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:‘.W"‘;q‘r -
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e

%Je—h ave 3 _diffe (enl_ways to_cal cubte RMS Values:-

LBy _using_the geneml eguation g

—

ok 2
A A

L rfl!j_i_%:t_wgm’g_)z + oo &— » we Use +hig

'V‘)E’n-f. wf

2. Sa.me_f&ggsu.c_ﬁ_—a_é_dﬂ_ﬂ'jn_y ms_ have different(w)_

Examv|€S: Calculate’ ![qys and_ Vims

a5 -l-({Cos_(‘-it) = V(4)

Va l3_=_5_-Lo_= 5

L&L(F’ D‘S-t&’ = f33

b) V() = 3Ces (7T) 4+ Y sin- (&L).

3¢os (Xt) + £ 4 (__L_.p_.!._%p (_?.I-t.J_)

3 (o @H_a_zizm (@L)_.__pﬁmmyuj

g2
. J2 3 V2 (2 "
LG e T ——
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€) U(#)_=10_+ 3cos (1ot) + Y cos(lot -120)

L 0. 3l0 o 4[-120

Vavg=_10 = lox 3.6/-22.9°
= 10+ 3.6 cos (lot = 73.97)

Vews_= \/_UD.JL_(_%_Q}; = 00.%

d) b Cos (25%) + Y sin (25t +30)
6 COJ_LZ_B_fFJﬂ_Qo J_( 28k - 8a)

Blo .+ Yl-60° - 8.7 [-23"

= 8.7 cos (25t -23)

Pava;-_o
RMS = B.2 - £152
L P
€) U(#) = 2 + 3 cos (100f) + Y cos (oot -129 7% .
3]0 4 Y[t2e - ;| -73
Y e 2 . .
T e 3,24
(1 + i g - 2
n ( 5)
24
—_—
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K powel  caleul aﬁeh_??

P=VI _ , plt)= V(O) () __, Tnstwtenuous_power
(t) = Vi Cosf(wt) +6) I, Cos{wt+q)
/ cp

/ / # CosA COj_B_z___al'._[_Cgf_(A;B)_-b_C.QL(_Aﬂ.)J—h—a‘@%—

[

{ \fU_{ﬂ = Vm CoS(wt+0)
\\[m):_rm_.co;.(ﬂe;t@.l

— 8. B =P(t)=  VUnIm ¢os(0-@)+ VinIm Cof (2wWt+8+ Q)
(e St { __/) NS (,——-—’/

Iplg ——
(..f-)—T'L constant Function
. Double (W) .
o x — (2w,
o tioe s g = 1§ 0 At
T o
.
P avg—= _!r Jr VMIM_COS¢(-U¢_6.—_@_)_+_\&IH_CQ.S.(.2NEL&L(PM
. 3 2 —2

|
{K \ m___&vs = Vi Im CO_,S__(_B_;-_(P__)J._ A’LQQSLPM,.AC.&IE&.RQ&LC
2 _ ¢ 2 Real, Power—

('l’fuc)

{

; Vem ;_?_Mm—lﬁms..:_h

l NZ (F
Vm.s_@m 54‘[". =-_JI_I, ms

2 (Vems @) 4 (Teng IF)  cos (- @) cocd
/?'/ ( e

—

%@ ) I?qu_z‘-_vms_lfm;*@.iée;(‘a .y y\.-l.”__aln_h_ﬁj 9P

. - —1 Sl s Vg

W) watt )52 |
\ uwa )

]

22 '
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Ex: ph) =2 + 10 cos (5ot)

w=? a0 = Duy

Z W =_25_( _Yad /s

*_Apperant _power :-

r‘

=5 = |S| = Voo = Vow Tew (VA
Camplex = VO IFATC I eI S
Povi

L bl (0) ) e o o5

% _Power _factor :-

( Eva_;_&pp_*_l’; ;\

W
Ep.__._:_Co_S_(_.g{__f}
..
2-Ve .V |e-9° Topedentl &%, 0 &
e 177 B %o, am
Gg :
Qs PE=cos(0-9) <
6 _cos (+90)=0 oo pure Regstive
cos (90) — _pure Inductive 0 cos (o) =1
Cas(=90) — p41% capacitive | & 6=~ In_phase.

