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Basic of Electrical Engincering.

Wethods of +nalysis
Methods of Analysis

SOURCE CONVERSIONS
When applying the methods to be discussed, it may be necessary to convert a current source to a voltage

source, or a voltage source to a current source. This source conversion can be accomplished in much the
same manner as for dc circuits, except now we shall be dealing with phasors and impedances instead of just

real numbers and resistors.
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Example:
Convert the voltage source to a current source.

a Source conversion

:E: 100V £0° E =100V £ 0°
Z 50 /£53.13° N
=20A £ -53.13° I=20A /-53.13° 30
R< 30 z
, = 40
LS 40
Example: )

Convert the current source to a voltage source.

a a
O ZZ, (Xo 2 —90%)(X, £90°) T +
= E=120v 2 =00 (M

Lot —j Xe+j X
40290960 290°) 240 L0 z ,
—40+60 2 £ 90°
=12 Q / —9(° [Fig. 17.7(b)] I=10AZ 00°<T) XLét’vﬂ X?=4D »
E=1Z = (10 A 260°)(12 Q) £ —90°)
=120 V.L-30°
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MESH ANALYSIS
Example:

Using mesh analysis, find the current I,

;=20 J__YC =10
§R =4
E1=2VZO” t:=6¥'400
Solution:
Z1:+jXL:+j29 _ +
Z.=R=40Q ) e .
Z;=—jXc=-j1Q 1 3
E1 =2V 20° + Z, _
T =
J— O —
E,.=6V 20 E, T E,
— Ilv I2 L] —
+E; —LZ, - Z,(I, - I,) =0 —
—L(L-1,)-LZ; —E, =0
or El_ Ilzl - 1122 + 1222 = 0
_IZZZ + I]Zg — 1223 —2 Ez =0
so that I(Z, + Z,) - LZ, = E,

L(Z, + Z;) —1,Z, = —E,

which are rewritten as

WZ, + Z,) — LLZ, =E,
-1,Z, + L(Z, + Z5) =

|
|
5

Using determinants, we obtain
| E1 _2.2
_E2 Zg + 2.3
Zl + Zg _2,2
_Zg Zg + Z3
_ E(Z, +Z;) - E5Z,)
(Zy + Z5)(Zy + Z3) — (Zo)°
_ (E,—E)Z, + E/Z;s
7.2, + 7,7; + 7,Z;

11:

Substituting numerical values yields

RV-6VAY)+2V)Y—10)

I —
L (H2Q)@E Q)+ (H2O)(—20) + A Q)(—j2Q)
__ —16—j2 _ -16-j2 _ 16.12A £—172.87°
j8—j2—j4 2+j4 4.47 £63.43°

=3.61A £-236.30° or 3.61A ~£123.70°
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Example:

Using mesh analysis, find the current I,

6 ()

+
E, =8V Z 20°®

Solution:
Z, =R +jX;, =10+;2Q
Z,=R, — jXo=40—j8Q -
Z;=+jX,, =+j6Q Zl+ 7ZZ+ ;
E, =8V £20° o Sk
E,= 10V £0° i VT

=

L(Z,+Z,) - LZ,=E, + E,
L(Z, +7Z;) - 1,Z, = —E,

Il(Zl + Zz) - 12Z2 = El + E2
—LZ, + L(Z, +Z;) = —E,

Z,+7Z, E, +E,

I = -7, -E,
Y+ 7, <7,
_Zz 22 + Z3

—(Z, + Z,)E, + Z,(E, + E))
(Zy + )2y + L) — 13
7,E, — Z.E,
22 + 1,2 + 7.7,

- (40— j8MEBV £20°) — (1Q +,;20)(10V £0°
O+ 20)E0 -8+ (1QH20)(+6Q) + (4Q — 8O+ 6Q)
_ (4-j8)(7.52+ 7274 — (10 +;20)
20+ (j6 — 12) + (j 24 + 48)
_ (520 —/49.20) — (10 +20) _ 42.0 —j69.20 _ 80.95A £ —58.74°

56 + 7 30 56 +730  63.53 £28.18°
=1.27A £—-86.92°
NODAL ANALYSIS

Example
Determine the voltage across the inductor for the }?etwork .
1 2
My Wy
0.5k 2kQ

+
E 10 kQ =< 5kO =
12V 4O°® Ay % Xe T (D 4mA
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Wethods of +nalysis
Vv,
Zl
+
=
For the application of Kirchhoff’s current law to node Vi:
SL=31,
0=1+1L + I,
"Tl - E "Tl ‘371 - "Tz
+ + =0
Z, zZ, Z,
vl L 1] ([L]_E
7, 1. I | Zs Z,
For the application of Kirchhoff’s current law to node V5:
0= 13 + 14 +1
L A
7, 7,
Rearranging terms:
I LS S S B S
o 25 Z, Z;
Grouping equations:
v+ Ly Ly L -E
Zl Zg Zg, Z3 Zl
1 1 1
v —V,| = +=|=
7] 1z
1 | | 1 1 |
— + + == + + =25mS £—-2.29°
Z, 7, Z. 05kQ  j10kQ  2kQ -
1 1 1 1
_— — = + = (.53 .80°
7 T 7" 3k T Tska - 0530 mS £21.80
and
V,[2.5mS £—2.29°] — V,[0.5 mS £0°] = 24 mA £0°
V,[0.5 mS £0°] — V,[0.539 mS £21.80°] = 4 mA £0°
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with
24 mA £0° —0.5mS £0°
v = 4mA 20° —0.539 mS /21.80°
Y125 mS £ -2.29° —0.5mS £0°
0.5 mS £0° —0.539 mS £21.80°

