ELECTRICAL CIRCUITS 2 - CLASS NO. 1 (04.03.2025)

& SINE WAVE 4(¥) - the instastancous value of $he signal
w@= tin- sin (wt + 9) U - the maximum value of he signal
0 te peak value 08 the Signal (amplitude)

the lettec symbol for the peak value of

on alternating  soutee voltage is Um (m £or maximum)
T - petiod 5]
8 - Siqueny [He] - the inveise of T, g
w- ongulge velocty [vad/s] - vadian pet second

w= ANg= :"f‘-g

q - phase angle or phase shifk

Umms - T0S Value (TOOf-mean | SQUQ‘@),‘H’@ eflective volue

Ny  Uw the tms value of & Sine wave of wltere
Uims lT(S,uG)di Ums =57 g 1@ of the peak velue

COMPLEX NUMBERS

¥ complex numbec can be Yepresenfed in dhe Lorm-
algevraic form (rectangulac fom): z= a+jb
Higonomelvic fowm ( plar fgim): z- ¢ (cos 0+ sin®)
exponentiol fom - 7= @it

% olgebraic (tectonquiar) form of complex aumber

Z=Q+jb

complex umbes have a tea part and an imagingy part

o a- teal gat (Re(2)) of complex tumber, Re (2]

o b - imaginay  padt of complex number, im{2]

o - imaginary unit (aumbe)  d*=-4, 3= {4 - squoe 100t 0f minus one
0

guaphical tepiesentation of complex mumber
o we use hovizonfal axis for the teal part a,,d vertical axis
o the imagingty  part

0 (= |z|= (at+bt - e absolde valie of complec mumber
(modulus)
0 (- acguwent of complex nunber  G=arc g3

im}




x Higonometic ( polac) Jom of complex number |

Z= 1 (0sq + jsin@)

T=W ‘f=awc+g-gj g:m}b:f(%JrJ-@
N

4) = ¢ (cos ¢+ jsin )
t -’q
% exponentigl fores of comples number R

z= 13 e cos @+ jsin 4

% comPlex conjugele of z

Z=0+)b Z':a-b
= 2 v(ws{-jsial)

;*: Ye'sq .b T s ‘

BASIC OPERATIONS ON COMPLEX NUMBERS
Ze=Qy+3bs  Za= Qo+ by

x sum_of complex aumbets

g:.Zi{'él = 01+:)61+ az+j62 = ajfag‘ +5 (61|+b.l)
fe m

we can add complex nu\mbefs giaphically
™

Zi= 314 o We move veclt 2 Jo dne end
= 1-34 08 veclor 24
Z4+Zz=lt-jl

¥ di¥feience 0% complex numbers

£=21-23 = Q1-04 +) (61-,61)
fe Im

% pioduct of Complex  number

Z= 2y = (Qy+ibe) ¥ (0#3(&) = Qg-Qy- brby + §(Qsby + 610,)
. | ._J. | )

Re Im




¥ division of complex nunbec

U . Ogtdbr (0300 (G360  QQutbeb | . bagy-Qab
Z T — = - 1 Uy » 1 a 'aﬂ 2
UAR (Qau. 2710 Q2"+ by Qo+ by
. 1 )
’ Re Im

0 e mulliply umecotor and denominafor Oy the conjugate 9f the dendmingtor

RESISTOR

x RQesistor, Resistance [Jll

L L I R
— -—b——m*“-
-« e
U Ua
n()= R-1(¥)

R -tesistance Tdl]

Ue=R-I
G - conductance sl

7 - impedance

Y - qdmittance

CAPACITOR

¥ Capacitor, Capacitance [¢]

) C I X

e | ey

‘,-.—-——
Uet) e

Xc - cagacitive teactance [
‘B¢ - capacitive  suscoptance [s]
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phasor  diagrem

¥ e Vollage acioss a vesisfance 18 in phase
with the cuttent

6= % Z=R

Ul i1ty U sinct
’ e st i(+):lmsin(w++%)

J

{4,
R

*z

A

W
X g @I
Z=-\% _y=“§fc‘jgc
uc= 2 Jildt U= %]

Wu = (fl[

G

q0°
U

phasor diagram

x° the voliage acioss a cgpacitor
lags the cutent by 30° (§)

Vi Yur 99°



INDUCTOR W), 1)

" A W)= Unsincb n
foe, Inductance | H | -
* lndzioo ) O%x [#] * ()= lmsin (05
iR g AX N s S
B ) W 0 | W J W > %9 ;
S < .
Uel¥) U s o N -
_ ductive  teactance [ _
X mduch.ve (¢ ) [ ool we e . y the voliage acl0sS
8, - inductive susceptance {51 . s e an inductor leads
< =45 ,Y’Z AXL IV ‘H\Q-CU“@”& by SOO(LQ
w@=L %'J(,j)‘ (=% 1 Yu=Y: +80°

PROBLEM #1
Cdlulale e equivalent impedance of he civcuit shoun 0 the figuee.