¥

B.(6-9) — @ Inductive — laaging P

m_(ﬁ_-_q?l—s.@_mmeﬁ\&__._\iwlfr@_ﬂﬁ_

28
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Ll.{’nr_Pare R

F COSLB*@)-.’].—?F TV:L'P
' Lﬂn}.: v“‘zr“'! ‘._P..,,A'n
]
L 2 2
Vi = Im»R s Poak_wvalug
2R :

2 Vons Irms = Papp

L’—-ﬁﬂLR — = I rm—*—R—-—'b—R M5

pure ¢

P / -ﬁr Pua_ﬂuchncd — Puve |

(6-9) = &Jo_ .

farg_(capacitor, induclor) = Zero w PR %Y
| 'PF = 0
; Pape_= Vems Liug—= V...z.l' 3

A ofgnl) &GO Vs (Le) e

lJ(g,‘_,’_bf‘- do (ol 5T B byl e 45 ) RN mn o (R) %

E&.’LE.:.S._QS_,_!;;’@LLO_:A_,_E&: d -average_power.

V= 2wy = 3Y4.99[60.92°

//'::\——.——

fa ﬁj‘@;tf_cgj@ = CP_) - _—

-

2 Y0.00

e e

—
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v,

™
A

' 7d
Ex: U(t) = Y eog 116[;_{- Find Py, Pog
Ex 218 . - Jelt.3)

) 2l?./ = 2|-6 A _, L(fJ_a-y-é-:u)
' "= 2aos. (ZFt=6o)

Bf =V .7t = Ycess ;!'L'é__,_ans (,tt— dp)

6&:% — Cof A cos B - _.L_(a_j_(.AJ_B’_LLCQL(_A 31}

= k- q_CDJ_(_.:'_-‘E..'E‘;ESQ_)_i-_"LCOS_(_So)
{

//1 Pmlﬂ ( hc;uf_'d'j'_umfani_]_

"4

P-wa = Yeos(go) = 2 w

i

OR___% Vi rh__Lo;_(.L_CP)

= Y¥2" cos (O-"6o)

o

e — e = — ~ —
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<<_ Thevenin _and_MNorton 3>

_ 8 u!'h_:’- V( 0. t.) ] v, _';__._IN_ET}‘_...___.__._._RL = Qﬂ.
g Iy= T(s.c) ¥ Ty Vi P 4o get max_
Ren pawer
2 . 1Ry,
e! % i Lol bosie G Al e Jass J
. (R4 =R, )
=
Zn |
V-H. ol Yo MG l____.mal Iu '?' ZN

* ﬁ.gﬁ.@uimuﬁm__‘?o wer -

—

@*chmj_!g afe

Z—L——;—Z‘fﬁ? Zz X pd W
o Xodw
2 = e
= Prax=f Ul for pak
he & g Ry,
+he 73
l{;j 7 Plnu - I_I_I_RL
Pmu_a_l_%h’a.; A $or (Pes) 2

= R [ty - |a,)
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EA,:_EQJ._(_Z;,)_tq_,g .et_mﬁx_powtr‘_,_g‘nu.m

+— VY =
—4/-‘—: b izo (L Nel)
h
?ml&_¢ “-: T : J'q—): o
*
| S0l 2 = 2,
O— kil _aff the gources e Y=
V-S = S.c [ _ _I?
c.s _, o.c 5; 4 £1o
Zeq — ((6452}4_’/-.'}&;) x 10
i i
Zm = Teq = (2.4 .2 A, = 12.8 |-H.9F

\Z2m | =

Zoz 2o =12.4+i2.2
= 12,8447,
YV} [gw_{ RL — o, b

-—Zc._dl}«_ﬂl Pl V12a] o V9.8 »
) N doad Resistor
e _ #——Viiﬂf)—%ihge_djvmbn :
Vrp__= . -‘3 u . 30 |20
j M 4 6+32

