli- fﬂ.I:l'l:II' 28
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This expansion was obtained by multiplying the elements of
the first row of D by their corresponding cofactors.

The sign of each cofactor is dictated by the position of the
multiplying factors (a,, b,, and c, In this case) as In the
following standard format:

> -+

1

+ — -+

3/19/2018 Doctor Sarmad Fawzi 29



For the determinant D, the elements would have the followmg
signs: a5, o)
2O ) )

2 ) ()
The minors associated witﬁ eachjmultijplying factor are obtained
by covering up the row and column in which the multiplying
factor Is located and writing a second-order determinant to
Include the remaining elements in the same relative positions
that they have In the third order determinant. We can find the

minors of a, and b, as follows:

3/19/2018 Doctor Sarmad Fawzi 30
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R -
et W i,
-l b'ﬁ G| = bg {llj E] .o =\d C.| = ﬂ: Eﬂ
pa i S B e I Y P,
3 b]' fﬁ : : Iﬂ'3 ] {‘3 - -
Using the first column of D, we obtain the expansion

HI 1
D= a, b: c,|=a{+
,['] .

bl El
bj c,

)

Erz , bl €,
Er} C, bs €,

3 )ea(cly o)l

EXAMPLE 4 Expand the following third-order determinant:

3/19/2018 Doctor Sarmad Fawzi 31
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RANR

1[6 — 1] + 3[—(6 — 3)] + 2[2 — 6]
54+ 3(—3) + 2(—4)

5—9—8

—12

3/19/2018 Doctor Sarmad Fawzi 32
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EXAMPLE 5 Apply the branch-current method to the network
Fig. 3. a

I -] — — — —
[ fl | ij 3
R 20 | RZ10
I | |
| | |
de : R3§4.ﬂ : ®h
| i |
|
T+ : jw: | +
P I E,l ===V
L I !
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Solution:

Step 1: Since there are three distinct branches (cda, cba, ca),
three currents of arbitrary directions (I, I,, 1;) are chosen, as
Indicated In Fig. 3. The current directions for |, and |, were
chosen to match the “pressure” applied by sources E, and E,,
respectively. Since both I, and I, enter node a, |5 is leaving.

Step 2: Polarities for each resistor are drawn to agree with
assumed current directions, as indicated in Fig. 4.

3/19/2018 Doctor Sarmad Fawzi 34
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Defined by I

Defined Defined
by J; _ - by

21) § § 1@

- -

Fixed Fixed
polanty T T. polanty

E, =2V — gy

Figure 4: Inserting the polariti?es across the resistive elements
e as defined by the.chosen branch currents. }
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Step 3. Kirchhoff’s voltage law Is applled around each closed
loop (1 and 2) in the clockwise direction:

\L Rise in potential
loop 1: 2V =+E —Vp — Vi =0
| 3
1 i

Drop in potential

‘-L \L Rise¢ in potential
loop 2: ZGV=+VR3—|— VRE—EEZO
and t Drop in potential

loop 11 2oV =+2V -2 W —@ W, =0
L r i - J i W y
Battery Voltage drop Voltage drop
potential  across 2-£)  across 4-£)
resistor resistor

loop2: 2a V=@M + AW, -6V =0

3/19/2018 Docto 36
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Step 4: Applying Kirchhoff’s current law at node a (in a two-

node network, the law is applied at only one node), “™*
I+ = I
1
2-1=1leq.

Step 5: There are three equations and three unknowns (units
removed for clarity):

3/19/2018 Doctor Sarmad Fawzi 37
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Soiution 1
2-21,—-4L=0  Rewntten: 2/,+0+4/,=2

4]_’;‘{‘]]2_ 6:0 0+]2+4]1:6
]|+ ]2:]_*; ]|+]2_ ]_’;:0

3/19/2018 Doctor Sarmad Fawzi 38
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2 0 4

6 1 4

0 1 — negative sign mn front of a
J = : _ ¥ 1 A &ranfhf:mren%ﬂiudicatﬂts only

L 2 () 4 that the actual current 1s
in the direction opposite to

)= 0 1 4 that assumed.

1 1 — 1

2 2 4

0 6 4

1 0 —1
I = - —2A

2 0 2

0 1 6
7 1 1 o] 1A

3/19/2018 3 D i Doctor Sarmad Fawzi 39
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Instead of using thlrd-order determinants as In Solution 1, we
could reduce the three equations to two by substituting the
third equation in the first and second equations:

2= 21— 4L =0
AL + 1L — 6=0
Irl‘|‘ IEZIg

3/19/2018 Doctor Sarmad Fawzi 40
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3

2 — 21 — 4, +1)=0 | 2—21 —4l —4I, =0
/

3

4, +1)+1L,—6=0 4] +4,+ 1, —6 =20

or —6/l, — 4, = —2
+4/, + 5L = +6

Multiplying through by —1 in the top equation vields

6/, + 41, = +2
41, + 5, = +6

3/19/2018 Doctor Sarmad Fawzi
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and using determinants,

2 4

o6 sl_10-24_ -1
6 4 30-16 14
4 5

6 2
L4 6l _36-8 28
14 14 14
)’_’;:f|+f2: ]{ZZIA

3/19/2018 Doctor Sarmad Fawzi 42
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The voltage across any resistor can now be found using Ohm’s

law, and the power delivered by either source or to any one of

the three resistors can be found using the appropriate power
equation.