Xu=wli= 100-50-4073 < 54

Xia = wla® 20103400 = JOl
‘ 1

Xaz 4 oCa = 55— = 100

Cy

0 .
' 22, (5-310)(15+;20)
2= RasjXy= (10+35) SR i LA L e ) R )
2= i Xyy= (10+] B n 5015410 (10-3 #.5)
e RariXy = (15430000 Do Ut Zn= 40450757
PROBLEM #2

Calalole meter veadings in the citauit shoun in the figue.
a@®= 20T sio wt V, L=0.4H, Ri=40d, R=1000, §=50H,

U= o2 sin (+4)
U= theem (cos ¢+ 3sin )
=230  4-0°

(= 230 (cos 0°+3sin ©)
U =430 (4+03)- 930 v

Qs 100, o500, Rz 45, La=50mH, La™ 200nH, Co=nF, =100 3



X, wl= A8l = 9-344-50-0.9= 61,834
Z=04 0+ R= 61.833+ L0+100 = (140 62.23)) L
3- U .20

e (132-063)h o= 11|= [T Coed)*'-[4.58 |

U= (Rua3%)- T = (40+ 62.837)(4.29-064) = (33.96+ 64.37;) V vL=]qL|=

e R+ 400 (435-06t3) (133 613) v Wo- [W-[142 98 V)
Sz (h1%= 10(19+ 0.613\=%+ ﬁimn P aeilgﬂls

¢ Q

PROBLEM #3

In the Citcuit Shown in the ?igum, the wesistor R has dhe maximum pover Pr= 8
Check if his 1s endagh Jor the cotiect opeiation of this 3Ystom. p =
V= b £60°V, Razld, Xia= 6, R3= 8, Xe3= o)

V= 4 (c 60°+ jsin 60°)= (42 +} 20.9846)V

LR i%u) - I (X9) = V
-5 ( ('))(Lg_) ¥ ___I.j («3*3)(19.' JX@):O

=G ) (wie) I- (§6) I = 19+490.9846
-(6) I+ (350)=0

)6 )6
-6 842

-
-

= (446)( 8+2)- (-)6)(-16) = 314)8+)48-12+36= 56456

336 49+1)20.98%

e
-6 0

o (4438)-0- (-36)- (124 20.9846) == 14494+ 72

Wi b7 1435694 =g
. _m_(o,menm ) la=

3= Ry Tp= §£0.1906 4] 19563) = (3.968+] 4h.0505 v
< s T3= (3.9648+;4h.0505)- (0.4306 4.9563) = %6.668 v o Peyzle[3]=26.658 U > &U
The Ttesishe has Too lou maxitum  (Ouer.
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Method 4 (ohms Lau, KeL kL)

Z1=Re= bl
1= g= J6ull
2= B3~ jXe32(8-3 4 )b
B -2 :
G 22 680 (a4 at) )

22423 1643~ & -
Zeg = 2+ Zus= h+ 4,9353 4} 4, 84 12= (8.2383 +; 4wl

Tys Y 11+)20.3846
= Za gy il T = (24849 + 1.2418)A

Uin= Zo3- T= (62353 +) 4.9u42)-(1.1848+j 1.2428)= (3 2604+ 15.333)V

=48 (3260448598 (04305 +;47563)

2-3 8*&‘4
Us= fa-Is = 8 (-0.4906 4] 17563) = (- 39648 +)44.0505) V'

S= s I = (-3.9648 +) 4.0505): (-0.4906 - § 13563) = 46468 VA

Pry- RefS1= 6448 U > 81
The vesislor Ra hes Too 102 maxinum  foger.

PROBLEM #4 | (this problem was not solved during the class)

The citcuit as shoun w the figuie has been piotected by @ 64 overcurient citcuit bieaker. Check +hat
it (il ensute continuous opetation of this ciruit When supplied with a sing vQve Voltage o 4V yms.

Q1= A, Xia= A, Re= A, Xea= b, Ra=4id, Xia= 60

| ' u=44V
| (7] 5, Ca D Q= A
L Zy= Rt 3¥iaz(d43)
0 Ly Zy= Ry-3Xca 4y Xia= 4 - LIA ¥ 63%‘&*3,‘)) L

\ Zn= 28 (24 (41)
o— Bz T (2.38+1.03y) L

Z= Z+2n= ]+ 138+ 108 (3.38+ 1.08)) 0
Jb
1= ~33g41.08; = (6.44- 2.05)# 'I=|I_|=(6.l4141+(—,,'1_05)1l s > 6
The cutent 00 Qn overouvient Citcuit bteaker is oo low.
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