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® 1) Introduction &
Yal Pat

< The circuits we have considered so far may be regarded as conductively coupled, g
w Dbecause one loop affects the neighboring loop through current conduction. When two
% loops with or without contacts between them affect each other through the magnetic field 2%
x generated by one of them, they are said to be magnetically coupled. e
s The transformer is an electrical device designed on the basis of the concept of magnetic rg
¢ coupling. It uses magnetically coupled coils to transfer energy from one circuit to another. rg
a Transformers are key circuit elements. They are used in power systems for stepping up or g
a¢ Stepping down ac voltages or currents. They are used in electronic circuits such as radio g
w and television receivers for such purposes as impedance matching, isolating one part of a g

s circuit from another, and again for stepping up or down ac voltages and currents. 3
e s
val ral
& 2) Mutual Inductance 2
e s

% When two inductors (or coils) are in a close proximity to each other, the magnetic flux 1z
¢ caused by current in one coil links with the other coil, thereby inducing voltage in the ra

it latter. This phenomenon is known as mutual inductance. Pal
e . . o e
::: 2.1) Single inductor (a coil with N turns) : When " :i:
3 = ‘ _ _ _ 8
I:l current i flows through the coil, a magnetic flux @ is ::1
Pat H H . ) 'y v Pal
::: produced around it (FIg.Z._l). Acco_rd_lng to Fa_raday S i(r) *) ) A % " :::
& law, the voltage v induced in the coil is proportional to &
::1 the number of turns N and the time rate of change of _ R ::1
% the magnetic flux ; that is, 0>
o - 02
s Fig.2.1 '8
5 dg &
o v=N— L(2.1) &
3 dt . 3
% or Eq.(2.1) can be written as, '8
>:< N ag di L di (2 2) ':‘
D« = —_— =/ — (2. <
(I di dt dt 9
Pal Pal
% where 0>
&3 &S
Rl '8
e L=N— L (2.3) R
(3 a *
'8! '8!
S ——— . . . '8
::1 This inductance is commonly called seff-inductance, because it relates the voltage induced ::1
& [ in a coil by a time-varying current in the same coil. &
(3 (3
'8! '8!
(3 (3
'8! '8!
'8! '8!
'8! '8!
'8! vAg '8!
Pal Pal
o A 62
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& 2.2) Two coils with self~inductances L; and L, : . . o &
D< . . = . . — Iy <
:3: Consider Fig.2.2, For simplicity, assume that the ‘f’,“,\ A :g:
% second inductor carries no current. The magnetic flux i, D S | g g v :i:
ral . . . T <
% @, emanating from coil 1 has two components: e :i:
}" . . \/
o 1) component @44 links only coil 1 - o 8
& 1 . ° &
e 2) component @4, links both coils. Ny turns N, turns 3
b ) (>
::: o @1 = @11 + @12 ...(2.4) Flgzz :::
% Since the entire flux @, links coil 1, so :2:
'8! do, do, di di, &
E:i V1 =N1 F:Nl d_llaz IE (25) E:i
62 o, . . . %
% Where L; = N, —* is the self inductance of coil 1. !
8 _ 1 3
& Only flux %12 links co;)l 2,50 3
'8! — N, D01z _ o d01p Al di o
& V2= N, dt 2% qi; dt 21 gt -(2.6) &
DS <
% Where M,, = N, 2oz (27) %

dil 7/
s M, is known as the mutual inductance of coil 2 with respect to coil 1. Subscript 21 indicates g
a that the inductance M, , relates the voltage induced in coil 2 to the current in coil 1. Thus, ra

at the open-circuit mutual voltage (or induced voltage) across coil 2 is Pl
% o % %
:.: vz - M21_1 (28) :e:
& dt e
& e
I:l 2.3) Suppose we now let current i, flow in coil 2, while coil 1 carries no current: %1
ral . T . o . ral
% Consider Fig. 3, the magnetic flux @, emanating from Ly L :&
Pal - - - - O {
»& coil 2 comprises flux @,, that links only coil 2 and + $a by :::
P . . ~-,

w flux @,4that links both coils. S :::
Pal . .

::: @2 = @21 + (Dzz (29) vy % g ’Y vy C* i(1) :::
% The entire flux @, links coil 2, so - 3
'8 - : - - 5
8 =N, W02y @Ol i : %
::: va =Ny 25 =N di, dt 2 dt -(2.10) Ny turns N, turns ::1
P ao, . . ] ; <
::: Where L, = N, —* is the self inductance of coil 2. Fig.2.3 :::
&S _ 2 &3
®  Only flux @,, links coil 1. so 0
s ag 9, di di 8
< = 21— 21 72 — =2 (211 &
e v1 =N de 1 ai, dt M, dt (2.11) &
:‘: ddyq :.:
ral . . . . . . . . ral
o Which is the mutual inductance of coil 1 with respect to coil 2. Thus, the open-circuit mutual 1§
% voltage across coil 1 is e
:’: di, :‘:
&S _ &3
:.: Mlz —_ M21 == M (214) :‘:
S S
S S
P< A <
2 ] &
s v Oy
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w | Mutual inductance is the ability of one inductor to induce a voltage across a neighboring |
w | Inductor, measured in henrys (H). Like self-inductance L, mutual inductance M is |

& | measured in henrys (H). '8
8 g
8 g
8 g
o 3)ANALYSIS OF COUPLED CIRCUVITS 3
% Although mutual inductance M s _ . *
s always a positive quantity, the mutual Rl. PR . T Fo '8!
% voltage (v = M 2) may be negative or w1 ) %
DY . . (_j.t . vy 1 Ll /u\( L’ t vl%
s positive, just like the self induced '8!
& voltage (v = L%). ‘ ; K3
gl g
% For Fig.3.1. apply Kirchhoff's voltage law (KVL), Fig.3.1 '8!
8 Riiy+ Lt FMEE =, .(31) &
ad . ; 8
62 . di, — , di At
Eé Rzlz + de_tz +Md_t1=v2 (32) Eé

s To determine the correct signs in Eqs(3.1) and (3.2) apply the right hand rule to each coil, g
w allowing the fingers to wrap around in the direction of the assumed current. Then the right g
i thumb points in the direction of the flux. Thus the positive directions of @4, and @, are as g
o shown in the figure. If fluxes @1 and O, due to the assumed positive current directions aid one 3
6 another, then the signs on the voltages of mutual inductance are the same as the signs on the voltages of (3

E:i self-inductance. o
% S0 Egs(3.1) and (3.2) becomes 3
3 - - 03
(3 . di, diy 3.4 ::}
:g R2l2+ LzE_ E—vz . ( . ) :::
E:i In frequency domain (replacing each = by jw)EQs(3.3) and (3.4) becomes, E:i
:g: (R1 + .]le)Il __](l)MIZ == V1 - lell + 21212 == V1 (35) :§:
:.: _]CUMII + (RZ + ](,l)Lz)IZ == VZ - 22111 + Zzzlz = V2 ) - ...(3.6) :.:
I:I Where Zi1 = Ry + jwLy, Z2» = Ry + jwL,, and Zy, = Z» = —jwM which is common to :::
x the two mesh currents Iy aq lo. e
& &
02 &
S 4) NATURAL CURRENT &

E:i In Fig.4.1. select current I, in agreement with the source V; and apply the right hand rule E:i
o to determine the direction of the flux @1,. Now Lenz's law states that the polarity of the &
& induced voltage is such that if the circuit is completed, a current will pass through the coil in a direction &
o which creates a flux_ opposing the main flux set up by current I;. Therefore when the switch is i
%' closed in the circuit of Fig.5, the direction of flux @, according to Lenz's law is as shown. g
s Now apply the right hand rule with the thumb pointing in the direction of the fingers will
'8! vAg '8!
g
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Igl wrap around coil 2 in the direction of the natural current. Then the mesh current equations Igl
& are !
b . . &
& —jwMI, + (R, + jwL,), =0 ..(42) %
e S

g
0
g
g
g
g
g
g
g
g
g

5 Fig.4.1 3
s S
e S
e s
'8! '8!
Igl 5) DOT RULE FOR.COUPLED COILS ::1
& While the relative polarity for voltages of mutual inductance can be determined from &

w Sketches of the core which show the winding, the method is not practical. To simplify the 2
w diagrammatic representation of coupled circuits, the coils are marked with dotsas shown in
% F19.5.1 (C). On each coil; a dot is placed at the terminals which are instantaneously of the same g

E:i polarity on the basis of the mutual inductance alone. ::3
::: To assign the dots on a pair of coupled coils, :::
::: 1) select a current direction in one coil of the pair and place a dot at the terminal where :::
::: this current enters the winding. The dotted terminal is instantaneously positive with :ﬁ:
::: respect to the other terminal of the coil. :::
(3 2) Apply the right hand rule to find the corresponding flux in the second coil as shown
I:i in Fig.6 (a). Now in the second coil the flux must oppose the original flux, ::1
& according to Lenz's faw. See Fig.6 (b). E:i
rat . . . . . J
::: 3) Use the right hand rule to find the direction of the natural current, and since the :::
::: voltage of mutual inductance is positive at the terminal where this natural current :::
(3 leaves the winding, place a dot at this terminal as shown in Fig.5.1 (b). With the %
* ' larity of the coils given by the dots, th isno | ded in ¥
S mstaptaneous polarity of the coils given by the dots, the core is no longer needed in 8
Ig the diagram and the coupled coils may be illustrated as in Fig.5.1 (c). e
! S
3 S
! > s
3 8!
! S
3 S
! . s
3 S
! S
3 S
! S
0 (@) (®) © 02
3 i 3
(3 Fig.5.1 0>
3 S
3 S
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5 : uations, %
& - - inductance in the mesh current eq .-
¥ To determine the S|gn_o;‘1 thetvol'tage of mutual §
'8! le which states: , nals the ¢
% Wwe use the dot ru , coils at the dotted terminals, 3
E:i 1) When both assumed currents enter or [eaﬁvee a paﬂ;{ ﬁzOZZ;f‘f . &
2 ; rms wi as the signs o Tms, . W
'8 signs of the M terms will be the same dotted terminal; the signs of the M 8,
& 2) If one current enters at a dotted terminal and one leaves by a :%
Pl . . O
E:: terms are opposite to the signs of the L terms. 3
8 -
& or : larity of the mutual voltage in §
& d terminal of one coil, the reference polarity o '8
$ Y Ifa curent eflt-efs tﬁ'e JOtt: the dotted t{mina[ of the second coil. . :::
'8 the second coil is positive a : [, the reference polarity of the mutual voltage in 8
(2 4) If a current leaves the dotted terminal of one coi : o
S ) I [is negative at the dotted terminal of the second coil. o 8
% the second cot ol tual voltage depends on the reference direction of the K
¢ Thus, the reference polarity of the mutua _ 3
o r he dots on the coupled coils. 8
' inducing current and the do &
& . o
S i 3 shows two cases '8
2 . opposite. Fig.5. S
S Fig.5.2 shows when the signs of the M and L terms are opp g :;:
rat . . Al
% in which the signs of M and L are the same. 5
A at
03 ¢ o 2
$ . . AR %
Pad ® o at
$ N3 g’ Ng e’ A
e o
03 ®) &
: @ ® “ Fig.5.3 %
¥ Fig.5.2 9.5 (i
£ M 0
::: M ; e i :::
= g 1 -
3 A Y = i€ - 3
o - - dy 3 £
::: . N C~.. dil -l E) = —A{ﬂ v = —“IT n/{ = :::
() 3 B =M I dt o 3
& . . (s
Ko | ~ = (3
S - S
G © '8
(< ® (®) | s
": M i ) K
% T — M — ° A ? S
"al 1N . + !
3 ’ I & L éL v=m %
S @ 3 g Lg Bl ne-n ! T (3
P.‘ n= "{7 3 B >
P.< . . . B . ° 5 :‘:
3 _ T ’ (0 3
Pal y.q
G (e) . D<)
& w : - nvention 8
::1 Fig.5.4 Examples illustrating how to apply the dot co :::
S S
'8! '8
(3 '8
Pal P‘ﬂ
S S
R A DL
8! Ay '8!
::: = = 5 O OO OO
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e e
e e e
& : e i ' coils in Fig.5.5 (a), S
® Fig.5.5 shows the dot convention for coupled coils in series. For the 9.5.5 ( I;I
% the total inductance is _ _ 3
& L=Ly+L,+2M (Series-aiding connection) &
s L= Y e
& For the coils in Fig.5.5 (b), _ e
'8 ies- ' ection '8!
® L=Ly+Ly-2M (Series-opposing conn ) . %
< M - 5
K3 K_\' K3
ral . : 9.
5 i m .. — e — o 3
" \ /
%‘ o > 2112 o o f?fLW‘ m &
:ﬁ: L ) L, ! (=) } :g
S o (b) 3
< - . - i ¢
> ) o . ae. tion, (b) series-opposing 'a
E§ Fig.5.5 Dot convention for coils in series; (a) series-aiding connec (b) p ¢S
A . rat
%8 connection. ¢
e el
8! ircui in ti main and in frequency domain ()
;g Example 1: Apply KVL for circuit shown in time do ; ::1
A
K2 - . rat
:31 Solution: L ai, R i R, :31
'f: v = Ry + L1E+ME A - WWA 3
e . ; . el
::: v, =i,R, + L, It + M It ’ C) @ L L, @ (,) I
. ral
;g or in frequency domain, :31
P . A
® Vi, = (R, + jwL)l +.]a)M12 :g
::j Vo, = joMI; + (Ry + jwLy)l, '8
3 03
'8! - '8
el : PO i uency domain 23
;:j Example 2: Apply KVL for circuit shown in freg y — :::
& Solution: Z, : *
'8! o : — '8
::: V = (Zl + ]le)Il _]wMIZ | I . . :::
::: 0=—joML + (Z,+ ]wLZ)IZ v CD @ jwL, JwL, @ = :::
ral - Pal
& 62
& 62
'8! '8
'8! '8
'8! '8
03 i ircuit shown (S
I:l Example 3: Calculate the phasor currents 11 and I in the circuit s :g
( . i3Q
& Solution: a0 h 3
S i
% Apply KVL for coil 1, f :::
ral . B . — [ ] Ld Pal
’:‘ —12+(_]4 +]5)11_]312 =0 A L ) L 120 >:1
(3 . : (1) 12203 @O (n) jsa 76 h 8!
8 ol —j3l, =12 :
& Apply KVL for coil 2, s
Pat . . —
& —j3L + (12 +j6)l, =0 &
o 12+j6 . o
s 11=( _1)12=(2—]4)12 ..(2) e
S 3 S
0
Pat
::: A :::
':‘ = 5 OO0 0'9'0'0'0'0101:2:
:foXoXoXQXQXoXQXQXoXQXQXoXQXQXoXOXOXoXOXOXoXOXOXoXOXOXOXOXOAOAOA0AO‘ZOA0n‘u0Auuuuuuuuuuuuﬁ a%A% %A% %% %



