Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
Semester 2
Electrical Engineering Fundamentals AC
Lecturer: Dr. Tarik Raoof Al-Khateeb

Module Title: Fundamental of Electrical Engineering (AC)

Module Code: UOMU024021

Week 7, and Week 8

Week 7:
Series-Parallel AC Network

The combination of RLC circuits contains current divider or voltage divider. The
current through each parallel branch depends on the load. The voltage through
each parallel branch is equal potential.

EXAMPLE 1 : Using the current divider rule, find the current through each

parallel branch.

R 4
MWA—T00"
I; = SAL 30 1) 8 ()
—-———————— oo —
X
|(
I\
2 ()
Solutions:
I, =2l Q0 £-90°)5A £30°) _ 10A£—60
B Lo Tus j2Q+1Q+,80Q 1 +,/6
_10AZ£-60°

= 1.644 A £ —140.54°

"~ 6.083 £80.54

Zpdr (10 +80)5 A £30°

 Zpy + Z, 6.08 ) 2. 80.54°
(8.06 £82.87°)(5 A430%) 40.30A 211287
6.08 £.80.54 6.083 £.80.54°

= 6.625 A £32.33°
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Series-Parallel AC Networks examples:
EXAMPLE 1: For the network shown below.

a. Calculate Z;.
b. Determine I..
Calculate V; and V-

0

d. Find I.
Yo =
o
M- =k
. K Ie 20
M )
ol [PV 5 X
Z 0
E=120VZ0 @ 3Q

Solutions:
a)

E=120VZ0
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Z:=Z, +Z
Z,=R20°=1Q £0°
(Xe £—-90°)(X, £90°) _ (20 £—90°)3 Q £90°)

L=l ="y v ix —/20+/30Q
_6QL0°_6QL0° (o oo
il 1 290°
Zr=Z,+Z,=10—j60Q = 6.08Q 2 —80.54°
b)
E _ __JOVZO" _ _ 19944 78054

L=—=
Y Zr 6.08 Q) £ —80.54°

c)
Ve =LZ, = (19.74 A £80.54°)(1 Q2 £0°) = 19.74 V L80.54°

Ve=LZ, = (19.74 A £80.54°)(6 ) £—90°)
= 118.44V £ —9.46°
d)

Ve 11844V £—9.46°
I.=—S= = 5922 A /80.54°
s 20 £-90° a

EXAMPLE 2: For the network shown below.

a. If I'1s 50 A £30°, calculate I, using the current divider rule.

b. Repeat part (a) for I..
¢. Verify Kirchhoff’s current law at one node.

14 Ly
R 3()

: T80
R0
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Solutions:
a)

Z,=R+jX,=3Q+,40Q=5Q £53.13°
Z,=—jX.=—80=80Q2-90°
Z1 (80 £-90°)(50A £30°) 400 £ —60°

b Z,+Z, (—j8Q)+(3Q+j4Q)  3-—j4
400 2 —60°
= = 80A ~—6.87°
5/ -53.13°
b)
Lo Zd_ (5Q/5313)S0A £30°) _ 250 £83.13°
L, + 7, 50 £—53.13° 5/-53.13°
— 50 A £136.26°
c)
l - Il + Iz

50A £30°=80A 2—6.87° + 50 A £136.26°
= (79.43 — j9.57) + (—36.12 + j 34.57)
= 4331 +;25.0

S0A £30° = 50A £30° (checks)

Email: Tarik.Raoof.Hasan@uomus.edu.iq


mailto:Tarik.Raoof.Hasan@uomus.edu.iq

Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
Semester 2
Electrical Engineering Fundamentals AC
Lecturer: Dr. Tarik Raoof Al-Khateeb

EXAMPLE 3: For the network shown below .

a. Calculate the voltage V. using the voltage divider rule.
b. Calculate the current I..

R
MWy

Tl., 50

' .
-\'ng E@zo VZ£20° Xe TN 1202V,

Solutions:
a)

_ Z,E (12Q £-90°)20V £20°) 240V £—70°
Z,+7Z, 58 =712 80 13.£2.—67.38°
= 1846V £ -2.62°
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b)
E 20V £20°
[ =—="—"""S_=25A/-70°
Y Zs 80 290°
E 20V £20°

E = = = 1.54 A £87.38°
2 " 2 130 £—6138° ;
L=IL+L

25A £—70°+ 1.54 A £87.38°
= (0.86 —j 2.35) + (0.07 + j 1.54)
I, =093 ;081 = 1.23A £ —41.05°

Methods of Analysis (AC):
EXAMPLE 1 : Convert the voltage source to a current source.