H,;_L"\Lf -31.5Z

2 9 :
TR LY I ) NPT I
€ Ry, € * 124

oMttt Ble pemmy ol

g 32
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JOn) s @

A
Ex: FmLZ,,_,__P_on__max_&r_Zc )R Bns— R B,

Yo -)3e
-f_ ¥ o .
R /A
\5o |39 e
£ US.'nJ Valtage divisien ¥
J \_/D
apen
v cifent
Vit = 156/38  » J20 - (Thevinen)
. ] - Q
j2e+to3e f_f‘.fg,? v
) + 1
Un,= 72.76[134° 150 252 Von 5 92V
|U|-|.[ - : >

¥ fo calcylate the 2Zu,

we el H)E Uaf’f‘age Sayurce - @ S.C

Ztn=_ (Yo-33e) /20 = 9412 4 § 22.35

Re, Y

O 2. = F - QY12 —§22 3 A )\

: \
@ Prm.x..:- ‘V'”'" = ._('72 76 )2 = 2.3 w /’

A 8 Ry, & (9.412) /

@ R‘f__; l Z.‘»hl = 2 q. 2_5 v I ZH_'_.':_ZL{ -25 ’670 N
'» e
li @ Pr;g;‘___.": _ZL_'_'I lz RL -
L r—-1
i - > N RS
E I = V'P_Lln = ,L§ lloe.5 s
| Z B Gepaee (G | R
f \T( o bolal eir k

= .l (1.8)% (24.35) A gla W& .

¥ Ly plley
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cH 1.5

<< _complex power >

c.-nfler

®© Wi, —S—&_LI&:L_CQS (_e_£P )+ d Vms_Irn ;_SJD_(-Q CP—)—-—

LVA)
n.uﬂ_(__ﬂcnl) Q {Imaginary).
:" 8_Pag - RelS3}
# a Q In IS Y-
@ .S_:__,Euz&_-}._;j_q 5 Qq-_-,-._ﬁemshue_f.o_wff
Ry = active power
@ I S: V(m; I{‘mt , 6 _CQ (f_-'_ﬁﬂ:_!_g'ﬂ’ )
,_ConyH gate.
@ _S,F__Vm S—I-(r:t
(ggm 5 O KT S TR
Ex:| /= 5]2 J_P nd__the complex power?
J_pull! .(‘ o x

I —3 2 l 50 rﬂj
Rms g 3

!Irm;).yj‘_ﬁusl ;‘;__UP“\—Valuer
S-5[20 »2 |50 Valt s
Amperg
— I | l?"a VA 4 - .
(] S - VA
o 55 I.S_l_ﬁpp_s,_V.L

J___,)l \_;_,,)-9\\ odab\ x I m_PQ.VS_-r-J w
e Q" VAR |
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{'Ni.llju;lv.-])’

7= Reactive  Power #£ g Sl wQ
Sourze N
Re;ci%’L\
Q)= u‘mu-ﬂns_ﬁm_(_e;CP_)__,__VAﬂ_M_a_
CVon Amps
—(Gilllegiy Q= VinIn sin (6-9) Ronen\ie
l/nll{l! o

= Q Loe PUre R.:-

9':'@ = 6'0-6

Sin (0) -0

@ab_S;_f?uvﬁ#ﬁv_:_emus = Venlrm ;_-.-_ﬁp p—

, Q for pure €, L :-

Q-CP= + Yo

pure L

Sin(0-d) Sin (290) = £\

——=puve C

Q_C_=_V (m f—If-ﬁ‘s—*s ln-(-—_‘I .OJ_:_.-_L/n ms-lf-‘m g

j! . Dk ;)Mm:_.rfme,

Se s © = \Newms Lims

/M

S g T s { Y ‘)-a« T
Z

o I-u _
35
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Example : _Find _complex power far all elements:-

I + U La

Ad

€ o 5

1000 (5 == (£) jieo

-2

—_— Us.‘n%_nmigj_gm lysis_:
v

: R2' Kcl @ nodeA:

|
V—I?O{_g .V i V - J1oo - 53.4 L‘IZ-Sé
£+ 34 -J10 5 v-J

I,= Joo-Vv - 9.8[-649-Y4 A

E+JyY

Iy Qwo-V - 15)216 A

5
> B ID1°R - 05%5) - 5625,
2 2.