Applying Kirchhoff’s voltage law around the loop 2. Check
V=44 VL + (1)L —6V=0
or (4L + (1L =6V

and 41 A) +(1OQ2A) =06V
4V +2V =6V
6V =6V (checks)

3/19/2018 Doctor Sarmad Fawzi 43
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EXAMPLE 6 Apply branch-current analysis to the network of

Fig. 5.
[l L
R, < 4() R;<10() Rzgﬁﬂ

+ I o 1 IIS o | _
| % | s L
| / \ / |
| 1 [ 2 .r:
N ¥ : VK
| |
+1 +! DL
E"=m15V  E3™mmi20V By wemmd0V
R e I
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daa gl pacaill daglall
1 Jal )9 dig gl il gy al8l g 5ealll sy, puu |
__:'f-}?i'.;.-'\x?(.‘?-’r Laser & Optoelectronics Eng. Department \—/

Again, the current directions were chosen to match the
“pressure” of each battery.

The polarities are then added and Kirchhoff’s voltage law IS

applied around each closed loop In the clockwise direction. The
result is as follows:

loopl: +15V — @@ )/, + (10 )/ — 20V =
loop2: +20V — (10, — (5, +40V =

|
o O

3/19/2018 Doctor Sarmad Fawzi 45
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Applying Kirchhoft’s current law at node a,
I| T )’_’; — Iz

Substituting the third equation into the other two yields (with units
removed for clarity)

15 — 4f| T ]0)’1 — 20 =0 Substituting for /5 (since it ocecurs
20 — 10/, — 5(; 4] } + 40 = 0 only once in the two equations)
3 I 3 _

or —47, + 10/, =35
-5/, — 15 = —60

3/19/2018 Doctor Sarmad Fawzi 46
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Multiplying the lower equation by — 1. we have

—47, + 1075 = 5
57, + 1575 = 60

5 10
o 60 15 __ 75— 600 _ —525 14.773 A
—4 10 — 60 — 50 — 110
5 15
—4 S
I, — 5 60 _ —240 — 25 = —265 _ 2 409 A
— 110 — 110 — 110

H=NHn—+5L=4773 + 2409 = 7.182 A

revealing that the assumed directions were the actual directions, with /5

cclua] to the sum of 7/, and /5.
/19/2018 - Doctor Sarmad Fawzi 47
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2- MESH ANALYSIS (GENERAL APPROACH)

The second method of analysis to be described is called mesh
analysis. The term mesh Is derived from the similarities iIn

appearance between the closed loops of a network and a wire
mesh fence.

The systematic approach outlined below should be followed
when applying this method.

3/19/2018 Doctor Sarmad Fawzi 48
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This 1s the crux of the terminology: Independent. No matter
how you choose your loop currents,

the number of loop currents required Is always equal to the

number of windows of a planar (no-crossovers) network.
1.Assign a distinct current in the clockwise direction to each

Independent, closed loop of the network. It Is not

absolutely necessary to choose the clockwise direction for
each loop current.

3/19/2018 Doctor Sarmad Fawzi 49
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For the network of Flg. 6, the Ioop current I, Is the branch
current of the branch containing the 2-Q resistor and 2-V
battery.

The current through the 4-Q resistor Is not 1,, however, since
there iIs also a loop current 1, through it.

Since they have opposite directions, 1, equals the difference
between the two, I, - I, or I, - |,, depending on which you
choose to be the defining direction.

3/19/2018 Doctor Sarmad Fawzi 50
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In other words, a loop current Is a branch current only when
It 1s the only loop current assigned to that branch.

| £y 2 L) | [ R> Q)

| R+§ | | | |_§1 |

I | I+ —! : |

|t REe R

. Loy o Fig. 6 Defining the mesh

| Ep ===i2 % ! 6V ™= B . : ’y
B o .~ currents for a “two window

I = L network.

T e e e e e s s mmm— s omm—— s mm— mmm— mmm—— mm—— s s mm— m—
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2. Indicate the polarltles within each loop for 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. 6, that the 4CQ resistor have two
sets of polarities across It.

3. Apply Kirchhoff’s voltage law around each closed loop
In the clockwise direction.

3/19/2018 Doctor Sarmad Fawzi 52
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a. If a resistor has two or more assumed currents through
It, the total current through the resistor Is the assumed
current of the loop In which Kirchhoff’s voltage law Is
being applied, plus the assumed currents of the other
loops passing through in the same direction, minus the
assumed currents through in the opposite direction.

b. The polarity of a voltage source iIs unaffected by the
direction of the assigned loop currents.
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4. Solve the resulting simultaneous linear equations for the
assumed loop currents.
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EXAMPLE / Find the current through each branch of the
network of the Flg /.

Rém | Rél? Fig. 7 Defining

I

I

| T & | %

I | I+ | =1 |

: | A R3§4 o 2 i the mesh

| Ly | ) currents for a

EEI'_‘—_:“ : VIR “two window”

v\ ‘- |

E _— __Eb I3i network.
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Solution: Step 1: Two Ioop currents (I1 and 1,) are assigned In
the clockwise direction In the windows of the network. A third
loop (l;) 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.
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Step 3: Kirchhoff’s voltage law Is 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.

