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Transfer function
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Transfer function

, jw/@Q

U = G w @+ wo?
>>Q=1;wg = 60;%Matlabcode

>>w = linspace(0.1,100,200);

>>H=(G*w. /Q) . /((G*w) .2 + j* w./Q + wd);

>>plot(w,abs(H)) ;plot(w,unwrap(angle(H))*180/pi);

100

HGw)|
l

w = 60; |[H| =1; £ =0° and w = 40; |H| = 0.02; £ = 88.8542°
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Kirchhoff's Laws in the Frequence Domain: KVL

Lets assuming that vy, vo...v,,,,represent voltages arourd a closed path in a
circuit.
KVL requires that

Ne

Z Vk(t) =0

k=1

We assume that the circuit is operating in a sinusoidal steady state
therefore

> Re{Vieet} =0
k=1

Factoring the term e/ from each term yields

f: Vj = 0.
k=1
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Kirchhoff's Laws in the Frequence Domain: KCL

A similar derivation applies to a set of sinusoidal currents (KCL). Thus if

Ne

> i(t)=0

k=1

We assume that the circuit is operating in a sinusoidal steady state
therefore

Z Re{le?)} =0
k=1

Factoring the term e/t from each term yields

Ne
Z Iy = 0.
k=1
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Question 1: Four branches terminates at a common node. The reference
direction of each branch current (i1, iz, i3, ia, is toward the node if

i1 = 100 cos(wt + 25°)A ir = 100 cos(wt + 145°)A

i3 = 100 cos(wt — 95°)A, find iz

Question 2:
- Vo
+ +
Vi Vs

vi(t) = 100 cos(wt + 30°)V vo(t) = 100sin(wt + 45°)V, find v3(t)
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The Passive Circuit Elements in the Frequency Domain

Resistors
R ir(t) R g
AN AN
+ . + —
VR(t) VR

From Ohm’s law, if the current in a resistor varies sinusoidally with time,
the voltage at the terminals of the resistor

v(t) = R Re{lret} = Re{RIge*}

Re{VgeMt} = Re{RIge}

from the properties of phasor

VR = R/R or /G = GVG

There is no phase shift between the current and voltage of resistor. The
signals of voltage and current are said to be in phase.
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The Passive Circuit Elements in the Frequency Domain

Capacitor
c 1/Cwj
lc(t) IC
+ — + < —
Vc(t) VC

Substituting the phasor representation of the current and phasor voltage at
the terminals of a capacitor into i = C%

; d Vet
Re{lceMt} = CM

dt
using the properties of phasor

dejwt
dt

Re{lceM} = Re{CVc } = Re{ CwV e}

we get
Ic = jwCV¢
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The Passive Circuit Elements in the Frequency Domain

Inductor
WL iL(t) WLM It
+ — + —
VL(t) V[_
Vi = jwlLl;

Independent voltage sources

Independent current sources

O
O

= =
© =

| = I,eandV = Ve’
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The Passive Circuit Elements in the Frequency Domain

lc = jwCVe = wCVcel?
Llc = ZLVe + %
The current leads the voltage across the terminals of a capacitor by 90°.
Vi = jwl = wlLi ez

LV =2l + %
The current lags the voltage by 90°.
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The Concept of Impedance and Admittance

The driving-point impedance of the one-port at the frequency w to be the
ratio of the port-voltage phasor V' and the input-current phasor / that is,

Z(jw) = TV

Z(jw) /
— b

+ -

Z represents the impedance of the circuit element

74
Z = = R+ X
R, is called resistance and X, is called reactance.
Note v i
Z = — = —
/ Y
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The Concept of Impedance and Admittance

Y represents the admittance of the circuit element

vV
Y= =6G+j8

G, is called conductance and B, is called susceptance.
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Element | Impedance | Reactance | Admintance | Susceptance
Resistor R - G -
Capacitor -j/wC -1/wC jwC wC
Inductor jwL wlL -j/wL -1/wL
+ + + +
Z(jw) R cgc
I / / /

Lets Z = |Z|e/? if § < 0, this impedance is Capacitive if # > 0 this
impedance is Inductive !
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Combining Impedance in Series and Parallel

Zi(w)  Z(w) Zn(jw)

-+ -

Impedances in series can be combined into a single impedance by simply
adding the individual impedances.