2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

'8 3
:: University of Diyala Electrical Circuits :::
8] Engineering College 2nd Class '8!
x| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g
'8 '8!
® Substitute Equ.s (2) in (1), we get, !
(3 12 &
$ j@-jDL-jBL=12 - il= =5 = 291414044 3
Eg Now subs the value of I, in Equ. (2) we get, Eg
s I, = (2 —j4)x —— = 13.012—49.39° 4 s
g 1T TSR | 3
s S
s S
s | H.W.1: Determine the voltage Vo in the circuit shown. '8
;g Answer: _ 10 I;I
§ V, = 10£-135°V a2 Yy S
'8! . _—
Eg 100/45° V @) @ 8Q 50 (I—) 10Q v, Eé
s S
¢ | Example 4: Calculate the mesh currents in the circuit shown *
& Solution: PP 50 S
¢ Apply KVL for loop 1, WW—| IS &
& —100+I,(4 —j3+j6) —j6l, —j2I, =0 ,!29 !
Ya( . . o i , ral
$ o (443~ j8l; = 100 Ly wav® (v) jead ) $50 8
;:j Apply KVL for loop 2, %j
& —j2I, — 6jl; + (j6 +j8 + j2x2 + 5)I, = 0 Eg
ral al
::: ~ —j8lL; + (5+j18)I, =0 ..(2) 8
;g Solve Equ.s (1) & (2) using matrix, E?
ral 4
0 . : . . -
® [4+)3 —Jj8 I 4+ j3 —j8 (d
$ 100 sl =lo) o= 28 s el =307 %
02 100 —Jj8 4+j73 100 a
&3 — — ; — — &5
$ M=o 5418/ 100(5 +j18), A, = | _jg o |=/800 E::
ral 4
(< A, 100(5+j18) 1868.2£74.5° s
o L= —= : = = 20.323.5° A s
% A 30 + ;87 92.03471° %
S _ D2 _ J800 _ 800£90° . oo, 3
& 7 A 30+j87  92.03271° &
E:i H.W.2: Determine the phasor currents I; and I in the circuit shown. E:i
::: AnNswer: sQ 20 ;::
::: 3.583486.56° A,= 5.383486° A . :::
% j3Q :&
P o xr /F - 4 5
:g 20,/60° V (_) @ é j6Q @ == 40 :?
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! vAg '8!
'8! <(7)> '8!
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& 6) Energy in a Coupled Circuit _ M %
& Consider circuit shown in Fig.6.1 o ~— %
IRy If i, and i, are zero initially, the power and energy stored in + e
% the coils is zero. . ¢ ‘L 3
¢ p@O=p)=0 & wy=w,=0 . : % E SR S
® < If we let iy increase from zero to I, while maintaining ~ _s
'8} I,=0, so 5 5 %
2 , .o di : (2
::: pl(t) = 1711,1 == I’lle_; (61) FlgGl :::
s ! s 8
8 — — 1 F — 2 S
:2: W1 - fpl . dt == L1 fO l1 . dll e ELlll (62) :i:

® « If we now maintain i, = I, and increase i, from zero to I, the mutual voltage induced in &
A di, "

w coil 1is M1zg while the mutual voltage induced in coil 2 is zero, since i; does not '&
%  change. So &

a . di, . . _ di, . . di, a
::: pz(t) - l'l MlZ E + lzvz - 11 M12 E + lsz E (63) :::
(3 _ _ I . I . ;. _ 1, . (S
’i‘ WZ — pr dt — M1211 fO dlz + LZ fO lzdlz - Mlzlllz + 5L212 (64) ’%
e . : . . _ R
:2: ¢+ The total energy stored in the coils when both i; and i, have reached constant values is, ;i:
(2 1 1 2
& w=wi+ wy =L+ LI+ Miphl, ...(6.5) ¥
al . ; i . ) 7;1
;:1 « If we first increase i, from zero to l2and later increase i, from zero to Iy, the total energy &
;g stored in the coils is (3

1 1 o
Egi w= EL1112 + ELZIZ2 + M, L1, ...(6.6) Egi
() . )
;:j Compare EQ.s (6.5) with (6.6) we get, ;:j
Y M= My =M (67) %
& 1 1 0
>.1

s This equation was derived based on the assumption that the coil currents both entered the dotted g
& terminals. If one current enters one dotted terminal while the otfer current leaves the otfer dotted i

ral Pal
::: terminal, the mutual voltage is negative, so that the mutual energy MI11, 1is also negative. In that :::
':‘ case, ’:‘
& 1y 92,17 2 &
::: w = ELlll + ELzlz - MIIIZ (69) :::
;:: The instantaneous energy stored in the circuit the general expression ;::
% 1, 1 (3
}.q w = ELlIl + §L212 + M1112 ...(6.10) }:1
'8 3
'8! (3
'8 3
'8! (3
'8 3
'8 3
'8 3
'8! (3
'8 3
'8! (3
Pal Pal
o A 3
Pal Pal
* L8> K3
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R
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& 7) Coupling coefficient (k) Eii
% We will now establish an upper limit for the inductance M. mutual The energy stored in g
% the circuit cannot be negative because the circuit is passive. This means that the quantity s

o (% Lyi? + %inﬁ — Mi,i,) must be greater than or equal to zero: o
e e
§ ~Lyi? + = LyiZ — Miyi, 2 0 AV
e _ e
& To complete the square, we both add and subtract the term i;i,+/L,L, on the right-hand o
¢ side of Eq. (6.11) and obtain *

2 . . 2 .. &5
:;: %(11\/L_1— 12\/L—2) + lllz(,/Lle—M) =0 ...(7.2) Eé

% The squared term is never negative; at its least it is zero. Therefore, the second term on the I§1

¢ right-hand side of Eq. (6.12) must be greater than zero; that is, *
:ﬁ: L1L2 - M Z 0 :i:
R R
§ M < /L, (73) %

¢ Thus, the mutual inductance cannot be greater than the geometric mean of the self- 8
¢ inductances of the coils. The extent to which the mutual inductance M approaches the &

¢ upper limit is specified by the coefficient of coupling &, given by *
% . _ M &
::: k JLiLs ...(7.4) ¢S
s e
s e
& 75 &
s _ RN 2
3 M = kL,L, &
S &
»

;g Where 0 < k < lorequivalently0 <M < ./L,L,. ;?
::j The coupling coefy‘ia_’ent zs the fraction of the total flux emanating from one coil that links the other ::j
'8 coil. For example, in Fig.6.2(a), '8!
(< ¢ o (3
e k= 2= 12 ...(6.6) ¢
(3 01 P11+012 s
& and in Fig.6.2(b), e
'8 ) ¢ (3
o foo= 221 P21 (6.7) 8
::: 0p; P21+022 R :::
;:j 1) For k = 1 (the entire flux produced by one coil links another coil, 100% coupling ) ;:j
'8} the coils are said to be perfectly coupled. (3
3 : . 03
;:j 2) For k < 0.5 coils are said to be losefy coupled; ::1
®  3) Fork>0.5, coils are said to be tightly coupled. 03
s | The coupling coefficient k is @ measure of the magnetic coupling between two '8
| coils;0<k<1 s
&3 &3
Pal Pat
(3 : - : : - : )
::} coupling coefficient k depend on the closeness of the two coils, their core, their orientation, and their ::j
'8 windings. '8!
Pal Pat
(2 A 62
R Y oS &
o AL 62
'2’1’1’1’1’1’1’1’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X'PX'X'%K’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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Y,
'8! '8!
Igl The air-core transformers used in radio frequency circuits are loosely coupled, whereas Igl
& iron-core transformers used in power systems are tightly coupled. The linear transformers &
# are mostly air-core; the ideal transformers are principally iron-core. &
e S
(3 L, I, Ly L &
& &) © ° + ¢ + &
% T P o~ 8 %
O /0 \I i/ \\ O
E:i il(f) *) " Y g g vy 2 % % y vy G) rIl(r) E:i
A AL , <, N O
A A
ot O 5 ot
::: N, turns N, turns Nj turns N, turns :::
A A'
(@) | (b)
& Fig.6.2 &
'8! '8
& &
x| Example 5: Determine the coupling coefficient and calculate the energy stored in the R
val ral
::: coupled inductors at time t=1 s if v = 60cos(4t +30°) V. :::
% Solution: 55 H 3
8 M 2.5 : : 8
8 = = = 10 Q S
%: k L= Vi 0.56 (tightly coupled) joa 'Y %
::: To find the energy stored, we need to calculate the (D SH 1H —= Lrg
>:< current. To find the current, we need to obtain the o :i
val . . . . al
& frequency-domain equivalent of the circuit. 8!
'8! '8!
::j 60 cos(4t + 30°) = 60/30°. @ = 4rad/s ::j
K SH = jwL =j200Q &
ral Pal
s 25H =  joM=,10Q 3
'8! '8!
02 4H =  jwL, =j16() '
R ) 02
% l F =5 - 4 () %
ral = —_— Pal
& 16 joc~ (3
R 62
ral - . . . . . Pal
& The frequency-domain equivalent is shown in Fig.. Now apply mesh analysis. &
o Formesh 1, e
X . . 0 Pal
::: (10 + j20)I; + j10I, = 60430 ~..(1) :::
& Formesh 1, e
Pat . . . Pat
& Solve Eq.s (1) and (2) we get, e
& I, = 3.9052-19.4° A & I, = 3.2542£160.6° A &
& In time domain. &
& iy = 3.905cos(4t —19.4°) & i, = 3.254cos(4t + 160.6°) &
I:l At t=1s, 4t = 4 rad = 229.2° I:I
® i, = 3.905c0s(229.2° —19.4°) = —3.389 A (3
* VA (3
K3 <(10)> &