55_=_546_2_L5_'!'_J__O VA

1

VI

| copacdey Je=1,+3,=- 535)1322 A

i = VMIPI* - 5;-"{!"‘2-“ L wsing-?
=Jio e e
- 2

= 0.J142.4 VA
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Nt L 11, 1% R = 1 (1.8)%(8) . 288.5 VA

%

s VI© o 3192.2 VA
2

Seen = UT" - (1001a) (9.8164.44.)

s 2

Swez 215 4+ J442.3 VA gen erated

(source)
Sions (1008 ) (15021216 )

B 2

Siio=_ 63.8.4 —j392.3 VA generated

2 R

~disipated

2 By = & Ry,

SQy- 7 Q4

L&ﬂ_can_’f_ium_up Pape
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et e ]

cc‘{'

_ Exemplei= A series RLC st with a sowre

vadue of  U(#) = 100 sin(26t-120°) V

and _((t)= 5sin (20t - Yo' ) A, £ Xe=13

;l'no(,'.
1 The value of the Resistance
2. The wulue of the Cﬁ&c_if!uf_ﬁegc@c_f-___
B (X))
V: \da I —‘20° -
1. 5-Yo~
ZE’.«!Ir = U__ = 20 |_7_8_’0°
e A
2ol-8" = R+j (X, -Xc)
)

2423 -§19.2 = R+ 3 (1-2 -X.)

(D s & R: _3-"4:3_,3__..!\_1

-\9.Z = 1 5 YC

3ol

Capacitive Reactance,

—

wec

i
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— ()] sigusoidad Sou ree  su ep.lu_'_e,J‘_LoJL\_/éﬁ_fvmef o

.2 = 25 o____ N‘C:"Q

i
| é,

A._The compley Power- iy .

B. The ,o_mh__viljlgﬂ_ig__u . T
-~ Gz bl
Q;=_V.ﬂhslxm ;JJ.Q..(_Q - CPD
Ik = Vims Tems sin (2325)
Vems Tems = 10.35 Kk = Papp

nganpnpp_LB: ik Cos @t,
| = 10.75 K & cos(#5) = 2628.2

A: 5(9:»0'03 Poutsy = 267287 4+ jlow V_ZA
1 B . . i, T )

(2 -6y .2+3241.48 5
e

|

| Pua=TR _,T. 9l

= [Sl= Vo T
y2

1035256 = VY (91) -y V= 2.9 25 Ky

2

Scanned with CamScanner



e St

P""S L=®

5 5
Ex: Load Z._opefatin 3_41‘ ‘Soﬁu\:,o-gJaaﬂ ing_P F
find_the_Wlue of parulle] capacifor to yuise

PF +o_095.
iy (de  cafacitor opd "
| N\ s -1 N 230 Vims :
i < Z, T c
whe e O = 3+ o '.
= Z (= -
ey
= S = VI |cosPE— leadinColf" 9
B o i ot s L o
; PF -
0F G the Sok |ccsod5 . Soh |cesed . Y
__ Zife~C6S5) 0.8

parale| capacitol

2 The puver suony 56 +316-Y3 R = 56« j3ZE K + I
o e e Sc= )16.M3K - U325k = _ j21.07 KUA

is the same becuuse
we use fl% = £0)

Se=VI¥ . _i2l.o2n
» we_calculated Hhe Id= 292007k - Y N-6A - 96]1-%
complex Powel for 230 g
{C}_Sa we_cun _cakulate de s 11.6 Uo A
the curred that passes
J,L'Q._.a}. it _then ¢
{ .
e:'cq_::_";m;_uz_f{_\_/_ Le s Ve w S0 o ' = = Jwc
! Te qepre OVC
X = 2.5 = | ::(C= loss MF &
L= wC. = L—-'_\._.-"—\—-———-_____—-—-—.._

% if we waat o vaise # 1€ _we want ko decrease

PF we U(uﬂa_q.c[cl the PF we either add
a_patalle| capacilerr 4. a pavallel_induchr e
4o the cireuct. 0r_a_sevies capacitir, -