3/19/2018 Doctor Sarmad Fawzi 57



e dagraall SlaiyyaGllly ol iy, guund
-f,,;,;i_"_‘ \"'4*'.‘.“?. Laser & Optoelectronics Eng. Department _ J

The voltage across each resistor is determined by V= IR, and for
a resistor with more than one current through Iit, the current Is
the loop current of the loop being examined plus or minus the

other loop currents as determined by their directions.
If clockwise applications of Kirchhoff’s voltage law are

always chosen, the other loop currents will always be
subtracted from the loop current of the loop being analyzed.
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+E. — — 7, =0 (clockwise starting at point a)

Voltage drop across
4-0) 1&5.15t=::~r

+2V—-Q I — (4[1)(}1 ;fz) =0
Subtracted since I 1s

opposite in direction to 1.

Total cuurent
through
A4-0) resistor

loop2: —V5;—=V,—E, =0 (clockwise starting at point b)
-4)L-L)-1YL-6V=0

Step 4: The equations are then rewritten as follows (without
units.for clarity): .



- [
loopl: +2—-2I,—4, +4L, =0
loop2: —4L +4l,— 1L, —6=0

and loopl: +2—6,+4, =0
loop2: —5L +4,—6=0
or loop 1: —6I, +4, = —2

loop 2: +4I, — 5, = +6
Applying determinants will result in

I, =—1A and = -2A
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The minus signs |nd|cate that the currents have a direction
opposite to that indicated by the assumed loop current.

The actual current through the 2-V source and 2-Q resistor Is
therefore 1 A In the other direction, and the current through the
6-V source and 1-Q resistor is 2 A In the opposite direction
Indicated on the circuit.

The current through the 4-Q resistor i1s determined by the
following equation from the original network:
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loop I: Lo =1, —fg = —m ( EA) = —1A+2A
= 1A (m the direction of /;)

The outer loop (I;) and one inner loop (either 1, or I,) would

also have produced the correct results. This approach, however,

will often lead to errors since the loop equations may be more

difficult to write. The best method of picking these loop
currents is to use the window approach.
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AMPLE 8 Find the branch currents of the network of Fig. 8
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Solution:

Steps 1 and 2 are as indicated In the circuit.
Step 3: Kirchhoff’s voltage law is applied around each closed

loop:
loopl: —E{—LR{—E,—TV,=0 (clockwise from point a)

—6V—QQOW, -4V —-A QI — L) =0
loop2: —V,+E,—V;—E;=0 (clockwise from point b)
-4, 1) +4V—(6Q0),)—3V=0
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c = - O
which are rewritten as ]
—10 — 41, = 21, + 4L, = 0] =61, + 4, = +10
+ 1+ 41, — 4L — 61, = 0| +41, — 10, = —1
or, by multiplying the top equation by -1, we obtain
0/y — 45, = —10
41, — 10, = —1
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—10 —4
;=1 =1 —10l _ 100 -4 _ 96 _ _, 654
6 —4 —60+ 16 —44
4 —10
6 —10
=14 —U_ —6+40 _ 34 o040
—44 —44 —44

The current in the 4-Q resistor and 4-V source for loop 1 Is
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—2.182A — (—0.773 A)
—2. 182 A + 0773 A

—1.409 A

revealing that it i1s 1.409 A in a direction opposite (due to the
minus sign) to I, in loop 1.
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On occasion t
which mesh a

nere Will be current sources In the network to

nalysis 1S to be applied. In such cases one can

convert the current source to a voltage source (if a parallel
resistor Is present) and proceed as before or utilize a supermesh
current and proceed as follows.

3/19/2018
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e Start as before and assign a mesh current to each
Independent loop, including the current sources, as If they
were resistors or voltage sources.

e Then mentally (redraw the network If necessary) remove the
current sources (replace with open-circuit equivalents), and

e Apply Kirchhoff’s voltage law to all the remaining
Independent paths of the network using the mesh currents

just defined.
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Any resulting path, including two or more mesh currents, Is
sald to be the path of a supermesh current.

o |
IN

11

nen relate the ¢
dependent curre
esh currents.

nosen mesh currents of the network to t

Nt sources of the network, and solve for t

EXAMPLE 9 Using mesh analysis, determine the currents for

the network of Fig. 9.

3/19/2018
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6 ()

MO 220 02 Qm

Fig. 9

SOLUTION: 1

The mesh currents are defined In -Fig. 10.
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Wy
6 ()
A
D yz (YD
L

Fig. 10 Defining the mesh currents for the network

The current sources are removed, and the single supermesh
path is defined in Fig. 11.
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——— e

e — Supermesh
current
Fig. 11 Defining the supermesh current for the
Network
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Applying Kirchhoff’s voltage law around the supermesh path:
—Voa = Vea — Vga =0
_ng + ZII — 61& — SIE + ng = ()

20, — 16/, + 83 =10
Introducing the relationship between the mesh currents and the
current sources:
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I = 8 A
results in the following solutions:

21, — 161, + 81, = 0
2(6A) — 161, + 8(8 A) = 0

j’:
: 16

= 4.75A
Then
Lot =L —-L=6A—-475A=125A
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And 1 T=L-L=8A-475A=325A
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.
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MESH ANALYSIS (FORI\/lAT APPROACH)

The format approach can be applied only to networks in which
all current sources have been converted to their equivalent

voltage source.
The below statements can be extended to develop the following

format approach to mesh analysis:

1. Assign a loop current to each independent, closed loop In
a clockwise direction.
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2. The number of required equatlons IS equal to the number
of chosen Independent, closed loops. Column 1 of each
equation i1s 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.