'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’i’X’A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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% - 2.824 A :e:
) : - . | A
: °+160.6°) , . %
g y uctors is, :
;| - ot on COS(ZZ?éZd in the coupled ind :
Lo = . |
8T total energy sto N %
% e 2.5(-3. :
val = —L]_ ll 2 1 824)2 + | &‘
w W 2 e - e
'8! 1 (—3.389)% + > (4) oo |
§ =205 A
: 2 m W
: 10 Q | %
| / = —j4Q 3
o . | | ! @
W 116 Q 2 :
: $ jl6 :
% 120 Q2 %
:i‘ . +) I] j . :;:
$ 60,/30° V C_ e |
% i ivalent circui :;:
@ -domain equ %
: Frequency W
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| tored in the coup 3
| Iculate the energy s -
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' an Pat
: ling coefficient %
: rmine the coup > |
& H.W.3: Deter ine the - - |
3 inductors at tim - %:
A
%: ANnswer: J g ) :::
( 4 . ’.‘
::‘ 0.7071, 39 H é - :.:
8 ”2 |
’.‘ V +> o o ’.‘
:.: 40 cos 2t - %
. Pat
w £
w £
w £
w £
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| (2
| £
| (2
| (2
| ®
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| (2
| ®
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| 3
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| ®
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| *
w 8!
w '8!
Pat w
| '8!
& 8
| '8!
A Pat
. (2
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el e
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&  8) Linear Transformers &
el ' e
® | A transformer is generally a four-terminal device comprising two (or more) | ¥
¢ | magnetically coupled coils. *
el e
® As shown in Fig.8.1, the coil that is directly R M ®
# connected to the voltage source is called the M &

s load is called the secondary winding. The -
w resistances R; and R, are included to

R,

m VWAAA P
< . <
S primary winding. The coil connected to the * . (2
W, pn 0) ng vV (*) ﬁl) ]*1 LZ @ mz‘[

% account for the losses (power dissipation) Primary coil Secondary coil '8!
::: in the coils. Fig.8.1 A linear transformer :2:
P A'
o al

w The transformer is said to be fGnear if the coils are wound on a magnetically finear materialla g
s material for which the magnetic permeability is constant) Such materials include air, plastic, i
s Bakelite, and wood. In fact, most materials are magnetically linear. Linear transformers ’a
s are sometimes called air-core transformers, although not all of them are necessarily air-core. 'a

8 They are used in radio and TV sets. &
s "al

® The input impedance (Z;, = %) as seen from the source governs the behavior of the %
1

K3 primary circuit. 8
;:: Applying KVL to the two meshes in Fig.8.1 gives %1
$ V= (R, + jolyh — joMl, RSO
::: 0= —jwMI; + (R, + jwlL, +Z})I, +(8:2) I:i
::: From Eq.(S.iI) ::1
O _ Jw S
E:i I = (Ry+ jwLy +71) hL -(83) E:i
& Substitute Eq. (8.3) in (8.1) we get, ¥
::: _ w2M? :::
E:i V=((R + jwLy) + (Rat oL, +20) I --(8.4) E:i
;g From Eq. (8.4) we get, :?
wZMZ

8! _ v _ . S
e 2, = o= (R, + jwL,) +(R7+]'wL7 7 ...(8.5) :::

® Notice that the input impedance comprises two terms. The first term, (R, + jwL,), is the &

® primary impedance. The second term is due to the coupling between the primary and &
® secondary windings. It is as though this impedance is reflected to the primary. Thus, it is %

::: known as the reflected impedance Zr and :::
(3 w?M? el
p< — <
S LR = (Rt jol iz -+(8.6) (3

::: It should be noted that the Eq. (8.5) or (8.6) is not affected by the location of the dots on :::

Pat - R Pat
::: the transformer, because the same result is produced when M is replaced by -M. :::
R &
* VA (3
8 Y- 5

'8 AR '8

p-O-0-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-OXOXORORORO-O-O-O-0-000000-0-0-0-0-0-0-0-0-O0-0-O0-O-O-O-O-O-O-O-O-O-OOXR
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9) Conductively Coupled Equivalent Circuits M
. . B - . .. I, m L
It is convenient to replace a magnetically coupled circuit  — -—
by an equivalent circuit with no magnetic coupling. Now + o o +
to replace the linear transformer in Fig.8.2 by an vy, L, g E L, v,
equivalent T or II circuit, a circuit that would have no B
mutual inductance. o o
Fig.8.2
The voltage-current relationships for the primary and secondary coils give the matrix
equation
Vil [Jwl, jowM |1,
AR ijJ 5 +(91)
By matrix inversion, this can be written as
L, -M
I [jw(Lle—Mz) jo(LiLy= Mzﬂ Vv, 9.9
[12]=| —M Ly 2>|[V2] -(8:2)
|

lljw(Lle— M%) jo(liL,—M

1) Forthe T (or Y) network of Fig.8.3, mesh analysis provides the terminal equations as

(3

0
0

3 V1} NjoL,+ L) jwL [11] 9.3) &
rad = . . . . e
% v, JjwL, jw(L,+ L) I, :g
al - . . . . . . . 24
& |f the circuits in Fig.8.2 and Fig.8.3 are equivalents, Egs. (9.1) and (9.3) must be identical.
al . - . . P24
& Equating terms in the impedance matrices of Egs. (9.1) and (9.3) leads to 62
'8! '8!
'8! _ _ _ '8!
§ | La=Li—-M  Ly=L,—M L.=M 04 8
'8! '8!
'8! '8!
Ig 2) For the IT (or A) network in Fig.8.4, nodal analysis gives the terminal equations as 9
::: 1 ' 1L t 1L i 1L \' :::
o 1= |/ J®%c JWh¢ 1 (9 5) !
< 1 1, 1|, e 03
::: | TJel;  Jelg ' Jolg _ _ ::}
' Equating terms in admittance matrices of Egs. (9.2) and (9.5), we obtain '8
&3 &3
03 2 2 2 0
::: L _ L1L2 - M L _ LlLZ - M L _ LlLZ - M ...(9.6) :::
Pal — T s — T 7 a5 - 5 Pal
& | L,—-M FoL-M ¢ M &
'8! '8!
'8! '8!
'8! '8!
% , I, I, L I, Le L &
— T i —
o 2113 2113 o o 2112 o %
::: + + + + ::j
ral Pal
s Vi L v, Vv, Ly g Lg % v, %
% o 0 o o 8
'8! _ _ . . . . (S
I:l Fig.8.3 An equvalient T circuit Fig.8.4 An equvalient IT circuit I:l
::: VA :::
'8! =(13)> '8!
Pal Pat
'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’i’%l’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X X’:‘
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D- Al
s e
D< . N . . <
:3: Example 6: In the circuit shown, calculate the input impedance and current I,. Take Z; = :2:
% | 60 —j100 0, Z, = 30 + j40Q and Z, = 80 + j60Q &
A - - A
s Solution: From Eq.(8.22) Z, jsQ . '8
(2 2 : (2
8! . | —  — s
Yal (] 2 L) o~ (¥ . N Yt
& 5c 50,/60° V C) L) j200 a0 (1 z, &
e : : s
G2 =60—;100+4+ 20 + ————— 62
< J JS¥ 110 + 140 $
D< . al
2 = 60.09 — j80.11 = 100.142 — 53.1°Q 8!
$ L= 502607 0.52113.1° A S
8 I, = = = 0.52£113. 8
8 1 Zin 100.142-53.1° 03
s S
< . . . . . <
::: H.W.4: Find the input impedance of the circuit and the current from the voltage source. :g:
:2: Answer: /30 ‘o :i:
- =7

% 8.58£58.05°0,2.3314—58.05° A a2 I 3
A 11 /A
s s
o . 6Q i
§ 20,/0° V (t) j8Q 7100 §
% . jAQ %
& &
A A
'8! '8!
Pat . R . R . Pat
::: Example 7: Determine the T-equivalent circuit of the linear transformer shown. :::
- A

;:: Solution: 2H &
A

¢ Ly =10,L, = 4,and M =2 Loy <2 %
&3 &3
o a o O C o
::jLale—M=10—2=8H, ) . ::j
'8! '8!
§ L,=L,—M=4-2=2H, 10H§ E“H 3
'8! '8!
& L.=M=2H b o od ¥
e Le— M= '8
Ko o SH  2H &
s We have assumed that reference directions for currents and , ,  ~ M—0 ¢ 8
::: voltage polarities in the primary and secondary windings :::
::: conform to those in Fig.15 . Otherwise, we may need to 2H§ :::
::: replace M with —M, as Example 8 illustrates. The T-equivalent :::
::: circuit is shown in Fig. b o od :::
&3 &S
'8! '8!
0 . . . '8
I:l H.W.5: For the linear transformer , find the equivalent network. I:l
& Answer: 3
'8! : 2H '8!
ral Pal
::: LA == 18 H, LB - 45 H, LC == 18 H Il m Iz :::
k3 a o o c %
& . . &
R &
(< 10H g E 4H 3
)

s A bo od '8
02 <?4> 0

X
X
M
M
M
M
M
M
Y
M
M
M
B
M
M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy

X
»d
X
R

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Iy
X
X

OO0
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'8! 3
’al A
e e
ral N N . . . ral
:3: Example 8: Solve for I3, I, and Vo using the T-equivalent circuit for the linear :g:
& | transformer. S
ral - al
s Solution: . %!
P Jjl1Q 4
% L, =8L,=5and M =—1 40 3
(> A (>
e a
§L=L-M=8-(-D=9H L N
3 60,9%°V (1) @ j8Q j5Q @ Vo 3 1020
A — A
:;:Lb=L2—M=5—(—1)=6H’ ° :;:
A A
e e
% | =M=—1H '8!
w« 10 represent the circuit in frequency domain as ® is not . j1Q : R
}" . - - - ») W
% specified , we assume w =1 rad, and the equavalent T circuitin | — -— 0
® frequency domain is shown in Fig. + . %
o _ _ a
e v, J8Q % jsQ v, 8
& Apply mesh analysis, B . 8
= o o &
& Formesh 1, &
R . . . . <
§ j6=0A+j9— DL+ (DI, (1) (a) ::3
3 Formesh 2, 99 6% s
;% 0= (—j1I + (10 +j6 —j1)I, ..(2) o—— T T F—o :g
;:j Solve Eq.s (1) & (2) we get, T —j1Q o
’.‘ O O :@
Egi I, =06+j03A, I, = j0.06A&V,=-10I, =j0.6V o) :gi
- .-, = - - A
::: The complete equavalent T circuit in frequency domain is '8
% shown in Fig below. e
'8! '8
5 1 1 %
: o . ,
& 1, 4Q  j9Q j6Q : &
(s ANN—TTT S11R o
'8! '8
ral - Pal
S j6Vv (ﬁ) L) —1Q=F I, Va§ 10 Q %
&3 - &
'8! '8
'8! '8
'8! '8
'8! '8
s 3
I:l H.W.6: Calculate the phasor currents I, and I, in the circuit shown (in example3) using .:1
Igl the T-equivalent model for the magnetically coupled coils. I:I
ral Pal
% Answer: 3O e
el -j4Q 8!
o I { ) o
e 132—49.4°A, 2.91214.04° A | '8!
% ° ™ >:1
’.‘ ov (T I . O I - '.‘
K 12200V (%) L) s 6o (1L 1208
¥
'8! '8
Pal Pal
& 62
& &
G2 A 02
& e &
G2 AN 62
'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’Z’XQ'K'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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a al
& 10) Ideal Transformers IY; &

¢ An ideal transformer is one with perfect coupling (k =1 ). It i, m - '8!