—

Yo

e
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# RESOMGL<F_ﬂ$u£nLﬂ_( W, ) : x:’ ?' :

| )
% PF=1 _ . pure Cemfance._a—_:rhe am#r::m?msuj
c-nct < lu- ha
Zey= Reg 4+ Xof S
Zq=_8¢e} , XQ?’:.D .# »)0: ‘[r_,b
_L_;JE__%L’J)__C.;AM Q ;‘LDJ = Wy
Raal 0 Upadly oo 32y )
_[EJJ_-QL__R.,—L,_C_—;-(AS‘QDEL)
ofk Find the Value of Ecsmanf Ppmenc% ?
| /Lﬁni.ﬂ-e_vglmei(w_)_tmpa o ity PE1
CHRAICY: .
. i @ F-£ o © 2= Real
B PF-1
. |
Zeg = R;ij *c
': A - fmlsl_lfﬂ.
| = R+ J[wi - W]
#_fb#?_fov_ict PF=1 .
Inmﬂinﬂ.ﬁﬂ = Jeve & 6"? :hn- wlL - l//wc
y Lgnm L. w = w, R
———{MM@ L wl -l o PE=Cos(B-d)-= ...
Spbeslal
(W) —> Wo — ! \
' Vlc J

Resonant gmc&l

¢
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[Ex._for R L, c (@sParullel).) el

(Y) oty 5

(admithnce )

a:ui-_ﬂ‘_‘..’ 3
/ N s RS

_C&&L)_dilmﬂ-g :, S
f Wo - I 7 PF=1 ‘—L‘d
/ L,;X) J L€ [ \ Ilﬂdﬁmm’a[ = Zeo

—

—— Ex:Find_Resonant frequency 2

}

é&-l—.dwl.\ //. olwc wL(g } i._LC
_PF-_J

TMagioady = Zen Yea,, = ' +
hﬂ.n_,\.:uf/ Y swe Jwl +R
o
c.,s-\)..—w—’“—"’”"" : '
——-wr-emlkl«"‘" Joox B

+_d WL_—_L__W )____.__

et Jrt t;; Ez:l- i 1 R+ wit?
dsb s 2202 Nao
W — W, Ima_al.mﬂg — Zexo
3 f L = R C
J 12¢
Teg- R
* A

Y2
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—ch:n &< Poly phase 77

' ?-—Ph:, :

| - Q%2 () voro /\

E-AV-:‘ \
/

-,I: Q ])_, _VP’JQ-Q O_ \

— > sl
EY load. (\

R T T A soutes-» A (Defa)

260 oG elo sl . AN M
———

4 \ 5

N+ AP Pl A TP e (L Wlf 8,95 £ 250)
. " )24 ( 380°
____b*.u.m-e__ sl ). s
f:l g T = o
1205 O q__ga,,,, . ['2 120
ol _a o g 21
120 5o (e L _
<l
+120° .
P e S e P o e e
} | =

I
I
1
| ' . . ;
- l ._:...::glﬂ-hd z yl_r \.)\ -

el
{ - Ba 3{;
: (l) /)__4_,__% f/: s9stem,

2\ ; . .

GouTRe—T N L W'l

paf ™ :
] J conmn eChaf') "
a - ] 5 o).
| |
! | :
| =1 - —ylaad part,
- —— _— - o — e ——
¥t Conneclions 3- ——
Frwr-t bl loqul

G-V VK A~ WAV

9
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F single_phase - 3 wites_system. Ft

(A fia g ) oy,
g QqQ _I-hA +ansm,ss ion A

| 7 ling T d

l ! | .

; / oA

e (&) 2

- VA,_’J

:I"‘.“.J / -I-."N Neutra] N .-.u_fo“ﬂ-ﬂ-"__ﬁaa -c_[:‘_,_.>_-:‘-
'0\4( a“ ( . Aioas ' _)\‘h*u"“d € 5aip ..pr
S e @ [ CORE S e
[ v I_ drang misscon
L = yine < B _
ey Tgp——(by B 5o M ol )
' €4au 3
Yms_Values
=

\ _# Bounced surtem.