Source conversion

E =100V £ 0°

Solutions:
- E 100V £0°
7 5Q253.13°

= 20A L-53.13°
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EXAMPLE 2: Convert the current source to a voltage source.

a

T:l
E =120V 2 -30°("\y

Z

I=10A Z 60 CT) xtésn =410
&

l Oq'
Solutions:
7 — 27, . (Xe £-90°)X; £90°)
ZC T ZL _,/ XC + ./ XL
(4029060 £90°) 240 L 0°
—4Q+;60 2 /£ 90°
=12 ) £-90°

E=1Z=(10A £60°)(12 Q £-90°)
=120 V£L-30°

EXAMPLE 3: Using the general approach to mesh analysis, find the current 11 in the network
shown below .
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1 =20 -J—.\-(. =1Q
>
SR=40
- +
E; =2V E, =6V Z£0
Solutions :
-— .
7= w g 2. \
z, iz o
T Z, -
.+. B!
E, =7 E,
= Ly Ly —

Z,=+jX, = +j2Q E,=2VZ0°
Z\=R=4Q Eg_

Z;=—jXc=—j1Q

I
(o)}
<
N
<

ll(Zl + Z:) — ]221 p— El
L(Z, +Z;) - 1,Z, = —E,

|
L

L(Z, +Z,) - 1LZ,
-1,Z, + IL(Z, + Z5)

—-E,
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E, —Z>
I - l,_*l‘::, 7, + Z_;|
'z, + 2, —Z,
| _Z_‘ z.‘ 2 = ZaI
E(Z> + Z;) — ENZ>)
(Zy + ZNZs + Zy) — (Z)
(E; — E)Z> + E\Z,
B Pg v Ta s + ZaZi
¥ (2V—6V)(4Q)+(2V)(—jlﬂ)
L (H2Q)@ )+ (H2Q)(—20) + @ Q)(—j2Q)
- ~10==] 2 » —16 —j 2 - 16.12 A £—172.87°
j8—j2—-j4 2+j4 4.47 £63.43°

=3.61 A £-236.30° or 3.61 A £123.70°

EXAMPLE 4: Write the mesh currents for the network having a dependent voltage source.

Solutions:
E,-LR —-R(I,-1,)=0
R(L =)+ pV, —LR; =0 V.= — LR,

E,-LR -RI-L)=0
R(L 1)+ puR(I, — L) —LR; =0
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Week 8:
Methods of Analysis (AC) Network :
Different network “Nodal Equations” for the network having a dependent current source.

EXAMPLE 5: Write the nodal equations for the network having a dependent current source

shown below.
R, R;
MWy MWy
0.5 k() 2k0

+
—— - 0 e .._—' - P =
ey 40'@ -h%l k0 Xe PS5k <l>4m 5

Solutions:

By
®
oy
()
o

Email: Tarik.Raoof.Hasan@uomus.edu.iq

10


mailto:Tarik.Raoof.Hasan@uomus.edu.iq

Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
Semester 2
Electrical Engineering Fundamentals AC
Lecturer: Dr. Tarik Raoof Al-Khateeb

EXAMPLE 6 : Using superposition, find the current I through the 6 € resistor shown in the
network below.

I
500 AWy

;=60 | R=60

E, = 20V Z 30 @ I, 2AL0° R Xe=

o0
-
~—

Solutions:

Z,=j6Q Z,=6-j8Q
Z, Z,
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__ 4L, __ gemeAa  _
LH+Zs Jj6+60—i88 6—j2
12A £90°

6.32 £ —1843°

I'=19A £10843°

j12A

z, z,

.

III — & - El — 2OV 4300
Zr Z:+Z, 6320/—1843°

= 3.16A £4843°

I=T+I"

1.9A £108.43° + 3.16 A £48.43°
=(—0.60A +;1.80A) + (2.10A +j2.36 A)
= 1.50A +j4.16A

I=442A £70.2°

EXAMPLE 7 : Find the Thévenin equivalent circuit for the network external to resistor R for
the network shown below.

E=10V.20°

evenm
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Solutions:

(>)
S,
b

Thévenin

O

1‘[;’1

7

O
ZZ, (82 'l 16Q
Z,+Z, j8Q-j2Q j6 6 £90°
=2.67Q L-90°

Ly =

z, 0

‘ l
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Z.E 6 =
Epn = Z, + 7, (voltage divider rule)
(= 20)(10V) —j20V
= = =3.33V £L-180°
80-j20 . je = o3V<L

Zp = 2.67Q £-90°

-

Ep = 333V Z -180° @ R

i

Xe=2670

+
Ep =333V Z -180° @ R

EXAMPLE 8: Determine the Norton equivalent circuit for the network external to the 6 Q
resistor for the network shown below.

6 ()

Norton
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Solutions:

O

- Norton
Z, =R +jX;=3Q0+40 =50 £53.13°
Z,=—jXe=—j50Q
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Zl O
()]
zZ, i
o}
O
7. — Z\Z, _ (50Q4£53.13°)(50Q£-90°) _ 25Q £—-36.87°
N2+ Z, 30+40-50 3—51

25Q £ —36.87°
- —7910/-18.44°=750Q — j2.50 O
3.16 Z —18.43° J

A o

Iy= 4AZ — 53.13 Zy R§651

O

R
Iy=4AZ 53.13<T> RL§6Q

&
2
h
.
O
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