3 consists of two (or more) coils with a large number of turns < N o
3 wound on a common core of high permeability. Because of this . . 03
% high permeability of the core, the flux links all the turns of both », Ly g L, v 8
A - - - - - - - A
s coils, thereby resulting in a perfect coupling. Consider the circuit '8
A - - —_ —_ A
% In Fig.10.1. o o &
A - - A
s In the frequency domain, Fig.10.1 '8
2 . . Vi— joMI 8
&V, = jol ], +joMl, » I, = 221272 ...(10.1) &
s : . Joky e
¢ Substituting Eq. (10.1) in (10.2) gives *
al . Vi— jwMIz) . . MV, jwM?1, at
= — —_ — N
§ |78 ]a)M( ol + jwl,1, = jwlL,1, + L » ...(10.3) ::3
A - A
§ But M = ,/L,L, for perfect coupling (k =1). Hence, §
O . L1Ly V jowL1 Lol L O
%V, = jwl,l, + V221 J2aez o /—2 V, = nV, ...(10.4) %
3 Ly Ly Ly $
'8! '8
& L, : . !
& wheren = | andis called the turns ratio. &
I:l As Ly, L,,M — o such that n remains the same, the coupled coils become an ideal ¥
& transformer. *
::j A transformer is said to be ideal if it has the following properties: *
® 1. Coils have very large reactances (L;,L,,M — o0 ). '8!
o : PP : 62
& 2. Coupling coefficient is equal to unity (k =1). &
::1 3. Primary and secondary coils are lossless (R, = 0,R, = 0) ::1
" - - - - - - "
;:: An ideal transformer is a unity-coupled, lossless transformer in which the primary ;31
;:: and secondary coils have infinite self-inductances. ;3:
&3 &3
'8! '8!
el — : )
;:j Iron-core transformers are close approximations to ideal transformers. These are used in ;:j
;:j power systems and electronics. ;:j
%, When a sinusoidal voltage is applied to the primary winding of ideal transformer as shown s
;3: in Fig.10.2. and according to Faraday’s law, the voltage across its windings are, ;::
(2 do ()
& vi= N ...(10.5) ¥
'8! 4o '8!
:.: 172 == Nz_ (106) :‘:
::: Divide Eq.(10.6) by (10.5), we get :::
v N
& 2= 2=n ..(10.7) &
& V1M &
D - - . . .
x Where n is, again, the turns ratio or transformation ratio. \We can use the phasor voltages and
- - )
::1 rather than the instantaneous values and Thus, Eq. (10.7) may be written as »:1
'8! '8!

< A <
(D Ny O
Pal Pat
S <(16)> 3
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¥ Pal
(2 (D
» 4
' '8
& V. N 02
& 2 _ Na _ ...(10.8) &
8! v Ny " 8!
A A
8! 8!
a al
K L L K
a4 > 1:n — 5
N {r v, P4
(2 ° ° 62
& + + 3
8! 8
% vl  vigllgv Z, %
K - - K
A A
8! 8!
8! O O 8!
a ~ ~ al
o N, N, 62
8! 2!
a i al
* Fig.10.2 o
a! 2!
val Pal

' For the reason of power conservation, the energy supplied to the primary must equal the ;§<

- - - - A
& energy absorbed by the secondary, since there are no losses in an ideal transformer. This &
A - - A
& implies that 8
A . . A
:;: vlll = Uzlz (109) :;:
8 8
& O &
N i1 V2 o
= —=n ...(10.10)
% In phasor form, R
& I V2 0
N = = ...(10.11) %
>.1 12 V1 "‘
& &
& 62
& 62
0 I, Ny 1 (3
& L= — = ...(10.12) &
}:1 11 NZ n }:1
'8! '8
>.1

'8 1) Ifn>1 (i.e. N2> N1& V, > Vy), then the transformer is called 'step-up transformer’ 8
'8! 2) If n<1(i.e. N2 < N1& V, < V1), then the transformer is called 'step-down transformer’. %

% | - R %
¢ 3) Ifn=1(ie. N2=Ni& V; = V1) then the transformer is called tsolation transformer'or &
& 1:1 transformer. $
I:l It is important that we know how to get the proper polarity of the voltages and the ::1
::1 direction of the currents for the transformer in Fig.10.2. If the polarity of V; or V or the ::1
& direction of I, or I, is changed, n in Egs. (10.7) to (10.12) may need to be replaced by ::1
::1 (—n). The two simple rules to follow are: :::
& 1) If Vi and V; are both positive O both megative at the dotted terminals, use (+n)in ¥
& E0q.(10.8). Otherwise, use (—n) 3
I:I 2) If 1y and |, both enter into Or both leave the dotted terminals, use (—n) in Eq.(10.12). ::1
& Otherwise, use (+n) s
¢ /
% '8!
% &
0 GAg el
’.‘ <l = :‘:
ral

’2'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'X'nﬂ@z’x'x'X%Xox'x'XoXoXoXoXoxoxoxox.x.x.x.x.x.x.x.x.x.x.x.x.x.x.g
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$ &
8 8
% The rules are demonstrated with the four circuits in Fig.10.3. (2
s e
PR I - AT I'y 2
K LT A "N | IR T 5 A == MM 2 L vy, b &
al |O O [|o O - o O :e:
E:i . L] ’ L 7+ +' e f :::
1 v.2IEV, v, 3|E v, vi 3| E v, v, 3|EV, &
2 o o ||o ol |© o |o o| %
:;: vV, N L N vV, N, I, N, V.. M L _M vV, N, L N :;:
|V N TN Vi N M| [YiN L N[V N N
3 (a) (b) (©) () 8!
'8! '8!
3 Fig.10.3 3
'8! '8!
& V. &
’:‘ Vl =2 or VZ B nV1 .. (1013) ’:‘
& " I &
\(
s n e
e e
e The complex power in the primary winding is '8!
O V O
\/ 2 % \ /
¥ S =nh =20 = Wl =S, +(1015) %
'8! n '8!
'8! '8!
& &
- A
9 The input impedance is found as, 8
$ Za=h=ll g 7= 0
T L L= 8!
& &
o 62
3 ZL &
>.1 . Zin = 7.1
G2 n? ...(10.16) %
o 02
I:l The input impedance is also called the reflected impedance, since it appears as if the load I:l
I:l impedance is reflected to the primary side. This ability of the transformer to transform a I:I
I:l given impedance into another impedance provides us a means of impedance matching to I:I
& ensure maximum power transfer. &
I:l In analyzing a circuit containing an ideal transformer, it is common practice to eliminate I:l
I:l the transformer by reflecting impedances and sources from one side of the transformer to I:l
::1 the other. In the circuit of Fig.10.4, suppose we want to reflect the secondary side of the I:j
::j circuit to the primary side. We find the Thevenin equivalent of the circuit to the right of ::1
::j the terminals We obtain V4 as the open-circuit voltage at terminals a-b, as shown in ::j
¢ Fig.10.5(a). '8!
R &
R 62
R &
o 62
R &
o 62
3 &3
Pal Pal
* VA (3
ik

X
X
M
M
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M
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M
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M
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M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy

X
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R
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¥ Pal
(2 (2
DX 4

e rat
'8! '8!
:ﬁ: a L I Z, a L I :ﬁ:
:;: o — l:n —= — — 1:n — :;:
& D ! &
A =t - A
2 VvV A% Vv, Vo 1/0°V A% V, Z, rge
E:i Th 1 | V2 C—) SR VA1 1 | V2 2 E:i
(O b 8
K @ () &
E§ Fig.10.5(a) Obtaining V+, for Fig. 10.4, (b) obtaining Z, for Fig. 10.4. §
A A
. : s
3 Since terminals a-b are open, I; =0 = I, so that V1 =V, Hence, From Eqg. (10.13), o
'8! noon : - : : S
::j To get Zm, we remove the voltage source in the secondary winding and insert a unit ®
;:j source at terminals a-b as in Fig. 10.5(b). From Egs. (10.13) and (10.13), *
'8! _h_"R1 _ 2% — 3
::: ZTH 11 Yl?’llz le ) VZ 22]2 (1018) :::
'8! '8
(3 Z : (3
'8! 2 n-Z, Z, '8!
Yal Z, n c ral
o a 62
% — 1+ 11 %
'8! T T '8
o +> , N Vanv C_) Vv, C_) v, s
:.: VSI C_ ‘ 1 C_ T sl ¥ & :.:
R - - 62
’:‘ O O ’:‘
0 b d 0
val . . . . . . . . . . "a'
% | Fig. 10.6 Equivalent circuit for Fig.10.4 Fig. 10.7 Equivalent circuit for Fig.10.4 | g
::: obtained by reflecting the secondary obtained by reflecting the primary :::
::: circuit to the primary side circuit to the secondary side :::
3 03
::: 1)  The general rule for eliminating the transformer and reflecting the secondary :::
::: circuit to the primary side is: divide the secondary impedance by n?, divide the secondary voltage by n, :::
::: and multiply the secondary current by n. :::
::} 2)  The rule for eliminating the transformer and reflecting the primary circuit to the secondary side ::j
::j is: multiply the primary impedance by n?, multiply the primary voltage by n, and divide the primary ::j
' current by n. '8!
R &
p Dy
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a! !

& Example 9:An ideal transformer is rated at 2400/120 V, 9.6 kVA, and has 50 turns on the | g
w | secondary side. Calculate: (a) the turns ratio, (b) the number of turns on the primary side, |

w | and (c) the current ratings for the primary and secondary windings. 8
ral - al
e Solution: '8!
3 vy 120 &
& @n=-==—=0.05 &
8 1 2400 8
8! N, 50 '8!
% (b)n=—= -005=— - N; =1000 turns '8!
}i‘ Ny Ny ’i‘
:;: (C) Sl = V1]1 = Vzlz == 96 kVA :;:
(2 8!
:2: 11 — 9600 VA — 9600 VA —4A :ﬁ:
:g 961610 VA 926%(())0VA I 4A :g
8 I, = = =80A or ,==>=—=80A 8
al Vv, 120 n  0.05 al
Yal "al
o al
s | HW.T: The primary current to an ideal transformer rated at 3300/110 is 5 A. Calculate: '8
:2: (a) the turns ratio, (b) the kVVA rating, (c) the secondary current. :i:
® Answer: (@) 1/30, (b) 16.5 kVA, (c) 150 A. 03
o al
E§ Example 10: For the ideal transformer circuit of Fig. shown, find: (a) the source current E§
;g 1, (b) the output voltage V,, and (c) the complex power supplied by the source. ;%
¢ Solution: | 3
’.‘ . I _JGQ I, Y
s (a)The 20Q impedance can be reflected e «?\fm W 1 —= (3
% to the primary side and we get R b
::: P 20 20 ‘0 120£0° Vrms (1) v, 3[gv, 20QZ2v, :::
¥ R™ 2™ 227 . ) T
33

& “Zin=4-j6+Zr=9—j6=10.822-33.69°0 &
8! 1202-0° 1202-0° o 8!
o I = = = 11.094£33.69° A s
:.: Zin 10.822-33.69° :.:
::: (b) since both 1; & I leave the dotted terminals, :::
&3 &
% I, =(—-) L =—5545,33.69° 4 &
'8! n '8
& Vo =201, =110.9£213.69°V &
E:i () S; =V, I = (12040°)(11.092—-33.69°) = 1330.84—33.69° VA E:i
;gj H.W.8: In the ideal transformer circuit of Fig. shown, find V,, and the complex power :§j
;:j supplied by the source. ;:j
& Answer: 20 I L 160 03
s MN——— 114 =, 9
& 214.7,4116.56° V, iy + + &
& &
& 120£0° V rms () v, §|| g v, V, == —j24 6%
;:j 4.2934—-26.56° kKVA - : _ ;:j
'8 '8
'8! A o
Lok
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'8 '8!
D- Al
s e
s : . : e
;3: Example 11: Calculate the power supplied to the 10- () resistor in the ideal transformer ;2:
A - - - A
s | circuit of Fig. shown '8
A A
¢ Solution: 8!
"al . . . "al
3 Reflection to the secondary or primary side 00 03
O ; . ; . . N 2:1 e
¥ cannot be done with this circuit: there is MW o 0
- . . + + e
® direct connection between the primary and v, 3|E v, !
D< . . 2 <
:3: secondary sides due to the 30- resistor. We |, 50 v rms ® B . glog};i:
8 . - = I I, O
¢ apply mesh analysis. f—l) : 0
2 30Q <
& For mesh 1, &
Egi 501, — 301, + V; = 120 ..(1) Eg;
A A'
& For mesh 2, '8
A A
s —300 +40L, -V, =0 ...(2) '8
A . O
# At the transformer terminals, &
Yal 1 Pt
ra Vz - - — Vl ...(3) Pt
e 2 al
val ral
::: L=-21 ...(4) :g:
A A
;g Solve Eq.s(1), (2), (3) and (4), we get (3
::1 I, = —0.7272 A *
val . . ral
% The power absorbed by 10- (1 resistor is, :i
Pa Pl
I§1 p = (=0.7272)%(10) = 5.3 W 3
& | H.W.9: Find V, in the circuit of Fig. shown. &
ral Pal
s Answer: 80 3
'8! 3
'8! ANV '8!
::j 9% V + oy - ::j
R 4Q 2Q 02
R 1:2 A 02
¢S AW : AW\ 0!
R o 62
S 240,/0° V <_> | §8 Q
o &
R ¢ &
R &
3 03
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! VA '8!
Pal Pal
o e 62
'2'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’i’%":’:’l’l’l’l’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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a al
& 11) Ideal Autotransformers (2
8! - 8!