3. We must now consider the mutual terms, which, as noted
In the examples below, are always subtracted from the first

column.
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Mutual term 1s simply any reS|st|ve element havmg 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.

This will be demonstrated In an example to follow. Each

term is the product of the mutual resistor and the other loop
current passing through the same element.
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4. The column to the rlght of the equality sign Is the algebraic
sum of the voltage sources through which the loop current
of Interest passes. Positive signs are assigned to those
sources of voltage having a polarity such that the loop
current passes from the negative to the positive terminal.

A negative sign Is assigned to those potentials for which

the reverse Is true.
5. Solve the resulting simultaneous equations for the desired

loop currents.
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EXAMPLE 10 Write the mesh equations for the network of Fig.
(12) and find the current through the 7€ resistor.

6 ()
—Wy
' 1| L)
| o -1+
, | | |
3.fz§, 1 .§m 2 |§m
2 | | T |
| A '
A
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Solution:

Step 1: As indicated in Fig. 12, each assigned loop current has a
clockwise direction.

Steps 2 to 4:
[: QA +6Q+2MW—2MW,L =4V
L: (7TQ+2MWL—Q2W = —9V
16/, — 21, = 4
9!2 — 2}" — _9
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which. for determinants. arec

16/, — 2/, — 4
_ZJrl —+ gfz —_— _9
16 4_
_ _ _ _l_ _
o L — 2 — =2 of —144 + 8 —136
16 _2. 144 — 4 140
— 2 O
— —0.971 A

EXAMPLE 11 Find the current through the 10-Q resistor of the
network of Fig. 13.
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10 Q) Lipn =1

2 i

I I

I I

| 3 |

' I

1“ - ___Eﬂ—lr _______ - _Sﬂ —I—_ _3_+

_|_A‘M_ _|_W\'_

P [ f_ _______ |

_I_I |+ — | | T
15V === 1 230 ) ' 220
| Ly +' Ly
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I 80 +30) - BOL - (O =15V
irl: (TJQ 51() ZQ)E_GQ)II_(:}Q]E:D
irg: (SQ+ 100+ 50)]3 _(8 Q)Il _(:} Q]Ig:[]

117, — 8L, — 3L, = 15
105, — 31, — 5L, = 0
ZJIE — S-Il ._rl'fg =0
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C A B

A 117, — 35, — 8L =15
A —37, + 10, — 5L, =0
—Sfl - SIE -1 23_[3 — 0

Note that the coefficients of the A 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.
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—3 15
10 0
— 3 0

—3 —8&
10 —5
—5 23

= 1.220 A
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3- NODAL ANALYSIS (GENERAL APPROACH)

We will now employ Kirchhoff’s current law to develop a
method referred to as nodal analysis.

A node Is defined as a junction of two or more branches. If we
now define one node of any network as a reference (that Is, a
point of zero potential or ground), the remaining nodes of the
network will all have a fixed potential relative to this reference.
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For a network of N nodes, therefore, there will exist (N -1)
nodes with a fixed potential relative to the assigned reference

node. Equations relating these nodal voltages can be written by
applying Kirchhoff’s current law at each of the (N -1) nodes.

The nodal analysis method is applied as follows:

1. Determine the number of nodes within the network.
2. Pick a reference node, and label each remaining node
with a subscripted value of voltage: V,, V,, and so on.
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3. Apply Kirchhoff’s current law at each node except the
reference.

Assume that all unknown currents leave the node for each
application of Kirchhoff’s current law. In other words, for each
node, don’t be Influenced by the direction that an unknown
current for another node may have had. Each node iIs to be
treated as a separate entity, independent of the application of
Kirchhoff’s current law to the other nodes.
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0ly nodal analysis to the network of Fig. 14.

=Fig. 14
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Steps 1 and 2: The network has two nodes, as shown in Fig. 15.

4
R éﬁn
A
Rggl}:ﬂ IOIA
E™mm24V

. J.%'(ﬂ’\’) .
Fig. 15 Network with assigned nodes.

Solution:
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The lower node Is defined as the reference node at ground
potential (zero volts), and the other node as V,, the voltage
from node 1 to ground.

Step 3: 1, and |, are defined as leaving the node In Fig. 16, and
Kirchhoff’s current law Is applied as follows:

I:I1‘|'I2
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H - J,I;
R, =60 .
B Rzgllﬂ I@lA

= (0V)
Fig. 16 Applying Kirchhoff’s current law to the node V,.
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The current 1, Is related to the nodal voltage V, by Ohm’s law:

___J" I_}i"
I, = B 1
R, R,
The current 1, Is also determined by Ohm’s law as follows:
I,-?'
_.|i_r1 — 1
£q
With FR] =7V, —E

Substituting into the Kirchhoff’s current law equation:
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R, R,

and rearranging, we have

N E IIﬂ:V(L 1) E
R, R R R, R R
R, R, R

Substituting numerical values, we obtain
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Ifl(ﬁlﬂ : l;ﬂjz 254; +1A=4A+1A

2,
ril—\)=5A
1(4ﬂj

I’rl

20V

The currents |, and |, can then be determined using the

preceding equations:

,_Vi—E _20V—24V _ -4V
! R, 60 60

—0.667 A
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The minus sign indicates simply that the current I, has a
direction opposite to that appearing in Fig. 16.