ZZZl—i-Zg—i-...—FZn

when they in parallel

admittances in parallel:

Y:Y1+Y2+...+Y,,

Spring, 2023
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RC and RL Circuits

\|
/l
m

_ Vs |, = Vs
T 1+ CRw T R+ Ljw

See: Also :

lc

Circuits>A/C Circuits>Caps w/ of Various Frequencies; Circuits>A/C Circuits>Inductors of Various Inductances;

Circuits>A/C Circuits>Inductors w/ of Various Frequencies
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http://lushprojects.com/circuitjs/circuitjs.html

R =100Q; L = 344.6mH; R, = 2009Q2; R3 = 100Q; C = 11.5uF; f = 80Hz

V¥
R1
L
Z1 = Ry + Ljw = 200/%0°Q
+
R>
Z> = R, = 20002
—
R3
—~C

Z3 = Ry + ¢, = 200e7°°°Q

|Zy| = 200, £Zy = 60°, |Zo| = 200, /Z, = 0°, | Z5| = 200, £/ Z5 = —60°,
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Current:

1Zy] = 200, /Z; = 60°, | Z,| = 200, £ Z, = 0°, |Z5| = 200, £/ Z5 = —60°,

Prof. Dr. Miistak E. Yalain (iTU) Circuit and System Analysis Spring, 2023


http://lushprojects.com/circuitjs/circuitjs.html

Mutual Inductance

- -
[ ] M [ ]
L L ¢1 = Llil + M’2
vt vy ¢2 = Loir + Miy
i
i
d11 d12
=Li— + M= — — > V; = Lijwh + Mjwl
vi=~L1— dt dar > Vi = Lywh + Mjwh
di di
vo = Ly d’: M# > Vo = Lyjwh + Mjwh
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Mutual Inductance

+ + $1 = L1 — Mip
1 M ¢2 = Laip — Miy

%1 V2
n . : ,
i Vi = Lijwh — Mjwl,
Y N V2 = szWIQ — MjW/l
Rg G X .
vy I I Lt i
// S \ i /
uGT W Ly Ly )M Cy UL\( Ry
T
L

Figure 2.1: Circuit diagram with capacitor C; in series with the coil on the primary
side. A voltage ug is applied to the primary circuit on the left, inducing a voltage
uy, in the secondary circuit on the right.
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Parallel Resonance Circuit

Find the solution for R =1/3Q, C = 1F, L = 1/2H, i(t) = cos(wt) in
SSA.

R+ jwl - W?RLC
- jwRL
JwRL
R — w2RLC + jwlL®
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Magnitude of V¢ (jw) is maximun when w = Jie !

0.35

0.3

Resonance

Resonance occurs at a particular resonance frequency when the imaginary
parts of impedances or admittances of circuit elements cancel each other.

w= % is the resonance frequency.
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Serial Resonance Circuit

1 .. RCw+j(LCw® —1)
Z—(m—i—R—l—ij)— Cor

if w= JO then Z = R.

R =10,L = 1H and C = 15uF then Wyesonans = 41Hz

Max=5 ¥ Mayss v
AC sogre Ag

v, and i, for @35Hz, @41Hz and ©45Hz
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http://lushprojects.com/circuitjs/circuitjs.html

Serial Resonance Circuit

_U_ ‘U| :LU’G—J'@ /
Z " izle” ~ 7]
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Serial Resonance Circuit

L_jWo LWo . . 1 1
= = V = —
Z(wo) U=—7U=QU, Vc Ciwo Z(wo)

V= U=-QU

wo resonance frequency and @ factor at resonance Q = % %

R = 10Q, 1009, 1k
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Parallel Resonance Circuit
Is (T) R —<C %L

At wy

Ic(jwo) = Is Y(jWO) =Is G :J/st

/L(jWO) = Is . ) - = ls . = _szQp

Qp factor at resonance
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IR

Find the impedance Z between the terminals:
1
Z=R+{Gw+-—}1=R
+{Gw + ij} +

,_ R—RLCW+ Ljw
- 1—LCw?
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,_R- RLCW? + Ljw
- 1— LCw?
For R=4kQ, C =2mF ve L =2mH

w = \/%T = 500 and then Z = *3* (open-circuit)!
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State equation:

d{Va]_[-r -t VC1+R%U
dt | i 9 i 0
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Using the state-equation

wede 17
V. 1 |
e=wal e L] E ]

Jw

RC

R, T
ic — W'+ =re

w
VR—U—VC—{l—le}U
c — W+ k¢

1 2
12w
ic — W't re

R(1— LCw?)

" Liw+ R(1 — LCw?) v

Prof. Dr. Mistak E. Yalgin (iTU) Circuit and System Analysis Spring, 2023



Using the The Concept of Impedance, lets find the Vg

V)
Ve = R=
R=7Z
B (1 - LCw?)
- Ljw + R(1 — LCw?)
—_1
What happen when w = JIe ?
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Sekil 7.2

vli 1 0 sin(0 .1 10) dc 0 ac 1
r 124k

1202m

c 20 2m

.control

ac lin 1000 .1 100

plot v(1,2)/4k

.endc

.end
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Example

w - = v(1.2)4k

2500

2450

2400

2350

2300

voltage.

2250

2200

2150

2100

2050

frequency  Hz

be Video: Example wi

two sources
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https://youtu.be/ZbvkNNrbkcY

Real Life Problem ! The non-ideal behavior of a capacitor is due to
imperfections within the capacitor's material that create resistance causing the
capacitor to dissipate energy.

REesr Lest

Rp

PS:red is ideal...

1 .
Z= RP//(W + Resr + Lesijw)

C= 10;LF, RESR == 1mQ, LESL = 6.33nL, RP = 100MQ.
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