s Unlike the conventional two-winding transformer we have considered so far, an &
'8 autotransformer has a single continuous winding with a connection point called a tap '8
s between the primary and secondary sides. The tap is often adjustable so as to provide the &
¢ desired turns ratio for stepping up or stepping down the voltage. This way, a variable '8

;g voltage is provided to the load connected to the autotransformer. ;g
e s
& | An autotransformer is a transformer in which both the primary and the secondary | %
§ are in a single winding. Egi
<« Fig.11.1, the autotransformer can operate in the step- N 2

e down or stepup mode. The autotransformer is a type of
% power transformer. Its major advantage over the two- v (& W
w winding transformer is its ability to transfer larger
w apparent power. Example 12 will demonstrate this. -

w Another advantage is that an autotransformer is smaller @ el
val . . .. ral
% and lighter than an equivalent two-winding 1, e
rad - . — <
& transformer. However, since both the primary and - &
e Secondary windings are one winding, electrical isolation 1, . al

E:i (no direct electrical connection) is lost. The lack of
& electrical isolation between the primary and secondary v
I:i windings is a major disadvantage of the

N> Pal
I "2 |:] ‘L ’x‘

S (3
S autotransformer. (b) S
% For the step-down autotransformer circuit of Fig.11.1(a), Fig.11.1 8!
V2 _NitNp_ gy M 111)
::: Vl N2 N2 c oo . :::
& S1=Vli= VI3 =5, .(112) %
ral Pal
::: v = V,1, ...(11.3) :::
§ (114)
W — = . Pal
::: I Nqi+ Ny I:i
;g For the step-up autotransformer circuit of Fig.11.1(a), ;?
>.1 V2 N1+ NZ NZ >.1
e &
::j V1 Ny Ny ::j
::: Sl = Vlll = Vz[z = Sz (115) :::
::: Vlll - Vzlz (116) :::
o I Ni+ N N 8
g =12 142 L.(117) ¢
s I, Ny Ny &

% A major difference between conventional transformers and autotransformers is that the &
® primary and secondary sides of the autotransformer are not only coupled magnetically but ¥
% also coupled conductively. The autotransformer can be used in place of a conventional 8|
¢! transformer when electrical isolation is not required. (3

P< A <
X%
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w | Example 12:  Compare the power ratings of the two-winding transformer in Fig. (a) and |
% | the autotransformer in Fig. (b).

s Solution:

e For the two winding transformer, the power
% rating is,

’al 5

S S; = 0.2x240 = 48 VA 28 B

% or S, =4x12=48VA LR I PR

:2: For the autotransformer, the power rating is, u0v VL SEV. 12v

S S; = 4.2x240 = 1008 VA - - : - 5 %
% or S, =4x252=1008VA @® ®) s
val . . . . "al
3 which is 21 times the power rating of the two- 3
::: winding transformer. ::1
s s
& | H.W.10: Refer to Example 12. If the two-winding transformer is a 30-VA, 120/10V &
¢ | transformer, what is the power rating of the autotransformer? *
¢ Answer: 390 VA *
e s
¢ | Example 13: For the autotransformer circuit in Fig. shown. Calculate: (a)ls, 12 and lo if *
;g ZL=84-rj6 Q, and (b) the complex power supplied to the load. %j
;:j Solution: L S
;:j (a) This is a step-up autotransformer with, N *
& N, =80,N, = 120,; = 1202£30° *
Eg E — Nl + Nz — 200 1 80 turns - Eg
::1 Vi ZIOV(1) 20800 120 tums =~ ZL::}
D _ =% _ 4uu 0y — 0 o s 8!
:g V= oV = T (120£30%) = 300430V 120,30° v rms @ 11 :?
$ = 2=21"""=30,-687°A L - s
% Z, 8+j6 %
goaMrle 200 _ 200, _ 20030, —6.870) =752 — 6.87° A %
o Lo Ny 80 17 8027 80 '8!
::: At the tap KCL gives :::
I§1 L+1,=1, >1,=1,—1, = 302£—687°— 752 — 6.87° = 452173.13° A I§1
::1 (b) The complex power supplied to the load is ::1
E§ S, =V,I; = |I,|*°Z, = (30)? (10£36.87°) = 9436.87° kVA I:i

¢ | H.W.11: In the autotransformer circuit of Fig. shown. Find currents 11, I and lo . Take
& | Vi= 1250 V, V,= 500 V.
% Answer: 12.8 A, 32 A, 19.2 A
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& 12) Three-Phase Transformers &
s To meet the demand for three-phase power transmission, transformer connections &
s compatible with three-phase operations are needed. We can achieve the transformer s
% connections in two ways: by connecting three single-phase transformers, thereby forming ’s
s a so-called transformer bank, or by using a special three-phase transformer. For the same '8
¢ kVA rating, a three-phase transformer is always smaller and cheaper than three single- &
s phase transformers. When single-phase transformers are used, one must ensure that they &
¢ have the same turns ratio n to achieve a balanced three-phase system. There are four g
%8 standard ways of connecting three single-phase transformers or a three-phase transformer s

3 for three-phase operations: Y-Y, A-A, Y-A, and A-Y., *
% For any of the four connections, the total apparent power S, real power P+, and reactive ’a
Pal rat
A - A'
' power Qr are obtained as '8
A A'
Yad A
% Pr=Srcosf = V3V, cos6 ..(12.2)
val . ] al
:2: Qr = Sysin@ = 3V, I, sinf ...(12.3) :::
&S 8
'8! : . 3
:g Where, V. = line voltage , I_ = line current &
'8! '8!
al . . . . . al
% (Vi = line voltage for the primary side, Vs = line voltage for the secondary side) e
8 _ . _ . . 8!
::1 (Ip = line current for the primary side, 1.5 = line current for the secondary side) ::1
& &
o 62
o 62
::j For Y-Y & A-A transformer in Fig.12.1(a)(b), ::j
ral Pal
::: Vs = nVLp ...(12.4a) :::
(2 I ()
ral _lip ral
:g Is === ...(12.4b) :?
% For Y-A, transformer in Fig.12.1(c), 0>
% TlVLp }:1
8V, =—% ...(12.5a) 8
::: Ls V3 ( ) :::
'8 V31 '8}
. . )
& For A-Y, transformer in Fig.12.1(d), &
'8! 3
& Vis = V3V, ..(12.68) %
8! Iy, 8!
b — _Lp <
::: Is - ...(12.6Db) :::
R &
R 62
R &
o 62
R &
o 62
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¥ Pal
(2 (D
< a
(3 Iip '8
8 — 1 8
S K
A + O
CR '8
s T 3
K K
A A
8! 8!
R Y S
& o K
A A
8! 8!
< . at
% (a) Y-Y three-phase transformer connection e
8! 8!
s _ s
< I, L= e
a! — : 2!
= o 1:n o) 7 = I Lp a4
o+ + L:= 0
A A
Yal . n VL P I L ny3 Pt
}X‘ dtb\ VL = — p’ 1 n — O ’;‘

P2

+

P@ o o . ) V3 C )

’al % I - +

Yal pe e
oy ° v & c
al Lp & Le o ° = Yt
7/ \ - \/
:e: r{l —_ -l VL:=HV3 le :e:
& . 3 &
. A
8! N © 8!

o % & e 05
S o . Yl
R '8!
Ig (c) Y-A three-phase transformer connection  (d) A-Y three-phase transformer connection %
K2 Fig.12.1 &
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! . — . '8!
::1 Example 14: The 42-kVVA balanced load depicted in Fig. is supplied by a threephase ::1
::1 transformer. (a) Determine the type of transformer connections. (b) Find the line voltage ::1
::1 and current on the primary side. (c) Determine the kVA rating of each transformer used in ::1
::j the transformer bank. Assume that the transformers are ideal. ::1
::j Solution: 1:5 4 :::
¢ (a) The transformer is Y-A connected ao 3 03
e 2 e ra0v | 42kVA (3
& (b) 240V K
y.q B | Three-phase ;‘q
s Sy 42000 bo e load 8
(S Is = = = 1014 3| E S
* V3V, /3 %240 4= - *
? »
:.: \/§ ILp \/§ ILp ,_: .}’L :.:
¥ I = ~101 = = s
y.q n 5 - A
3 03
'8! '8!
& o I, =292A o
R '8!
'8! '8!
'8! vAg '8!
& <(25)> &
'2’1’X'X'X'X'X'X'X'X’X'X'X'X'X’X'X’X’X’X’X’X’X’X’X'X'X’X'X'X'X'A'X’Z’%K’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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:;: Vis = NG - 240 = 7 :;:
A A
e al
e al
& .V, =8314V &
a " Vip . <
e a
'8! : : '8!
# (C) Because the load is balanced, each transformer equally shares the total load and since ¢
® there are no losses (assuming ideal transformers), the kVA rating of each transformer is *
'8! s 8
& S==14kVA 03
# Or from primary side Y 0
e e
val VLp = VLS = 240 <
o al
§ | = w292 _ S
$ lis=—%="="58344 %:
& S =240%x58.34=14kVA &
e Or you can find it from secondary side A '8!
A A
o a
o a
o al
o al

s | HW.12: A three-phase - transformer is used to step down a line voltage of 625 kV, to |7
| supply a plant operating at a line voltage of 12.5 kV. The plant draws 40 MW with a | rg
'8 lagging power factor of 85 percent. Find: (a) the current drawn by the plant, (b) the turns | rg
% | ratio, () the current on the primary side of the transformer, and (d) the load carried by |

e e
s | €ach transformer. '8!
A
& Answer: (a) 2.1736 kA, (b) 0.02, (c) 43.47 A, (d) 15.69 MVA. 8
0 &
’ - - - - - -
;:: H.W. : find iy, iy, and iz in Fig. ::1
& : &
::j Answer: iy 70 Q 2H :::
S =AW 21 '8
& I, = 0.4654,-70.25° A L8 3
8! 0!
8! _ S
' I, = 0.21142—75.75° A 10Q 3H, 3H &
o] —A— T U1 o
’:‘ 0 Til k. 28 tj‘ %
e I3 = 0.1095217.15° A 15H ' 0>
'8} 60 cos (1271 — 10°) V (f) 4H (f 40 cos 121 V 18
& Or * (3
'8! 270 uF :.:
& iy = 0.4654 cos(12mt—70.25°) A 1 63
p< s
A ()
p< !
% i, = 0.2114 cos(12mt—75.75°) A 5
'8! '8!
Pal Pat
A )
& i3 = 0.1095 cos(12mt + 17.15°) A &
D< s
%! S
8 3
%! S
S 3
g S
S 3
s VA 0
3 <(26)> &

>
X
M
M
M
M
M
M
Y
M
M
M
B
M
M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy

X
»d
X
R

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Iy
X
X

OO0
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& HW. : findi, in Fig.

at Answer:

'8 160 cos (47 + 50°) V (j)

$ 2.012cos(4t + 68.52°) A AW AW

6 H

& | H.W. : find Vi & V, in the ideal transformer circuit of Fig.

e ANnswer:
& 80 Q

—j40 Q

4:1

s 91.12£37.92°V, M
¢ 22.78,-142.1°V

& 120,/30° V C_f)

|
I
+

+
vi 3lIE v,

20Q

§6Q
ngO Q

% | HW. : find V1 & V; in the ideal transformer circuit of Fig.