7V, 20V
I, =—= = 1.667 A
R 120
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EXAMPLE 13 Determine the nodal voltages for the network of
Fig. 17. R,

Wy

12 ()

A
Do a0 sz (e

Fig. 17 L

Solution:
Steps 1 and 2: As indicated In Fig. 18.
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1 — VI

N

Reference

Fig. 18 Defining the nodes and applying Kirchhoff’s
current law to the node V;.
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Step 3: Included In Fig. 18 for the node V,. Applying
Kirchhoff’s current law:

4A =1 + L

Ad T =T W =T
R R, 20 120

Expanding and rearranging:

1 1 |
.-':r I .-":r —_ F
I‘(_:n 12&1) I (12&) A
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For node V, the currents are defined as in Fig. 19.

&,
I
M
=
| |
o
[
=
I
e
&,
|
Mo

N

Reference
Fig. 19 Applying Kirchhoft’s current law to the node V.,
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Applymg Kirchhoff’s current law:

U:IE‘|‘I*;+ Pi
/ - /
And BB By gL TR By
R, R 20 60

Expanding and rearranging:

1 1 1
7 + 7 ~-
I(12{1 Gllj Il(_unj A
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later reference):

1 1 1
% | %
1(12&1 Gﬂ] 1(12 n)

Producing %Pﬁ 112 I,
1 -II--“'FI I 3 ]}rz

12 12
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resulting In two equations and two unknowns (numbered for

1 1 1
7 | 2 = +.
I‘(zﬂ 121’1) 12(12.{1) A

—2A

+4
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And ji : 120
V= — = —— =+6V
17 -1 20
3

Then, ?Vl - Vg = 48

L T =

|748

-1 =24  -120
v, = - = =6V
- 20 20
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Since V; Is greater than V2, the current through R, passes from
V,to V,. Its value Is
-7, 6V-(-6V) 12V

I p— — — :—:1:&
EE) 12) 12)

The fact that V, Is positive results in a current I, from V, to
ground equal to

i Vey, Vi 6V s
LR, R, 20 7

3/19/2018 Doctor Sarmad Fawzi 106




Jo SN danglyisiill daglall

“ \’\ & s ~

5\ Ll dagaall SlagyiGllly 55lll daiaiy oaud |
2 - )

T Laser & Optoelectronics Eng. Department \_/

Finally, since V, Is negative, the current I, flows from ground to

V, and Is equal to

, Ve, Vo 6V Ca
R, R, 60
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On occasion there will be independent voltage sources In the
network to which nodal analysis Is to be applied. In such cases
we can convert the voltage source to a current source (if a
series resistor Is present) and proceed as before, or we can
Introduce the concept of a supernode and proceed as follows.

' v/ -y
- If;l
o\ &)
N A&
O —r
Yop e

Supernode
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1.Start as before and assign a nodal voltage to each
Independent node of the network, Including each
Independent voltage source as If It were a resistor or
current source.

2.Then mentally replace the independent voltage sources
with short-circuit equivalents, and

3/19/2018 Doctor Sarmad Fawzi 109



dnolpicasll dag ol

3. Apply Kirchhoff’s current Iaw to the defined nodes of
the network. Any node including the effect of elements tied
only to other nodes Is referred to as a supernode (since It has
an additional number of terms).

4.Finally, relate the defined nodes to the independent voltage

sources of the network, and solve for the nodal voltages.
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EXAMPLE 14 Determine the nodal voltages V, and V, of
Fig. 20 using the concept of a supernode.
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Solution: Replacing the independent voltage source of 12 V
with a short-circuit equivalent will result in the network of
Fig. 21.

Supernode
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The result Is a single supernode for which Kirchhoff’s current

law must be applied.
Be sure to leave the other defined nodes in place and use them to

define the currents from that region of the network.

In particular (in detail), note that the current I, will leave the
supernode at V, and then enter the same supernode at V,. It
must therefore appear twice when applying Kirchhoff’s
current law, as shown below:
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6A+I_; :Il '|'IE'|'4A'|'I3

Or I 4L, =6A-4A=2A

Then Zr o %5 _ 54
Rl RE

And Vl Vg
—L + 2 =24
40 20
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Relating the defined nodal voltages to the independent voltage
source, Jeiwall agall juac adayll gasall agall by

we have /.- V,=E=12V

which results In two equations and two unknowns:
025V, + 057, =2

V] — IVE =12
Substituting: JA1 Jss Ja
Vl — V’l + 12

0.25(V, + 12) + 0.5V, =
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And  (757,=2-3=-]

SO that. el 13¢]

—1

Vs = —=—1.333V
0.75

And Vi=l+12V==1335V+12V=+10.667V

The current of the network can then be determined as follows:
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L[| =—="—"""1=2667A
g R, 40

V, 1333V
Lt =—== = 0.667 A
21 R, 20

Vi=7, 10667V-(-1333V) 12V LV iy
10 {) 10 £ 100

Vo 10,667V

b
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A major requirement, however, Is that all voltage sources
must first be converted to current sources before the
procedure is applied. Note the parallelism J(libetween the
following four steps of application and those required for mesh
analysis.
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1. Choose a reference node and assign a subscripted voltage
label to the (N _ 1) remaining nodes of the network.