(24 mA £0°)(—0.539 mS ~21.80°) + (0.5 mS £0°)(4 mA £0°)

- (2.5mS £—-2.29°)(—0.539 mS £21.80°) + (0.5mS 20°)(0.5mS 20°)
—12.94 X 107°V £21.80° + 2 X 10°°V £0°

—1.348 X 107° £19.51° + 0.25 X 107¢ £0°

—(12.01 +74.81) X 10°°V+2x10°°V

—(1.271 +0.45) X 107+ 0.25 X 10°°

—10.01V — 481V _ 11.106 V £—154.33°

—1.021 —;0.45 1.116 £—156.21°

V, =995V £1.88°

A-Y, Y-A CONVERSIONS

ZpZ
Z1 =
Z,+ 21z + Z-
1.7
Z,+ 71z + Z-
7.7
7Z,+ 71+ Z,
7.2, + 1.7, + 7,Z,
Z, = 7
)
7.7, +71,1; + 71,1,
Z,= 7
1
2.2, + 2.7 + 7,7,
ZC = Z
3

Remove Watermark Now
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Example:

Find the total impedance Zt of the network

(o3

—

Zr

Zp=—j4 Z,=-j4 Zo=3+j4
Z:Z. (—j 4GB Q+,/4Q)

2= Zo+Zy+Ze (4 +(—j4Q)+(BQ+,4Q)
_(4£-90°)(5 £53.13°) 20 £—36.87°
3—j4 5 £-—53.13°
=40 ,1613°=3840Q+,1.110Q
7. = YAV _ (=j4HEQ+;40)
L, Ly + L 5Q £—53.13°
=40 /16.13°=3840Q+;1.11Q
7. = (7 _ (=74 M)(—j4Q)
Y S S A 50 £-53.13°
= % =320 £-12687"=—=1920 —j2.56 Q)
Replace the A by the Y (Fig. 17.49): © ?’
Z,=3840+;1.110 Z,=3840+;1.11Q T Z

Z;=-1920-;2560Q 7,=20Q

ey
1 3

Impedances Z, and Z, are 1 series:

Ly =7, +2,=3840+;1110+20=584Q0+;1.110Q
=5.940Q £10.76°

Impedances Z, and Z; are 1n series:

Zr,=7,+Z;=384Q0+,1110+30=6840+,1.11Q °
=6.93 0 £9.22°

Impedances Z7, and Zr, are in parallel:

7.7, (5.94 Q 210.76°)(6.93 Q) 29.22°)
2z, = Zo +Z;, 5840+ 1110 +6840+,1110
41160 £19.98°  41.16 ) £19.98°

1268 +7222  12.87 £9.93°
= 3150+ 0560

3.198 Q2 £10.05°

Impedances Z; and Zr, are in series. Therefore,

Zr=7s+Zy = 19202560 +3.150Q + ;056 Q
T=1230-7200=2350 £ -5841°
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Tutorial
1-Write the mesh equations for the networks. Determine the current through the resistor Ru.
Ry
MW
g 1 Qé 10 200 200 100
é N § 20 1007=< +
10\ ZSO 60V £ 70° E; =40V £ 0° E =3V Z0°
an ma
@ i
60 R,
%
80 .
™~ 10 =20 E, =120V £ 120°

E, =60V £ 0° =100V £ 90°

2-Write the mesh equations for the network, and determine the current through the 10 kQ resistor.

20vVZ£0°
MW——("\
5\'400® gsm (D4um40°§mm
=
3-Write the mesh equations for the network, and determine the current through- the inductive element.

_IOVZO: 41O
O

+
6 mA £ 0° T V5§lkﬂ 0.1V, g6kﬂ

4- Determine the nodal voltages for the networks

2 ()

50

10 207~ CDI: = 5A/30°

=380

I, —3A40°<T> (l)l;—ﬁ,.xzsoo
40

I, = 0.6A 2 20°

IH—WW\—

It

i/ I\
I\ C o0

5Q 40 E;mn 40

E = 30V £50°

-
” 60 202 I = 0.04AZ£90° + EEIMI ZHEE ] I-08A270°
5 E - 50V 21200 (N\y
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5-Determine the current | for the networks

2(
) [_“A--)

12Q 12 Q)
90 9 ()

N, o
E - 120\’£0°®Z‘T AMy E - 60\«'40°®ZT MWV—]
A Yr \/ Yr 120 4
3
80 60 %'Q g“l

P
~