¢ Answer:

20 Q j15Q

& 138.82£28.65°V, 208.2£—151.4°V v prbon

'8! 220,/20° V (j)

v, %” E v, - -j16Q

[X
X
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
).1
bl
bl
bl
X
b
b
bl
bl
bl
b
X
X
)
N
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
h
p
b
b
b
b
| X
X
| X

OO0
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'8 '8!
D- Al
s e
% 7) CONDUCTIVELY COUPLED EQUIVALENT CIRCUITS %
O . . . . . . . . O
& Itis possible in analysis to replace a mutually coupled circuit with a conductively coupled &
3 equivalent circuit. For Fig.9(a) the mesh current equations are, o
® Equ.s (27) & (28) can be written in matrix form as: *
'8} R+ jwL —jwM |[I;] [V 8!
& 1 11_ (V1 02
e . 2 s
e s
'8! Z11 Z1-5][1 \% '8!
$ or 11 12” 1]2 [ 1] &
:ﬁ: Z21 Zylllzl 1V :ﬁ:
s S
®  Note that: *
al . Yol
& 1) the first loop impedance is the sum of first column impedances &
::: (le+221 = R, +_]'(1)L1 —jw_M) _ :::
& 2) the second loop impedance is the sum of second column impedances &
::: (Z]_Z+Zzz: RZ + _](L)Lz _](l)M), ] ] ] :::
& 3) the common impedance between the two loops is the diagonal impedance (-Z;1 or &
:ﬁ: -y = ]a)M) :g
::1 the conductively copled circuit is shown in Fig.9(a). &
(3 R R R, JeL—M) jel—M) g S
'8!  AW— — AWA— AW\ 0 —AW '8!
ral . at
: ~ Y m ™ L om
8! L I I Iy ,a
o g B v Y e o
& &
& &
::: (@) _ ®) :::
(3 Fig.9 e
;:j Note : The above method of analysis does not always lead to a physically realizable ;:j
;:j equivalent circuit. This is true when M > L; or M > L. ;:j
'8! '8!

% To replace the series connection of the mutually coupled coils shown in Fig.10 (a), 8

$ i i i i : 3
& proceed in the following manner. First apply the methods described above and obtain the
K dotted equivalent shown in Fig.10 (b). Then replace the dotted equivalent by the 3
¢ conductive equivalent shown in Fig.10 (c). %
3 e
% Juld }:‘
'8! 2 . 3
w e L e ) '.‘
% [ _| —AWW—= 0 — T - &
::: V wl I_l joLy B JuLy july R, julLy + Lq — 2M) :::
July
s @ _ ® @ *
& Fig.10 &
$ *
(> SAg 3
! <(28)> %

v,

'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X'X'X’X’X’X’X’X’X’X’X’X’A'X’i’X’A'A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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Y Pat
% 3
8 e
s S
@ o (] (] ’;‘
:e:L,tectuu () ]] WMagnetioally Coupled Coreuits S
A A
2t (74 (74 7 (2
s S
D< <
% Problems %

%% | H.W.(1): Two coils have a coupling coefficient k = .85 and coil 1 has 250 turns. With a |8
s | current i; = 2 amp in coil 1, the total flux ¢, is 3.0 x 10~* weber. When i, is reduced |8
¢ | linearly to zero in two milli- seconds the voltage induced in coil2 is 68.75 volts. Find | &

® | Ly, L,, M and N, *
¢ | [Answer: 37.5 mH, 150 mH, 63.8 mH, 500] *
¢ | H.W.(2): Two coupled coils, L, = 0.8 H and L, = 0.2 H, have a coefficient of coupling k = | &
¢ | 0.90. Find the mutual inductance M and the turns ratio N;=N,. o
¢ | [Answer: 0.36 H, 2] *

¢ | H.W.(3): Two coupled coils, N; =100 and N, = 800, have a coupling coefficient k =0.85. | &
¢ | With coil 1 open and a current of 5 A in coil 2, the flux is @, = 0.35 mWhb. Find Ly, L,, and | &

e | M e
e | e
¢ | [Answer: 0.875 mH, 56 mH, 5.95 mH] *
;%} H.W.(4): Two identical coupled coils have an equivalent inductance of 80 mH when | §
;:j connected series aiding, and 35 mH in series opposing. Find Ly, L,, M, and k. o
;:j [Answer: 28.8 mH, 28.8 mH, 11.25 mH, 0.392] o
;:j H.W.(5): Write the mesh current equations for the coupled o
'8 | circuit shown in Fig. shown. Obtain the dotted equivalent — '8!
| circui i i 4 L 62
'8 | circuit and write the same equations. LEp M : o
'8! '8!
s | [Answer] WK

S

Pat b i' Pat
3 ¢ 3
3 d di, B ‘ '8!

. L2 .
:0: (R2+R3)12+L2_+R311+M =7 :‘:
K3 ~ dt dt e
e | HW.(6): Obtain two forms of the dotted 03
. . . . . A
;g equwalent circuit for the coupled coils shown in o] 2 5 :§1
e | FIg. < !
val 200 mH 100 mH Yal
o ¢ 62
o 2
& — 6
& 2
& 62
X 03
el 50 mH | s
% Pat
o | [Answer] 3
(3 70.7 mH 70.7 mH &
3 0
'8 o
% 03
8! 50 mH 35.4 mH 50 mH 35.4 mH al
e I VR o
O A W‘W B A O Ty AAAA ry vy QB "‘
::: ® 500 mH 50 mH 100 mH 200mH® SO0mH® ®j00 mH %
¥ (@) (b) &
>:< Ay ':‘
S <(1)> £
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| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g

Y,
8 e
\/ - . P
Igl H.W.(7): The three coupled coils shown in »:1
Igl Fig. have coupling coefficients of 0.5. Obtain g g Igl
Igl the equivalent inductance between the 4 b Igl
® | terminals AB. 200 mH 100 mH (3
'8! u_! b g
s S
® | [Answer: 239 mH *
& | ' ] 50 mH 0
s S

% | H.W.(8): (a) Obtain the equivalent impedance at terminals
% | AB of the coupled circuit shown in Fig. shown (b) Reverse
¥ | the winding sense of one coil and repeat. sad

_—y
L

® | [Answer:(a)3.4£41.66°Q, (b)2.54.5.37°Q]

::1 H.W.(9): For the coupled circuit shown in Fig., find the input .,

al | . - 8!
::: impedance at terminals ab. ;31
ral . et
% | [Answer: 6.22 + j4.65 Q) f4ﬂ< 3
el (3
¢ &
)

% b O ':‘

s | H.W.(10): Two coils are mutually coupled, with L; =25 mH, L, = 60 mH, and k = 0.5. | '8

;:j Calculate the maximum possible equivalent inductance if: (a) the two coils are connected ;:j
;:j in series (b) the coils are connected in parallel ;:j
;:j [Answer:123.7 mH, 24.31 mH] ;:j
¢ | H.W.(11): For the three coupled coils in Fig. shown, '8!
& | calculate the total inductance. B ¥

8! o—211 2112 A o | e
(> 6H 8H 10H 3
o [Answer:10H] s
;3: H.W.(12): For the coupled coils in Fig. shown, show that o v ;::
0 ! Q3
Pat 7 — Pal
2 LiLy, — M~ 2
Pal d Pat
& Loy = et ',__;;'/ Y SR
'8! Ly + L, —2M L = = L2 |6
'® | [Answer:] '8!
0 | QS
8! 3
8! 3
'8 L, 3
'8! 1 3
'8 vAg (3
(3 <(2)> (3
S eTeaiv, 0
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-0~ O-O-Or- OO O
700~ 0-0-0-O-O-O-O-O-O-OX
700~ 0-0-O-O-O-O-O-O-O-OX
200~ 0-0-O-O-O-O-O-O- OO
200~ -0~ 0-O-O-O- OO~
P tatad 'Q'Q'Q'QXQXQAQAQA a¥al
%OXOXOXOXOX*XOXOX*XOXOX&&&OA A¥A%

Electrical Circuits :::
L . 2nd Class : 0
:: University Qf @ydﬁl Lecturer : Wisam N. AL-Obaidi ,::
& Engineering College Year (2015-2016) 03
:: Electronic Department &
. = M, \/
Eg‘ to the network shown in Fig. ’ AN Egi
(> “\Ni ect to i &S
B | oo carve a cxtreston for B it vh i M w3 Eso 4 |8
8! derive a - &
% | shown, : lues. a
a . mum va 2
® Ive maxi !
& | set to their respect - — 3
al - 8
8 8
'< \_/
% | [Answer -
8 e
8 e
"al . P
2 Al
8 - e
» i it shown in s s s — al
§| HLW.(1): In the coupled CIrC\leha\t voltage s L &
% | Fig. , find V/, for which 1,= 0. o AN %
a s . ive reactance +> j8Q S
& appears at the 8 Q inductive 100,0° V(‘ &
& | this condition? *
Yal . 2
s | [Answer: 0 at dot)] K3
8| 141.42-45°V,10020°V (+ nce X (5
¥ . Find the mutual reacta a0 X 3
% [ H.W.(15): Fin ig, if the average $s0 |8
<A ircuit of Fig, if the , > j10 0 t SRS
2 h COUpIed Cl . + jsa L/ A
| for the . . . 10700 v{? Pl
g - Q resistor is 45.24 W '8
8| power in the 5Q r
02 03
% | [Answer:4Q)] s
s : 10t A in the circuit of 30 M ox 3
%[ H.(16): Let is = 2 cos stored in the MR ¥
| : | energy &
| . nd the tota ot
:g Fig. shown, and fi 0 if k = 0.6 and terminals x i @) 0.4 Hg 25H :g
& | passive network at t = o hort- . &
e | Pa ited; (b) sho ) '8!
&land y are (a 8
% | circuited : (3
¢! | circuited. 30 I mF e
:3: [Answer: 0.8 J; 0.512 J ] ig, (a) draw the phasor A — '8!
s : For the circuit of Fig, h ) SRPINK?
B oo () vt 1 o o e P c.00) 3B
4 s A 2 mH \
E:: representation; (b) w - y (t) = 8'sin 720t V. Y ImH * ©2m E::
’:‘ uations; (c) calculate i,(t) if v, . ~ %
% | €] ' o P
(3 M =500 nH KD
! . _ al
| T ——————
S . For the circuit of Fig. ’ '8!
% | H.W.(18): i,= 7 sin 2t A, y &
K2 2 H. If ix= 8 cos 2t A and I, Vs S
% | H, and M,= : s 8
Pal . " Pal
() ' . : (€) Vee. i (1 _-{}HE 5
% | calculate () Vas; (b) Vaag; (C) ® ~ ] $
:.: M; ™ B g
& . &
% | [Answer:] &
%
K (3
(> SAo (3
(2 =
::: <,1P@>§.
(