Ia,g = V“"l_ ) — lAL(;caJ!_"l’_‘l.Q_S_:jSif_m_bﬂfanc_ecL
i / s when all_the

Ié!b = ._l_/'"b ’_. imp_ed.ﬂﬂLES_af_E_C_q,_haJ_._
Ze / i this ex—s_(Z, = 22)

I"W-= — IB -1 —ia cr._b.a'jncmL _\'qﬂ‘em +he

. Gy zen (s,

& I thiS example 5 T éz—l—a .

la _~If ¢ 2P SR
.94 nced 6\;,,;_9 [ﬁz w{_ﬂ
(wc Fermne, %L g . T=2yel® - Velo

the neutval - 27 3
line). - .
b
E 44
/l-'_-

i

Scanned with CamScanner



| Example: Find_ totul power delivered +o_loads
powel &y loss , input_power (genefating)

tﬁ&g‘mﬂca.

s SRR, S a & :._.f; ,{

15V, J:,D -
n w{ /? N I:\ 320
N ol O
“5_V(.._., lé—) '! oo 3 310
Ol power Delivered #-+ ¥ i IJ
the loadl ¢ [ i

Using _mesh_analysis: % laaals.

17, +50 (1, -3)+ 3(T,-T3) = 1510 ..@O
S50 (I, -T,)+(20+310)T; + 100 (T3-I3)-0 ..0)
3(I3-1,)4100(IyeTz)+ 1Ty = U510 .3

_._q’ejﬂﬁ\*u-b\-iﬂ‘ﬁ,\'—\;ﬁrb*& = TI,=1.24]- 19.82 A
3ol g cadees L= 9.3 F-9% S
_Valhziy en Ao I, - 10.37]-21-8 A,
=0 (] (2).power losg
.-’—Lr—___-\'\ Z 2 /
@,—=—lll;I—LlJ— p.-a—llr’ (1) Toosmissiond_gs logGl &
P = 206 w = 126w and newtn] |meg
: 3Tl ) \\‘”55‘?‘\‘“’%::—
le: !Il'Izl R = 3w P4

g - = (1w \e-lrzg’m
)\| ( ( = 108w

magl'l. lliul{ /_PxL-—l—J-] "J

’“ = 1763w .‘__pl‘ass---"'--z3~'?-“‘J ———-_—_:
Ploul = Pouh’“f ‘j;i
R. 2086w 3
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@ 1 npu'f'_ﬁa_vy_cf

_Wjo & bl e

efn’ PoJ_Ross /(x_dt-'\'u_y{f S ) &
= 2086 +237 /C)La_‘f_l.fflbiL.z_blal e
| bon_= Zglgw W
|
oR: B, - " i,
_ loRf,-p.p = 2323

S

Bz (115)[1.2q) cos (0= 1983) = 1216w 5 )

o

Psz: (ﬁ)_( lo.22) cos (Oj- -2'.8) =[l0Zw

@ _eflcioncy (M

N

[V A W 4

%: go X -lno%
g n

= Pload _ x loox
ﬁod -+ Ho‘;'r

/‘Z= ___2'0 86 S lOO:A

2086 + 237

= 818_2 M
-—M_ELU‘L"-—)L.‘_LDR”*"

69 s Ug;' a8 o'.Lhﬁ\ 4% %
/5 ;‘6:: 9' ‘507@#uo ,,ﬂ Al »
&
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H_3 . P_"lgfc ,‘j-_cqnn‘c.c."'-'m

(3-Q =) connection) . eyl an a0 obidle

hJ Ic(

e A oke loop

thfQ VQH'RSQS:— Uol‘l‘uﬂg b&+wanl‘“QM4{ neutrel

l_l.' VM_,JL nN—p V‘: n

@)-seguenc ©-seguence
(abc sey uence)) (< ba segyence )
; an_;: Up e] I_'Jlm_:- \[P Lo
-Ilzaﬁ( +l2o°/
é > Vbn—-'-‘-—qP l"‘%E_ $_Vbn-ﬁ‘-' UP 120
= l2.o° -,t-_ll_oo
SV Vp|-2% NV, e Up | 240

l

| Vau! = ‘yml_:_‘ﬂcql = Vp_e-=_&ﬂ¢nc:a[ JCV)

47

—
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_CH |6.7 |

- # Filters.s-

filters_afe used to_select or reject a band of freguency
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