


Exam Topics

Equivalent impedance calculation;
Nodal or mesh analysis using Phasors;
Thévenin’s Theorem using Phasors;
Diodes

Capacitor or Inductor
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1.Equivalent Impedance Calculation

Time-domain Frequency-domain
R R
A"AAY ° ° A 'AAY
L Zl_: L
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1.Equivalent Impedance Calculation

We have an inductor and capacitor in series:

s 100uF

At @ =10"rads™, the impedance of the inductor is|Z, = jowl = j50Q |and the

impedance of the capacitor 1s [Zi: 1/ joC =— le] Thus the series

combination 1s equivalentto Z, =Z, +Z. = j50— jl= j49 Q:

j49 O

)
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1.Equivalent Impedance Calculation

In rectangular form an impedance 1s represented by:

Z=R+jX

The real part, R, is termed the resistive component, or resistance. The
imaginary component, X, including sign, but excluding j, is termed the reactive
component, or reactance. The impedance 100 £—60°C) 1n rectangular form 1s

50 — j86.6 €2. Thus, 1ts resistance 1s 50 Q and its reactance 1s —86.6 ().

It 1s important to note that the resistive component of the impedance 1s not

necessarily equal to the resistance of the resistor which 1s present in the circuit.
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1.Equivalent Impedance Calculation

Phasor Representations

Phasors can be represented in four different ways:

l’ ‘1‘
| _ polar form |
: X= XH}A¢ |
i X=X e}' ¢ exponential form i
1 m »
X = Xm (COS ¢ + ]sm ¢) trigonometric form i
i X=ag+ jb rectangular form i
Rectangular to Polar form Polar to Rectangular form
X, =+a%+ b? a=X,cos o
b=X,sin¢

b
0= arctan;
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1.Equivalent Impedance Calculation

x(t):@cos(a)tJr@) & X=A4e® = A/B
amphtude < magntude

phase < angle
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1.Equivalent Impedance Calculation

i) 15kQ 1kQ

=40co0s(3000t-90)
= 40co0s(3000t-pi/2)

Z =jwlL
Zc =1/(jwC) = -j/(wC)
The impedances of the inductor and capacitor, determined at @ =3000 rad/s,

are J1KQ and —J2K Q , respectively.

[ 15kO 1 kO
VM VN sin(x) = cos(90° — x)=cos(x — 90°)
40/-90° V(@ JlkQ == 2kO
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1.Equivalent Impedance Calculation

i) 15kQ 1kQ

The impedances of the inductor and capacitor, determined at @ =3000 rad/s,
are J1KQ and —J2K Q , respectively.

[ 15kO 1 kQ
zﬂq=1.5+—(ﬂxl_ﬂ]=1.5+ﬂ
Jl+1- 52 -/
40/-90° V(@ JIkQ T 52kQ s 201t 143
1—j 1+ 2
=24+ j1.5=2.5,36.9° kO
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2. Nodal or mesh analysis using Phasors

40 mF
| | ,
n 1L, v
2H
cos(5¢) A @ 50 —— 1H 2100 (D 0.5sin (5¢) A
20 mE = 0.5c0s(5t-90)
= 0.5cos(5t-pi/2

Z =jwlL
L=

Zc = 1(juC) = -J/(wC)

50
| | .
A
AL L, .
100
1@;16) so —— 7 50 2100 GDG.S-QG“A
100
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2. Nodal or mesh analysis using Phasors

50
| | .
T A
g‘—l/'\’\) | =
100
1@;16) %5{1 — 50 2100 GDG.S-QG“A
100

At the left node. we apply KCL and I=V/Z:

Vl_l_ Vi +V1_V2+V1_V2:

- _ - 14+ 70
5 —jI10 — 75 710
At the right node:
v, __V‘ P E T P S S —(—70.5)

— 75 710 75 10
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11-2 NODE VOLTAGE ANALYSIS (COMPLEX VERSION)

]5 Q
2. Redraw the circuit and analysis it as Iy E - g V. I
e e .- . ) Vl 2 °
if it is a DC resistive circuit. — & — o
Use node voltage analysis to izl i4l i6"1OQ _\l b 110
solve this circuit 1/0° AGD §SQ — / :g Jj5Q §IOQ GD 0.5/.90° A
-710Q ~
We have 2 nodes, therefore we need 2 equations. . o .
Reference node V=0
Apply KCL at the left node: Current_In = Current_Out
V. V. V=V, V-V . .
=iy tis=iy+ig+is+i; mp 1.00=—4—> 42 2,71 2 m{(0.2+,02)V; —j0.1V, =1
5 —j10 —Jj5 j10

Apply KCL at the right node:
V - VZ V]_ - VZ

1, |7 , . .
i5+i6=i7+i8=i7+i9+i10 # 0.5= —900+—= ! . + . ——Zq ]01V1+(01_]01)V2=105
10 —Jj5 j10 j5

ig +i10 == i5 + i6 - i7
Use Cramers Rule (the matrix method) to solve the
equation set:

C—
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11-2 NODE VOLTAGE ANALYSIS (COMPLEX VERSION)

(0.2 + jO.2)V, — jO.1V, = 1
—j0.1V, + (0.1 — jO.1)V, = jO.5

Use Cramer s Rule (the matrix method) to solve the equation set:

1 — 0.1 J
__ljos (oa-joaf 0.1-j0.1-0.05 _005-j01_
'T02+,502)  —j01 | 002-002+ 00240024001 o005 7
-j0.1  (0.1-,0.1
‘(0.2+ j02) 1 ‘
—j0.1 0.5 - : -
V, = J J _ O.1+]O.l+‘]0.1=_2+j4V
0.05 0.05
Convert to polar form Convert to time-domain
V =5/-63.4° V ()—\/gcos(St—634°)V
V, =245/116.6° V )=25cos(5: +116.6°)

C—
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3. Thévenin’s Theorem using Phasors

A generator, V, =100V RMS, supplies power to a load which 1s connected between terminals

A and B in the circuit below. |Tutorial11,Qu.2

04Q  j0.8Q
T A
20 0.5Q
vV load
£
100 /0° V j50 J1Q| ——

o B

Calculate the current and voltage across the load
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3. Thévenin’s Theorem using Phasors

Simplify the circuit be applying Thévenin's Theorem to terminals A and B:

Z, A
—L—}—
B

The Thévenin voltage V, is the open-circuit voltage. Using the voltage divider rule

we ge.f:

2+ j5 . 5.385/68.20°

P L = 22T L 100£0° = 85.79.20.678° V
ST 24+ )58 6.277.267.52°

Setting the independent voltage source to zero, looking into terminals A and B we
see two impedances in parallel:

-32+j3.6  4.817431.6°
24+ 5.8  6.277267.52°
=0.7673264.08° Q2 = 03350 + j0.6904 Q2

Z. =(0.4+ j0.8)| (2+ j5)=
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3. Thévenin’s Theorem using Phasors

The equivalent circuit is now:

Z,
—|:|—T A
0.5Q
v (;L) load
1Q
> B
The load current is then given by Ohm's Law:
I, - V. 85.79.£0.678° _ 85.7920.678° _96.33.,21.02° A

Z,+Z, 03350+ /0.6904+05—; 0.8905.-2034°

The voltage between terminals A and B is given by Ohms' Law:

V, =Z,1, =(0.5- j)x96.33221.02° = 1.1184 - 63.43°x 96.33.£21.02°
=107.7£-4241°V =79.52— j72.64V
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4. Diodes

R
M MA o
n 50 Q 22 kQ +
Vi ’\) IN4148 Y Vo
6¢c0s(100077) = Ch. 1
& o
Function Generator
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4. Diodes

Consider the circuit shown below: |Week8 Tutorial, Qu.2

O u O

o +
V:’ @ RL Vo
o o

Assume that the diode can be modelled using the “constant voltage drop model”

with e, =0.7 V.
Given that v,(¢)=>5sin(5002) V and load resistance R, =1kQ:
(a) Plot v, (t) and v, (t) on the same graph.

(b)  What is the peak load current?
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4. Diodes

1. Hlaf-wave Rectifier
2. Limiting circuits
3. Zener regulator circuit
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5. Capacitor or Inductor

vy Suppose‘ the voltage Vi shown below is applied to a 100 mF capacitor

a. Find the current through the capacitor versus time and plot it
b. Find the power delivered to the capacitor over time and plot it.

V. (v)
r
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5. Capacitor or Inductor

e B
5 o o ‘<o
““‘W:C-‘*"":?‘“ﬁ-o :iw% oc kb 42
DA\x 2= 2¢t <A o 2 k<A
A-_
oAy 2-0B) At ¢S AL A <t LS
S_A
AP EsS \ 0 T35
JI\L{ {ﬁj
25 L

UTS:ENGINEERING AND " I =eng.uts.edu.au
INFORMATION TECHNOLOGY il | |

it.uts.gdu.au


130937
Pencil


5. Capacitor or Inductor

P.(W)

62.5 |

P=i(t)* v(t)

625 ¥
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11-6 MAXIMUM POWER TRANSFER (COMPLEX VERSION) R,

In pure resistive circuit, maximum Power Transfer occurs when the resistive value of the
load is equal in value to that of the voltage source's internal resistance (R, =R,) allowing -
v

maximum power to be supplied. Ry

2
The maximum power received by the load is P,= 4%’ which is half of the total power
t

generated by the source.

In comple circuit, how to adjust a load impedance Z, to extract the maximum average power from a two-terminal
circuit? (Note Z, is the inner impedance or Thevenin equivalent impedance. )

1) If the load can take on any complex value, maximum power transfer is attained R +jX
for a load impedance equal to the complex conjugate of the Thévenin impedance.

2) If the load is required to be a pure resistance, maximum power transfer is
attained for a load resistance equal to the magnitude of the Thévenin impedance. R+ X

— — 2 2
Zioaa = 1Ze =VR*+ X \/m

VLUTS-




11-6 MAXIMUM POWER TRANSFER (COMPLEX VERSION)

Note that the power should be a pure real number. Only resistance can receive power. Reactance (capacitance and
inductance) does not take power. The average AC power on capacitors and inductors are always 0. With the AC source,
the capacitors and inductors keep charging and discharging, thus the energy comes and goes away but no real energy is

consumed.
The maximum power delivered on the load is only determined by the effective RMS current and the resistance of the

impedance:

) R, if load is a complex impedance
Prax = IrmsRioaa  Where Rioaa = | |7, if load is a pure resistive load

e

C—
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