OO SOOI
AVAATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAA
IO

MO

SOOI
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% . . . e
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(3 Q3
x| H.W.(19): Determine an expression for 5 8!
% | ic(t) valid for t >0 in the circuit of Fig. © P o | &
® | shown , if v (t) =10t%u(t)/(t*+ 0.01) V. (3
:g s 10 mH 40 mH ~ 1 pF :g
e : S
& | [Answer:] (2
Pa s} | ! : ral
D< " <
& | HW.(20): For the coupled inductor L &
A 0 ] [ e — e
# | network of Fig.a, set L;= 20 mH, L, = 30 + . 0
e e
® | mH, M = 10 mH, and obtain equations for Vi 1 g’-' 0
& | va and vg if (a) i;= 0 and i,= 5 sin 10t; (b) ot M| &
Yal e 2
# | i;= 5 cos 20t and i,= 2 cos (20t — 100°) \ Lo 8
val . C ) - ral
::: mA. (c) Express V; and V, as functions of :i:
::: I xand Igfor the network shown in Fig. b. (a) - :i:
A A
= (b o
e e
e | [Answer:] %!
e e
'8! '8!
al P - Pal
x| HW.(21): Note that there is no mutual coupling ‘0 . :%
al . - . . . <
»:< between the 5 H and 6 H inductors in the circuit of Fig. AN o :%
val . . . . . al
% | shown. (a) Write a set of equations in terms of I;(jew), _nj/’ fou |1 e
'8! : : : o ’ '8!
% | 1,(jw), and I3( jw). (b) Find I5(jow) if @ = 2 rad/s. —n —n '8!
.:q 5H . 6H ll\. %
0OH 1 )
E:i [Answer:] ooy (9 g“l §5“ ::3
&3 : &3
'8! : '8!
'8! — '8!
'8! '8!
::1 H.W.(22): Compute v;, Vv,, and the average power . I:I
::1 delivered to each resistor in the circuit of Fig. shown. - ::1
'8! '8!
'8! '8!
* | [Answer:] 3
ral Pal
(< dcos 5tV (A £
% COSs . e }:‘
'8! '8!
'8! '8!
'8! '8!
'8! — (3
% | H.W.(23):find i, in Fig. (3
ral Pal
'8! '8!
;:: [Answer: ;::
| 2.012 cos(4t + 68.52°) A] 160 cos (41+50) v (1) '8
R 62
'8! '8!
'8! '8!
Pal Pat
>.1 8Q iy >.1
Pal Pal
§ Ay 3
¢ s O 4
) Ty, 03
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| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g
'8 '8!
% | HW.(24):  Obtain  the  Thevenin J20 (S
Igl equivalent circuit for the circuit in Fig. 5Q ,/\ J3Q Ig:
& | shown at terminals a-b. B A J £
Pal 16 €2 8 () <
% [Answer:V1, = 5.349434.11°, Zm, = 10/90°V ® 20 2 j\ 4/0° A %
& | 2.332£50°0hms] b ‘ &
s | H.W.(25): Find the Norton equivalent for the circuit 50 Q j20 0 '8
Al | . . P T 7 —— O
% | In Fig. shown at terminals a-b. T —oa |
s A S
s S
a4 ) PN L Jisa a4
;i: [Answer:ly = 1.404£9.44°A, Zy = (1 + j19.5) seo30°v (Z)  jloQ ;::;;‘j ;i:
A T - Al
s | ohms] . g
s s
¢ | H.W.(26): Find the Norton equivalent for the I *
& | circuit in Fig. shown at terminals a-b. 8Q —ﬂlﬂ P 03
O } ‘Hu\- 5 "
L T g
’A‘ _ o +"\ R =) (= . -f.';: ’A‘
% 1200° Vv (Z) jaQ g £J6Q =20 |
;:j [Answer: Iy = 1.62464£-12.91°A, Zy = ‘ [ ‘ 1 b ;g
s | 1.894219.53°0hms] ° s
'8! . . . S
;gj H.W.(27): Find the Thevenin equivalent to the left of ‘o k=05 o
¢ | the load Z in the circuit of Fig. _f” Yy 22 s
s o .--l' !
Pal . = 2 Pal
I§1 [Answer:Vry = 61.372-46.22°A, Zry = (2.215 + | ses gro I§1
3 j29.12) ohms] 12000V () L K
(3 44760 0>
'8! / '8!
ral - - - Pal
::: H.W.(28): For the network in Fig. , find Z,, =~ ™= k=05 :::
(D ﬁ__ 480 g 180 30 }.
3 and . S R I 3
ral Pal
% == 05F ’._ —‘ >:<
ral . ) . ~ Pal
>:< ] o . 1252tV (1) l H3 E1H = 2H >:<
¢ | [Answer: Zg, = 1.5085£17.9°0hms io = - 22773 © K
% | 2.25in(2t - 4.88°) Al | ] k
( 4
& . 8,
;:j H.W.(29): Two linear transformers are cascaded as M, M, ::j
‘s | shown in Fig.. Show that AR Y 3
::: W R(L2 + L,L, — MY e NP i ::j
& - +jw (L2, + L L) — L M2 — L, M) L3 EL L3 EL RS |k
8| B v LT T
(s w L, Ly + L} — M2 —jwR(L,+ Ly) |T’ '8
'8! N '8!
® | [Answer:] s
'8! : '8!
::: YAy :::
S ¥ S
'8! orTesiv, 23
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Pal - - A A

& | H.W.(30):FindV,in the network in Fig. shown. o
al al
:ﬁ: 610 :ﬁ:
8 at
:ﬁ: 24,{0;\#(:) 6 () ,ﬁ:
:;: jan 29 j40 :;:
}i{ AN .(\"‘"V'\ f \\ .f"""""\ ’%
:;: 61 :;:
O i A
(2 . i1a== V, e Pal
E:i 4;13: 2_D_V<> 10 _3:2;1 5.:2;1 (DSLE-_V ::3
2 O
al al
Yal ; Pad
2 | [Answer:] &
4 " " " " <
§ H.W.(31): Find V, in the network in Fig. shown. o e :gi
A F 1L N\
Yal [ F . Pl
§ [Answer:] g firo §
::: () 4/0° A 112 :‘EH! () ‘-r= :::
) 6/0° A A
ral 210 = rat
al al
8 i Pl
al al
§ H.W.(32):Find V, in the network in Fig. shown. j20 > §
O A
'8! + I
—_— e O
'0‘ y | ; 100/0°V :) 200/0°V Pas
’.‘ I '|'|j _--.:"_.I'. | ?_-,r.?'ﬁ l,-'l ) . a. ) v %
s i | j50 } E;zn s20 o :;:
::: [AnSWer:‘ o i ] 100 == —j100 ’%
val ral
62 03
ral - Pal
0 0
ral Pal
0 - - 0
;:j H.W.(33): Determine the impedance seen by the _ o _ ;:1

- - - —1 {1 - —j1 £

;:j source in the network in Fig. shown. e d ;::
ral . Pal
':‘ Zig o j3a { j2 0 ‘él 0 ':‘
o | [Answer:] ’ %
0 60 K2
K 330 EJ‘“E ()
(2 (3
03 -2 0 o
'8! It >.<
P.‘ _ _ N y.q
& | H.W.(34): Determine the impedance seen o &
& | by the source in the network in Fig. —i (3
K h 510 %
% shown. éjd 0 %1851 '0‘
s j2n o
:.: L 60 :‘:
% [AnSWer.] 2400V :) j3n i E 80 AAM ’:‘
Pal . P4
8! ==-j40 §J3ﬂ S
3 3
'8! 3
'8 3
'8! 8!
'8 3
'8! '8!
'8 3
'8! 8!
'8 3
Pal Pal
§ vAg (3
% <(6)> S
0 ovaTaoive 0
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e _ Electrical Circuits '8!
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& Engineering College a Lecturer : Wisam N. AL-Obaidi O
:: Electronic Department Year (2015-2016) g
2 62
s - f X ; &
& | H.W.(35):determine the value of Xc 10 J24) &
L. is equal to aae %
& | such that the output voltage is eq AWV 7 o
% | twice the input voltage. o ”,f--l'u v |8
O ¥ (n = v, %
::j : v (—) L poaN__s | -iXca :%
$ Xc=212 S
8 ¥ (3
& | [Answer: = ] o 1 (3
[ H.W (36):determine the value of the capacito joM = jo ) L %
s | H.W. : __ 2
3 C that will cause the impedance seen_b)_/ the 120 I\ a0 %
\/ A'
K 24,0° V voltage source to be purelyresistive, f S
\/ A'
E:i —60 Hy. . . 1051§ :g
5 [AI’]SWEI’] - . 24,»00\.;(—) 10 1 E}ED 0 :;:
:g . = ’ T jsu{ R
D . Pa
e 933.9.F | eiddor MEL 5
}" bl \ /
o QﬁfF gt | '8
3 - 63
5 : —— . 4/0°V '8!
& | H.W.(37):Given the netw_ork in 50 R0 N K3
I:I Fig. shown, form an equivalent W It N K>
I:l circuit for the transformer and oLide 202y K3
I:l primary, and use the resultant 12@\,(:) j E o %:
3
& | network to compute V. - |8
Pat
::1 Ideal e
o}
® | [Answer:V,= 3.12,38.66° V] _ 210 K3
::j H.W.(38):Determine I, , I, , Vi, and V; in W &
% | the network in Fig. shown. 210 L., b (3
'8! AW . - A
el 62
:‘: . +® + ’:‘
& | [Answer: L , } g v {;‘2;1 e
% |V, = 1.712-160° V. oav(®) 203l v, s
3 : -
& | V1 =0.85£20°V; &
::1 I, =1.542166.3° A, \deal I:I
1
& | 11 =3.08£-13.7° A] %
& | H.W.(39):Determine I, 1, 20 L 4. D4 &
. i oy - N !
::j V; and Vsin the network in N - :g
Pat H L]
::: Fig. shown. | E _ jf”’” K3
.g 10/30° V (:) —J1 10 ¥V, } v, '8
% | [Answer:] &
(D - [
e - 2
Pal ()
(D [
(> Ideal 0!
el 62
8! 2
S ()
s 3
S ()
Pat
(> Ny S
3 (7% s
63 e

IO OO0
ATAATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATA'A
PAVAYA%AYAYAYAYAYAYAYAYAYAYAYA!
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'8! 3
D~ A
e e
a - . — ()
& | H.W.(40):Find V, in the network in Fig. shown. 62
ral ) rad
% —e——~" S
radt 20 joq * Pat
2 <
:ﬁ: —j20== {;‘2;1 yg
ral el
,% A oL Je 20 ! v P%
3 2a/0v() i W 320 0 8
Pal S

’i‘ 320 :%
D< al
'8! - e
}i{ Ideal }i{
® | [Answer:] &
e : el
¢ | H.\W.(41): Determine 1y, Iy, V, L L &
# | and V,in the network in Fig. W —' 22— - &
. 111 + 140 11 + Y ¢
* | shown. . *
:ﬁ: 24/30° V (_) —j1 0 ¥V, 3||E. i ni Vo, 10 Eg
o _ _ s
o al
:ﬁ: Ideal :ﬁ:
val - ] o : "l
:§:FI‘L= 24.0 [-108 AH Vi= [7.0 [-15° V 3
Al o A
e — *
':‘ i O / s—-n V o ':‘
8| | Vo= [ 1¢ I = 170 [ 15° A (3
p<) - 8!
'8 H.W.(42): Find V, in the network in Ideal '8
& | Fig. shown. WA e 3
'8! 10 + + et
& o T, . 20 e
ral Pal
& | [Answer:11.32£45° ] v 3llE v, &
p< - - D<
& o [ v | &
() 24/0°V (_) _ _ 203 o | %
& y [ 02
& 02
& 02
% 20 yzq
ral - Pal
O O
ral Pal
' | H.W.(43): Find V, in the network in Fig. shown. » I 0
% 40 . —j8 (1 + %
" ~ 1 ~ }‘
::: a2 /0° v C_) j“E 603 v, :::
0} ¢ (2
ral Pal
O - (2
o | [Answer:1.962129° ] e P e WOV '®}
}.‘ _isq T Ideal p‘
() i} e, O
'8! * '8
Pat Pal
& 02
O ()
,d Eil% P.{
ral Pal
O . ()
! jz0 s
'8 oo '8
'8! '8
Pal Pal
G2 62
02 &
G2 62
O O
Pal Pal
O o
'8! '8
Pal Pal
(< vAg s
(S <(8)> &

