ECE 215
Lecture — 7 Date: 22.08.2017

* Phasors
* AC Circuits: Impedance and Admittance, Kirchoff’s
Laws, Phase Shifter



Phasors (contd.)

As a complex quantity, a phasor may be expressed in rectangular form, polar
form, or exponential form.

v(t) =V, cos(wf + ¢) = V = Vm&

(Time-domain (Phasor-domain
representation) representation)

Phasor domain is also called frequency domain
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The differences between v(t) and V should be understood:

1. v(t) is the instantaneous or time domain representation, while V is the
frequency or phasor domain representation.
2. v(t)is time dependent, while V is not.

3. v(t) is always real with no complex term, while V is generally complex.



Example—8: If fi¢)=cos¢ +jsing, show that ) =e"’’.

Example —9:  Find the phasors corresponding to the following signals:
(a) v(t) =21 cos(41-157)V
(b) i(t)=-8 sin(10f + 70° ) mA
(c)v(t) =120 sin (10 -50°) V
(d) i(t) = -60 cos(30f + 10° ) mA

Example — 10: Obtain the sinusoids corresponding to each of the following phasors:
@)V, =60/15°V. o =1
(b)V, =6+38V, @ =40
()1, =28 7™ A o =377
(I, =-05-j12A. & =10°

Example — 11: Simplify the following:

(a) fir) = 5 cos(2f + 15¢°) — 4sm(27 -30°)
(b) g(¥) = 8 sint + 4 cos(f + 50°)

©) h(f) = j;(locosalm +50sin 407)d



Example — 12: Using phas{:us determine #(7) in the following equations:
(a) 2? +3i(t) = 4cos(2t —45°)
{

(b) 10jf dr+§+6f(r) =5cos(5/+22°)

Phasor Relationships for Circuit Elements
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If the current through a resistor R is i = I,,(coswt +
@), then the voltage across it is given by Ohm’s law as:

o
V=IR

. voltage-current relation for the resistor in the phasor

domain continues to be Ohm’s law

For the inductor L, assume current i = [,,,(coswt +
@), then the voltage across it is:
di

v ::LTE:: —wLl,, sin(wt + @)
.

\_’ v = wLl, cos(wf + ¢ + 90°)



Phasor Relationships for Circuit Elements
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U — {ULLH cos(wt + {.f} + U{}OJ : :
V = Ll "™ = wLl,e/"e™ = wLl,, /¢ + 90°

V = jowLl the voltage has a magnitude of "1
wLl,, and a phase of ¢. The v \
\_/ voltage and current are 90° out of I
phase. Specifically, the current lags B
the voltage by 90°. 0 ' .
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the current leads the voltage

o o | by 90°. ¢

dt 0 Re



Example — 13

What is the instantaneous voltage across a 2uF capacitor when the current
through itis i = 4sin(10°t + 25°)A?

Example — 14

A voltage v(t) = 100cos(60t + 20°)V is applied to a parallel combination of a
40kQ resistor and a 50uF capacitor. Find the steady-state currents through the
resistor and the capacitor.

Example — 15

A series RLC circuit has R =80 Q, L = 240mH, and C = 5mF. If the input voltage is
v(t) = 100 cos(2t), find the current flowing through the circuit.



Impedance and Admittance r\

, o ,_ I V \ \Y I
e weknow: V=Rl V=jwll V=-— — =R, — = joL, — =T
JoC I | . JwC
V=171

e we express Ohm’s law in phasor form: Z = i

where Z is a frequency-dependent quantity known as impedance,
measured in ohms. It is the ratio of the phasor voltage V to the phasor
current I, measured in Q.

/ N7, = joL and Ze = —j/aC

* For w = 0(i.e., dc sources): Z; = 0 and Z, — 0.
 the inductor acts like a short circuit, while the

capacitor acts like an open circuit.

* For w — oofi.e., high frequencies): Z; - coand Z, = 0.
* the inductor acts like an open circuit, while the capacitor acts like a short circuit.

* complex quantity 7 =R + jX o) 7 = |Z| /0 /_\

cos®, X = |Z|sin® 7l - VT X2 6 — tan—!

= | B

R=|Z




Impedance and Admittance

It is sometimes (parallel circuits) convenient to work with the reciprocal of
impedance, known as admittance (Y).

) R

= / “TRIx
?:_:_ F— - H +‘k
Y=7=5 mmm) Y =G + B

X
R? + X?

Example -1

A linear network has a current input 4cos(wt + 20°)A and a voltage output
10cos(wt + 110°)V. Determine the associated impedance.