2. The number of equations required for a complete solution Is
equal to the number of subscripted voltages (N_1). Column 1
of each equation Is formed by summing the conductances
tied(connected) to the node of interest and multiplying the
result by that subscripted nodal voltage
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3. We must now consider the mutual terms that, as noted In
the preceding example, are always subtracted from the first
column. It 1s possible to have more than one mutual term
d yilis ~las if the nodal voltage of current interest has an
element in common with more than one other nodal voltage.
This will be demonstrated in an example to follow zFua s At
4ty Jia 4 &y Each mutual term is the product of the mutual
conductance J-bis & s and the other nodal voltage tied to that
conductance.
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4, The column to the right of the equallty sign 1s the algebraic
sum of the current sources tied to the node of iInterest. A
current source Is assigned a positive sign If it supplies current
to a node and a negative sign If it draws current from the node.
5. Solve the resulting simultaneous equations for the desired

voltages.

Let us now consider a few examples. ALY (s 8 oY1 Hlai b e
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EXAMPLE 15 Write the nodal equations for the network of
Fig. 22. R,

Wy

30

IIQEH R, <60 IIGEA Ry < 40

<
Fig. 22
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Solution:
Step 1: The figure is redrawn with assigned subscripted voltages
In Fig. 23. . ,;‘fﬁ "

3 Q)

A
(D) &Feo 2(D)sa wZeo

\Refelenca:
Fig. 23 Defining the nodes for the network.
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supplving current
to node 2

Sum of Mutual
conductances conductance
connected
to node 2

3 We can find V,; and V, by
Ly Ty using the determinants.
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L - R
EXAMPLE 16 Find the voltage across the 3-Q resistor of Fig.
24 by nodal analysis.

Wy Wy Wy

21} 6 () 10 Q)

38V 40 Vi =30 =1V
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Solution: Converting sources (fig. 25)

a a
0 0

<

=—F =R

o

gﬂs *dzi §Rs
= )=

fig. 25 Source conversion.
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and choosing nodes (Fig. 26), we have
v Vs
Wh

6 {)

n 10
HQ $:0 40 py3:0 3 Qm

= Reference
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1
V= (==, = +4A
- (5a)”

V>

|
I

_1
12 6
1 3

—— TV, + =V, = —0.
i+ ST 0.1
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resulting in &) 25 L

by multiplying the top equation by 30 and the bottom equation
by 30, we obtair 11V, — 2V, = +48
—5V, + 18V, = =3

And

-5 =3 —-33+2 7
V7, = Vg = S E s LT YR
11 -2 198 —10 188
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As demonstrated for J == s WSmesh analysis, nodal
analysis =1l Qs can also be a very useful technique for
solving networks with only one source.
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EXAMPLE 17 Using nodal analysis, determine the potential
across the 4-Q resistor in Fig. 27.

4 1)

D
L
Fig. 27
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Solution: The reference and four subscripted voltage levels
were chosen as shown in Fig. 28.

I’_1_

=20 C)SA =40

= (OV)

Lo FIg. 28 Defining the.nodes for the network.
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A moment of reflection should reveal Jelill (pe ddasl Caidss ) g
that for any difference In potential between V, and V,, the
current through and the potential drop across each 5-€2
resistor will be the same.

Therefore, V, Is simply a midvoltage level between V, and V,
and 1s known If V, and V, are available.

3/19/2018 Doctor Sarmad Fawzi 134



/N danglpissill daglall
s/ Laser & Optoelectronics Eng. Department J

We will therefore not include 1t in a nodal voltage and will
redraw the network as shown in Fig. 29. Understand, however,
that V, can be included if desired, although four nodal
voltages will result rather than ¢« ¥ the three to be obtained In
the solution of this problem.
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QXTI
2 2 () 2 20 v,

A

L

= (0V)
Fig. 29 Reducing the number of nodes for the network
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10 £}
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| [ [
. +ﬁ)V1—(m)Vg (mﬂ)Vg—O

1,1 | 1
: F— - (= - (=7 =3
2 (m m)V- (211)V‘ (zfz)V3 §

1 1,1 1 1\
'3 (mﬂ+zn+4n)V3 (zn)Vz (_mﬂ)V‘_

which are rewritten as « LS oic‘ oy Al
3/19/2018
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L——
L1V, — 0.57, — 0.175 =0
7y — 057, — 0.57; = 3

0.85V; =050, =01V, =10
For determinants,

xbxh H"ﬁh H"mx
LTK, — 057, — B1F;=0
N, "~ T~

—057 + 1% — 0575=3

" el .

daa gl daglall
iyl iliig yaalilly 5l sy e
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D .

= - e
- = .
T .
—0AFV, — 0.5V, + 085V, =
m = "'\-1 m __"-:| 1 [ .\_3
W LW W i YaY Wa) = — D e L
O] LJ] ZU Lo DoCtoT-Jartrac rawzl

S
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Before continuing, note the symmetry about the major

diagonal in the equation above. Recall a similar result for

mesh analysis.
Keep this thought in mind as a check on future applications

of nodal analysis.
Aliial) colandaill (e geai€ el s & jliie ) 8 s
(sl Jalail
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1.1 =03 0

—05 +1 3

—0.1 —0.5
VE- — F-‘-I:[]: — U1 ! 0 = 4,645V

1.1 =05 =01
—0.5 +1 —0.5 |
—-0.1 =05 +0.85

The next example has only one source applied to a ladder
network alw 4<ud
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EXAMPLE 18 Write the nodal equations and find the voltage
across the 2-Q resistor for the network of Fig. 30.

Wy Wy Wy

12 () 4 () 1 ()

T 240V §69 §6ﬂ §zﬂ

LI—W Fig. 30

- 9 ()
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Solution: The nodal voltages are chosen as shown In Fig. 31.