Vv Teror

OOV VDV DDV VDV VDV VDDV VDV VDDV VDDV VDO
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'8 '
D~ A
e ral
A - . <
§ H.W.(44): Determine the input 10 L 4 10 :gi
% | impedance seen by the source in w R W &
a N <)
% | Fig. shown. Ly de 62
:i: g Vg (:) —1 Q== v, }”{ vV, —j2a== 2513 :ﬁ:
'8! ' '8!
& | [Answer:1.422- 43.9°] - - 0
! Ideal 8t
¢ | H.W.(45): Determine the input impedance seen by the e e ®
'8 | source in Fig. shown. " '8!
’i‘ 480 P%
2t 1 . IR
;3; [Answer:] () | IE. ;3;
O —Jfro | &
&S 03
:g Ideal Ideal :g
® | H.W.(46):In the network in Fig. shown, if . *
v _ - - o rat
::j I, =4,30° find V. en %
a8 A— 12— a—y'i2 I &
:ﬁ: . o 20 20 L 40 i &
K [Answer: 3.5843.43° ] Rk 3
:e: L] - _"ﬁ 5! T - - :e:
- o -~ N\
:i: \_y(_) ;”E 1“2 }”E B80S :;:
3 03
'8! 3
'8! 3
::: Ideal Ideal :f:
I:j H.W.(47): With respect to the circuit depicted in Fig. shown, calculate (a) the voltages v, | %
% | and v,; (b) the average power delivered to each resistor. '8!
ral
o 62
(3 20 51 40 218 el
'8! o '8
:0: 25 cos 1207t mA G) 2.7 k() o 100 0 g :0:
'8! 3
'8! : 3
ral P - Pal
| H.W.(48): Calculate I, and V, as labeled in Fig. :::
al
% | shown. &
s 3
& | [Answer:] 02
o &
& e &
(< 188/—30° V(< &
& &
& &
::: H.W.(49): For the circuit of Fig. shown, vs= 117 sin 500t :::
& : : 03
;:j V. Calculate v, if the terminals marked a and b are (a) e ;:j
;:j left open-circuited; (b) short-circuited; (c) bridged by a 2 - ;:j
3 Qresistor. ’ o K3
~ <
::: v, C_ ‘H E §4n %
o | [Answer:] S
Pal Pat
R ; &
§ YAy 3
3 s O'g s
! v Teaiv. 23
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(3 Q3
D~ A
8 e
& [H.W.(50): For the R, , R, J &
Pt - - - : y a — ad
® | circuit of Fig. shown, R, A\ AW 0
ral . . . rad
% =1Q R, =4 Q, and - '8!
® 2c0s 100V (%) % E |_35;1§ g E gm. &
;g R.=1 Q. Select a andb ;g
&|to achieve a peak . &
& | voltage of 200 V 0
® | magnitude across R,. 0
8 : e
& | [Answer:] &
& | H.W.(51): Determine the  Thévenin - 30 &
® | equivalent of the network in Fig. shown as  “© VWV &
¥ | seen looking into terminals a and b. * *
>X< + qu
(3 111§ gm% <_ 0L 1%
% | 1A : s
& | [Answer:] l &
7/ l \/
at : at
! b ha "l
s s
o . ] a4
;i: H.W.(52): For the circuit of Fig. , take c= 20 zb ;i:
A . A
::1 —2.5 mS and select values of a andb such VWV &
::1 that 100W average power is delivered to K
val f N ral
;:: the 8Qload when V= 52-35-V. ‘C’D ”3<T> é H‘ E 8£!§\; ;31
&3 S
'8! '8!
'8! . '8!
* | [Answer:] 3
'8 S — . . 02
::1 H.W.(53): find V&V, in the ideal wo 400 ::1
::j transformer circuit of Fig. A | 41 ::j
s ; + 3
'8! '8!
# | [Answer: Vi %” E Vv 60 1%
::} 91.12237.92°V,22.7824—-142.1° V] 120.30° V @) o ::}
'8! : '8!
e J10Q |
'8! 200 s
'8! '8!
'8! '8!
D< . . . <
& |HW.(54): find Vi&V, in the ideal 200 j15Q S
9 | transformer circuit of Fig. W 4L S
::: 10Q )3 30Q :::
K3 A : AN K3
'8! . '8
o 220,/20° V Cf) ' . L 60 |8
k< = vi 3 E v T~ el
'8! - . '8
'8! '8!
'8! '8
'8! '8!
'8! '8
Pat Pal
3 &
'8! '8!
Pat Pal
R &
% [Answer:138.82,.28.65°V,208.2,.—151.4° V] .:<
::: YAy :::
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e ral
® | H.\W.(55): Obtain V; and V, in the ideal transformer circuit of Fig. &
a <
A - A
e ' rat
E:i . = - My ' + - e, Eii
I Y e - 1 b - “.'--.. Fa b o

s 2,004 (}) 2100 ViF[[EV, naz (})i/00a s
O T J \ = T O
e - - ral
e ral
e ral
< <
o | [Answer:v; = 4.186 V and v, = 4v = 16.744 V] &
:2: H.W.(56): In the ideal transformer circuit of Fig., find i;(t) and i,(t). :i:
:21 () () :::
o I 1L S
:f: R —1::n B :f:
Pt o at
al 2 & e 2
:g d,FE —_ :; ’::': :'\,___,»": P’m Cos wi :%
Rk
e ral
5 [Answer:iy(t) = (vis/Rn t A, and ip(t) = (~v/(n°R t A 5
(2 g ( ) = (Vm )CO§(‘) , a_n |2( ) = (__Vm (n“R))cose / ] MR
;%j H.W.(57): Find 11 and 1, in the circuit of Fig. below. (b) Switch the dot on one of the | ¢
;:j windings. Find I, and I, again. o
(3 i8 Q2 %
(3 L_ jiea 100 12 B8 L 0
::: — s ﬁ E ':' x_.q.ld_.-,_;.-__rl-_\l_| | |—".‘.'-'.h."",|-"-‘ I I :;:
0 . '8
(< 16,/60° V (2 == (L) 1030 9
'8! T of T '8
(3 | (3
'8! '8
'8! '8
::1 [Answer (a) 1, =1.0724£5.88°A, and I, = 0.536£185.88°A (b) 1, =0.625 £25 A, and I, = I:}
% | 0.3125225°A] (3
o | — et o
I:l H.W.(58): Calculate the input impedance for the network in Fig. I:}
?

::: 8Q  j120 _ 24 Q) ) 6Q »::
S ST T S
’:‘ = = r=, C. = . }:ﬂ
' 2 E SE —/1002 '8
¥ [io I ¥
::: b O :::
3 : 03
;:j [Answer:Z;, = (12.8 + }J5.6) ohms] ;:j
% | HW.(59): Use the concept of ~ 3
(> - - I, s -0 86 360 '8
¢! | reflected impedance to find the —= il 12 5% 1 8!
:.: . . | WOy 1] J—vvvv—l J—v\-..—l :.:
s | input impedance and current I, i L Je - L '8
% | in Fig. 20/0°V (3) 3| 3 E S 180 |
2 iy 2 4 4 4

::: | l . . I :?:
o | [Answer:1; = 8.95210.62°A] S
R &
8 YAy 3
3 Jug- s
) Ty, 03
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’: University of Diya Year (2015-2016) :ﬁ:
'8! neering College ¢ e
& Ergineering nt %
& zictronic Departme 40 Q G
% WA, 3
T € Yl
e the averag e
& HW(6O) Cad by the 20- Qresistor 100 1:2 - %‘
& | power dissipate e | &
& L <200 |
% | In Fig. °L S| E < 0
& BRSNS 5 1l & ' 8
% 5 W] O *s S ' 63
. 'y T - \/
8| [Answer: 11.0 b ’ &
8! &
S &
(2 at
% . : '8!
3 . ircuit of Fig. (3
0 circu . as
3 H.W.(61): Find l.and Vyin the j100 oo M 2:1 K
ral RTAVS . I, -~ et - N T
:%: —‘ + = || e Vo l ’i‘
A = = x \/
'8! Sie 8Q =V, o Je =720 :g
'8! N =[RS > | 0
03 120/0°V (2) Tt - ¢
o o o
& iX =1.08£33.91° A, Vx = the ideal wo L b S
§ | [ansuer. X = 10830 91" A, e e e |
& |, LTAbe). DEreI 9. 2| & T O
% transformer circuit of Fig 3lE 1 T g
% °A1;=2.0192- \—‘ ’:}
% 1, =4.0284-52.38° A, oy () 1‘? 602 :&
¢} [Answer: I, 382-52.2° A] 440,0°V (I) - 5 &
P“ llo A |3 = 1-3 : || \ : _}.50 Q :.:
% 52. , .|. ‘ E s
'8 0
)
S S
s ind 1, given ®
:0: hown in Fig, find 1y, /—726.57° A ;&
S he ideal transformer s A o = 4712200 %
'8} H.W.(63): For the L, = 10.0/=36.87 . s
(< /0° A L3 (S
:.: Ll - + T l }:‘
() - l;_* >.1
::: I, 120000 vV L l 1 ’.‘
a! Li s
. - (3
3 3
& 240/0° V + iir 3
L3
::: 12007V I 1 :::
S — 1 3
ral - O
¥ - S
(2 ral
e %
< &5
(2 ral
(2 c / A '
K 16.5/-14.04 ] 3
( - O
% | [Answer: s
e &
8! %
< &
(2 bal
8! %
el &
o Ay
& <1<::)'>
::: v,
02
o
P.1

SO0
O 9a%a%a%,
PRI
OO0
OO0
QAL "'Q"‘"‘A ATA

SO CACAVAPAVAA!
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(3

& | H.W.(64): For the ideal transformer shown in Fig., &
e | fi : 8
% | find Iy, given (2
ral f . rad
| I, =50/=36.87° Aand I, = 16/0° A. [] G
| ' — 8
8! 8
8! 8
3 26.6/—3429° A &
® | [Answer: £0-0Li—===2 A ] 0
8! 8!
8! 8!
8! 8!
8! 8!
8! 8!
8! 8!
8! 8!
8! 8!
8! 8
8! 8
& | H.W.(65): In the autotransformer circuit in Fig., show that *
8! 8
8! A% 8
ral 4 | <
$ z,=|1+-1|z £
2 m AT L - 5
8! 8
8! 8
8! 8
D< <
(2 8!
el 8
el 8
el 8
el 8
o | [Answer:] 8
S - kS
¢ | H.W.(66): In the ideal autotransformer . '8
::: of Fig., calculate 14, 1,, and I, Find the 2. :::
o | average power delivered to the load. 200 turms 3
o | [Answer: 2-j6Q I, g S
% | 1.=1.245.-33.76°A, = D wrj0a |
| 5
% | 12 = 0.88932-33.76°A, 20./30° V rms () S
/ : @
% | 1= 0.3557.2146.2°A, | I, %
::: p = 7.51 watts] :::
::: H.W.(67): In the circuit of Fig., Z, is adjusted :::
& | until maximum average power is delivered to | el
8! . . Ny S S
(s Z, Find Z_ and the maximum average power 15 8
- 172
:& transferred to it. Take N; = 600 turns and N, = m_“”# z, :&
3 !
% | 200 turns. i . e
K 120£0° Vrms (%) = &
Egi [Answer: Z, = (1.2 - j2) kQ, p=5.333 W] | | Egi
3 3
'8! 3
'8 3
'8! 8!
'8 3
'8! '8!
'8 3
'8! 8!
'8 3
'8! '8!
3 YAy '8
$ i3] $
S e v, 0
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2
s e
¢ . . . <
Igl H.W.(68): In the ideal transformer circuit 3047120 gl
Igl shown in Fig., determine the average power ET Igl
& | delivered to the load. J) 03
Yal = 1000 turns Pal
& | [Answer: 74.9 watts.] 120/0° v rms () S

20-7400Q | g

& | H.W.(69): Considering the autotransformer

ot . . . . + 2
% | shown in Fig. ideal, obtain the currents I, e (2
rat <
% ch1 and Idc- I %
8! I >
® | [Answer:] I &
& | 3.70/22.5° A,2.12/86.71° A, 1034/11.83° A I | &
Pl S00/0° 'V | rat
ral rat
-
(3 ' 2000° V , [] :g
S ! %
(3 ' 8!
(3 J 8!
s - "al
8 hal
8 hal
8 hal
ral <
0 0
0 0
0 02
& 03
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
3 (3
(3 (3
3 3
(3 (3
3 3
(3 (3
3 8!
(3 (3
3 8!
(3 (3
3 8!
(3 (3
3 8!
3 (3
3 8!
3 (3
8 8!
3 (3
3 8!
3 (3
8 3
3 VA 3
¥,
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