Example — 2

Example -3
What value of w will cause the forced Find current i in this circuit,
response v, in this circuit to be zero? when v, (t) = 50c0s200t V.
20
AW —2— 10 Q 5 mF
5 mF ==+ H

50 cos wt V Ci) - :% v, v Ci) g 20 mH




Example -4 2k 100 mH

A 2118
Find current i in this circuit, whel
vs(t) = 60cos(200t — 10°) V. v (@ §1m 10 uF = § [ kO
Example -5 Example — 6
Determine the admittance Y for
this circuit. Find current i in this circuit.

o _t..., 50 5 mF
v ANV I
— 4Q 3 j8Q =/ —j10Q

§ 31 / 6cos2000V (1) 40 210 mH 3Q
O

Kirchoff’s Laws

e cannot do circuit analysis in the frequency domain without Kirchhoff’s current and
voltage laws.

* Therefore, need to express them in the frequency domain.



Kirchoff’s Laws

For KVL, let v4, V5, ... ....., U, are the voltages around a closed loop.

U + ) + 0+ v, = 0 :> le cos(wt + 9]} + sz cos(w! + 92}
t o+ Vi, cos(of +6,) =0

Re{ V””f’jﬂlf’jwrj _|._ Re{ Vﬂ.rzfjjﬂz EJ.-'F‘{U'F] _|_ i _|_ Re{‘(fﬂuifijgrrfijmf} — l[:I u

rﬂ FH"; "HH . f -
\ / Re[{vml‘f?j '+ Vnﬂ'fJJ a e Vﬂmf’j :Ilf";m] = ()

- RE[{‘?] + ‘Vz + -+ ‘*T_ﬂ]f’jw:] = () :> ‘vl + Vz + ot ‘fn =0

Kirchhoff’s voltage law holds for phasors.

Similarly, one can prove that Kirchhoff’s current law holds in the frequency domain

Impedance Combinations

T
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eq

This is similar to the series connection of resistances.




Impedance Combinations

I Z,
—_— \Ir Zl ZE
N = Vi=——V V,=——V
. i, 7, + 7, Yz, + 7, 27, + 7,
v Y v, D 2
voltage-division relationship
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IG) v Z, Z,
— V = [Zeq = I,Zl - IEZQ
Z, Z,
I = 7 +2Z, " I, = Z +7, I the current-division principle.



L
Example B 7 200 < 2 j10Q
For this circuit, calculate Z;and V- 60/90°v (£) k ﬂ
—5Q Sy
~ | P
Example -9 z,
Find the  equivalent Example -8

impedance of this circuit. Find the equivalent admittance

© T Y., of this circuit.
10 Q f
l) — 510 Q 28 1S —j3 S —2 S
e T O—AWW, ANN— T 11D
| A
L - < i 1. <
'} L —j5 Q -
[ - o
Zcq -
Phase Shifter
* A phase-shifting circuit is used for correcting undesirable phase shift present in
a circuit.

* |tis also used for the creation of desired phase shifts.
* RCand RL circuits are extremely useful for this purpose.



Phase Shifter A

I C
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o —) N\
_.-;+ '\ t
_ B gl h
o Phase shift
the circuit current | leads the applied voltage the amount of phase shift
by some phase angle 8, where 0 < 6 < 90° depends on the values of
depending on the values of R and C. R, C, and the operating
X frequency.
Z =R+ jXc H=t:|n_l?{; q Y

* These simple single stage RC circuits are generally not used in practice.

 These RC circuits also work as voltage dividers. Therefore, as the phase shift
approaches 90° the output voltage approaches zero. For this reason, these
simple RC circuits are used only when small amounts of phase shift are
required.

* For large phase shifts, the RC networks are cascaded. This provides a total
phase shift equal to the sum of the individual phase shifts.



Example - 10 50

ATATAVAY

For this RC circuit:
(a) Calculate the phase shift at 2 MHz. 20 nF == V,

(b) Find the frequency where the phase —
shift is 45°.

-~ + 0O

O

Example -11

A coil with impedance 8 + j6 Q is connected in series with a capacitive reactance X.
The series combination is connected in parallel with a resistor R. Given that the
equivalent impedance of the resulting circuit is 520° Q, find the value of R and X.

Example — 12 0<R<100Q

50 Q

Consider this phase-shifting circuit.

(a) V, when R is maximum
(b) V, when R is minimum
(c) the value of R that will produce a phase
shift of 45¢, o