4 (] 11}

za.a(") §1:u §ﬁﬂ §5f1 §zu

Fig. 31 Converting the voltage source to a current
source and defining the nodes for the network.
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- [—=n+ o =2v
(e

1 ] ]
11:1)'?2 (411)F1 (111)F3_ﬂ
1 1

V. —[—I\i,+ 0 =0
zn) ? (11’1) .

And 0.5V, — 0.25F5 + 0

—025V; + %I@ — 17 =0

|
1
-

0 — 17> +15F:=0
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Note the symmetry present about the major axis. Application of
determinants reveals that

Vy = Vg = 10.667V
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BRIDGE NETWORKS
This section introduces the bridge network, a configuration that

has a multitude of applications. In the chapters to follow, it will
be employed in both dc and ac meters.

The bridge network may appear in one of the three forms as
Indicated In Fig. 32.
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Fig. 32 Various formats for a bridge network.
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et us examine the network of Fig. 33 using mesh and nodal
analysis.
R, §3 )

I

Fig. 33 S-tandard bridge configuration.
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Fig. 34 Assigning the

esh currents to the network.
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BA+4Q+20L-(AWL - 20, =20V
AO+50+20L- AW -(GOL=0
RO+50+10)E-Q20WL - (GOL =0
And of, — 41, — 2I; = 20
—4L, + 111, — 5L, = 0
21, — 5L+ 8L =0

with the result that
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I, = 2.667 A

I, = 2.667 A

The net current through the 5-Q resistor i1s
[so =1, —1;,=2.66TA—2.667TA=0A

Nodal analysis (Fig. 35) yields
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Fig. 35 Defining the nodal voltages for the network.
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| | 70
v, — % V; = - A

) : (411) : (2_(1) 3
| | 1 | |
(41’1 2 Q) 51’1,) ’ (41’1) : (ﬁﬂ) :

| 1 B
= (7q)7 - (5a) =
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1 1\,
(4 Q)VE - (2 ﬂ)“

1, 1 1 Ny
)V2+(SQ St T )V3—0
V=8V
Similarly, V,=2.667V and V, =2.667 V

and the voltage across the 5-Q resistor is
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Vo = 1y = V= 1667V - 2667V =0V

Since V., = 0V, we can insert a short in place of the bridge arm
without affecting the network behavior. (Certainly V = 1R = 1-(0)
=0V.)

Since V., = 0V, we can Insert a short in place of the bridge arm

without affecting the network behavior. (Certainly V = IR = |-(0)
=0V.)
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In Flg 36, a short circuit has replaced the resistor R, and the
voltage across R, IS to be determined.

R, é,a Q

Fig. 36 Substituting the short-circuit equivalent for the
balance arm of a balanced bridge.
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The network is redrawn in Fig. 37, and

R1£4£1 Rﬁgzﬂ
& 30
ET==20V %:1 %w rfm

=  Fig. 37 Redrawing the network.
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J_ 2Q10)20V
e = 0ot +@Q[20) + 30

2 . 2
< (20V) (20 V)
QI RN B »
576 333 (voltage divider rule)
. 2(20V) 40V -
" 2+a+9 15 %Y

as obtained earlier.
We found through mesh analysis that I., = 0 A, which has as Its
equivalent an open circuit as shown in Fig. 38 (a).
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(a) (b)
Fig. 38 Substituting the open-circuit equivalent for the

balance arm of a balanced.bridge.
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(Certainly | =V/R = O/(oo Q) = O A.) The voltage across the

resistor R, will again be determined and compared with the result

above.

The network Is redrawn after combining series elements, as

shown in Fig. 38 (b), and

y 60 I3M20V) 2 0020V)
6 Q30430 20+30

. 1 Q(8V) 8 WV
And 7., = — — 2.667V
12 1+ 20 3

3/19/2018 Doctor Sarmad Fawzi
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Y-A (T-w) AND A-Y (ﬂ'-T) CGN‘UERSIGNS

Circuit configurations are often encountered In which the
resistors do not appear to be in series or parallel. Under these
conditions, It may be necessary to convert the circuit from one
form to another to solve for any unknown quantities If mesh

or nodal analysis Is not applied.
Two circuit configurations that often account for these

difficulties are the wye (Y) and delta (A) configurations,
depicted L s=<(drawn) in Fig. 39(a).
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r.u;\‘/'n

(a)
Fig. 39 The Y (T) and A (=) configurations.
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They are also referred to as the tee (T) and pi (&), respectively,
as Indicated In Fig. 39 (b). Note that the pi Is actually an inverted

R, R,
e 23 33

s Fig. 39 The YDo(ﬁa@@d A (=) configurations.
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The purpose of this section iIs to develop the equations for
converting from A to Y, or vice versa gesa (sSall

In other words, In Fig.40, with terminals a, b, and ¢ held fast, If
the wye (Y) configuration were desired instead of the Inverted

delta (A) configuration, all that would be necessary Is a direct
application of the equations
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B R Ry
> R,+ Ry + R,

R.R

Rl: BAvC
R, + Rz + R,

R.R

Rg: AL
R, + Rz + R,

C
F19.40 Introducing the concept of A-Y or Y-A
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Note that each resistor of the Y Is equal to the product of the

resistors in the two closest branches of the A divided by the sum
of the resistors in the A.

- RiRy + RiR; + RyR,
C R;
Ri{R> + R{R; + Ry R;
R‘,i —
R,
RiRy + RiR3 + Ry R;
Rp =
R,
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Note that the value of each resistor of the A Is equal to the sum

of the possible product combinations of the resistances of the Y
divided by the resistance of the Y farthest 2% from the resistor

to be determined.
et us consider what would occur 1f all the values of a A or Y
were the same. If R, = Rz = R, Equation

B R4 Rp
1 Rr L Ry TR

would become (using R, only) the following:
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R, — R4Rp - R4R Ry E
3= = = — = —
R_‘.il + R B + RC R_‘.il + R_,i + R_{ ._1Rf1 2
and, following the same procedure,

R R
R, = —= R, = —=

3
In general, therefore,
_ Ry

ﬂ

2

Or | R, =3Ry

r1
2

Ry
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which indicates that for a Y of three equal resistors, the value of
each resistor of the A Is equal to three times the value of any
resistor of the Y.

The Y and the A will often appear as shown in Fig. 41. They are
then referred to as a tee (T) and a pi (&) network, respectively.
The equations used to convert from one form to the other are
exactly the same as those developed for the Y and A
transformation Jzs3.
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1

- .If:
N L
';:f-'lx___ S \\-}
¥ or 12

O =
2 =

O b2
O 2

é M 4 bl 6i rk 0C 59

(a) (b)
Fig. 41 The relationship between the Y and T configurations

shopzo and the A and-w-Configurations.
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bhe

a1

| Fig. 42
Solution: oo Rk 200)(10Q) 2000
CORHRpHR: 30042004100 60

3/19/2028 = == "Doctor Sarmad Fawzi
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R{Rc  (30Q)10Q) 3000

R, = — =50
° R4+ Rp+ Rc 60 () 60
B R.Rz  200)(3B0Q) 6000
R = R T Ry + Re 60 O "0 109
The equivalent network Is shown In Fig. 43
he

Fig. 43 The Y
r 300 equivalent for the
e : A.
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EXAMPLE 20 Convert the Y of Fig. 44 to a A.

bhe

ae

C &
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RiRy + RiR; + RHR;5
RA —
Ry
(60 )(60 Q) + (60 Q)60 Q) + (60 Q)60 Q)
60 ()

3600 ) + 3600 ) + 3600€) _ 10,800 )
60 00

180 2

'
||
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However, the three resistors for the Y are equal, permitting the
use of Eg. R, = 3Ry and yielding
= 3(60 (1) = 180 ()
And R =R.=1800Q
The equivalent network Is shown In Fig. 45.
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c

Fig. 45 The A equivalent for the Y.
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EXAMPLE 21 Find the total resistance of the network of Fig.
46, where R,=3 Q, Rz =3 Q,and R = 6 Q.

O
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Solution:

Two resistors of the A were equal;
therefore, two resistors of the Y will

be equal.
Rz R 3 02)(6 2 18 €2

R, = B _ = )( ) __ _ — 1.5 Q<—

Ry + Rg + Re 30+ 30 + 61 12
RE __ RJ{RE* _ - ﬂ)(ﬁ ﬂ) __ 18 ﬂ __ 1‘5 ﬂ &

R4 + Rp + Re 12 €} 12
R, = R4Rp __ (3 Q)(J 1) _ 951 — 0.75 O

R, + Rz + R, 12 O 12

Replacing the A by the Y, as shown In Fig. 47, yields
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Fig. 47 Substituting the Y equivalent for the bottom A.

3/19/2018 Doctor Sarmad Fawzi 178



Jor S\ danglyisiill daglall

' \'\ oo .. .. |
2| Lol ) dyyadl Slaigyialtly 55alll duwaiy gaud |
N

N Laser & Optoelectronics Eng. Department J

EXAMPLE 22 Find the total resistance of the network of Fig. 48.
O (1

9 ()

- > 6 () 6

d

90 910

M

c 6 () b
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Solutions: Since all the resistors of the A or Y are the same,

a. Converting the A to a Y. Note: When this iIs done, the
resulting d ' of the new Y will be the same as the point d shown
In the original figure, only because both systems are “balanced.”
That Is, the resistance In each branch of each system has the

same value:
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Fig..49 Converting the A configuration to a 'Y configuration.
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Fig. 50 Substituting the Y configuration for the converted
o A Into.the network.
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I A\

- | =

i}‘ Toms vu T -’.'-f

-/
IV oF 1\}}"

20)0O00) | _
= 3.2727 Q)
20+90

b. Converting the Y to a A: (Fig. 51)

Ry
Fig. 51 Substituting the converted Y
configuration into
the network.
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R, =3Ry=(3)9Q)=27()

(6 )27Q) _ 1620

6 + 270 33
RrRr+ Ry _ RP2R7 _ 2Ry

R,+ (R,+ R 3R ; 3

2(4.91291 D _ 25997 0

>

R, = = 4.9091 Q

Ry =

which checks with the previous solution.
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Please read and try understand in the first reference
(Chapter 8).

References:

1- Introductory Circuits Analysis, By Robert L. Boylestad,
Tenth (10t) Edition.

2- Schaum’s Outline of Theory and Problems of Basic
Circuit Analysis, By John O’Malley, Second (2nd) Edition.
3- Any reference that has a Direct Current Circuits Analysis

( D CQA) - DoctorSarma d Fawzi
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Thank you for listening
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