9 60V 90V ;

a ve c anahtarlari uzun siire agik kaldiktan sonra t =0 aninda a ve c anahtarlari kapatiliyor .

b anahtari ise uzun siire kapali kaldiktan sonra t =0 aninda b anahtari agiliyor. Vc(t) ve Ic(t)’ yi bulunuz.

Ie |
I 30V =—

+ Ve(0 ) —

+Vc(07) +9x0 + 60 - (30/9)x3 + (30/16)x4 = 0
Ve(0) = - 57,5 V = Vc(0*)

+Vc(0) + 9x0 + 60 + (30/9)x6 - (30/16)x12 =0

Vc(ee) =90V

Res=((4x12)/(4+12) + 9 + (3X6)/(3+6)) = 14
T =ResxC=14x5=70

Vc(t) = A.et79 4+ 90

t=0icin Vc(0*) =-57,5

-57,5=A.1+90

A=-147,5

Vc(t) =-147,5.e 79490

lc(t) = Cx (dVc(t) / dt) =5.(-147,5).(- 1/70).e'%79) = 10,536. ).ett/70)



t=10 t=10
A _‘?"\—‘ P
N 4'§ a b 3
c | Ie(t) 3F
o e oy gt w0
. - - - Ve(t) +
| 00V 60% 9

12% 6 =

a ve c anahtarlari uzun sire kapal kaldiktan sonra t=0 aninda a ve c anahtarlari agiliyor.

b anahtari ise uzun siire agik kaldiktan sonra t =0 aninda b anahtari kapatiliyor. Vc(t) ve Ic(t)’ yi bulunuz.

4? 3
Te(t)
— 7 —/\‘”\J\/—-E—'

12% 6

Ve(0) =-60V

| Te(t)
=30V | e
9 == V(0

+ V(o) +9x0 - 90 -4x(30/16) + 3x(30/9) =0

Vc(eo) = 87,5V

Yada +vc(e)-9x0 -90 +12x(30/16) - 6 x(30/9) = 0
Vc(eo) = 87,5V

Res=((4x12)/(4+12) + 9 + (3X6)/(3+6)) = 14
T=ResxC=14x5=70

Ve(t) = A.et79 4+ 87 5

t=0igin Vc(0*) =- 60

-60=A.1+87,5

A=-147,5

Vc(t) = - 147,5 .e W79+ 87,5

Ic(t) = C x (dVc(t) / dt) =5.(147,5).(- 1/70).e’%79 = 10,53, ).e’t/
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Anahtar uzun siire agik kaldiktan sonra t = 0 aninda kapatiliyor.
120 igin IL()"yi ve VI (h)' yi bulunuz..

_ 10 5+2

I (0 )= . =24
5+2).(4+1) (5+2+4+1)
5+2+4+1)

Ucgen yildiz ddniisiimii yapilirsa ikinci durum devresi

10 (1+5)
I (0) = 05+ 90+5) . =1,974
S+4).(1+
033 + 0,5+4+1+5)
0,5+4+1+5)

7 - L/Rs =5/4,81 =1,038

t t

L ()=A.e “+1, () =A.e ¥ +197A

t=0icin 1(0%)=2A

2=A.1+197 A=0,03

I, ()=0,03.*° +1,974

V. (t)=L. (:lltL = 5X((0,03x(—0,963)). 03— _() 144, ¢ 000y



. Agafada verilen devre igin, a) La(0r) ,Va(0) b) Ia(0%), Va(0"} <) Iafe) ,Valo} d) t20igin
LA(t=2, Valt=? €} 14(0,03) ,Vs(0,03) degierlerini hesaplayimz,
3na

AW
200
500 g " f'\ in
hy:] +H
)
A/
120 u(t) v

A) g
Eaire 5070 oay L QRDdan BM s

Jm‘-..z\c
‘CL&).- 7o s04720 9
P‘gf¢ Res) + 20 0

; Q¢7 5'0.3c>Jh
Cal)e Lawrl) + tasi(t) S @?”rin)’m =33 755
f L 5 "
tad)= 2,3 b < T fi

) ’ + Aen.o (.Z 2 32,57 =0,0514 <

) - 231 4 A exp (“13,33 4)

Valle V) + Vs @)
f
tale) = U3 t Renple) = [

Vab)= 04 @cn,a(‘?".)
| v Q e exp(-1
(A= -1,2)] he )= Bera(-t314)

: Vv I « 37 Vb ens
<afid= 231 =1, 2) exp (.13,33 4) alo)e c,f;ﬂ@) [
e

< i
4
W) 2291 - (2] expl -5 603) Valt) - ?rtw’(”fﬂ“)g

/ ’ K Vacoros) = 41,324 V/

003 - 2,035 -



2) (Zorunlu) Asafrda verilen devrede a) 1L(0%), Vic{0°) ve In(0*) degerlerini bulunuz. b) 0 igin
kondansattriin ug gerilimi,"Ve(t)' ifadesini bulunuz.

L=20H R=12kQ

e2(D=50u() V

P A Dhve Shadciy ZAratnar i

|, 2w

G\) +< 0 b denne

4 Tﬁ——(
20 'S 5 e |
(4(-0‘): ’;:,—"L_oor 0,0t A;@TMA =

oy -~k cL'!\ ';\‘ : y

\JCQ’) e DDV lesgal f wfg' Q*);\:zg = 646 7/{/6}f
{,200 _5'

@i'{""(d!) = ’cho) = Ki,Tm /

{ |
el = 85 -d e /
20 7.1200 1) ° 22 G /’ /s > ws >“'2““6“\“”
t St —ot 4V,
W, - \/—.:' = [ - =150,7¢ ~d /0 ST Wt
— L w = ~FL, 35 §
T
_ — W
(Ve@. Wl & om0t shesagha) 2 75 =

9,0‘1 5
A i L STV DY ER vy
e V4 €=20)

’bcCUz ‘Lu@"’) 41(”) = w462~ 4//6?«,\,&4\&[

7 CJU\L) =l ;
tel(d) = (. — = B d i ‘
@) 5 fo —/“f"’”‘\r - 30¢, 04 A«z) = 61,62

pRATEANY -3og, otile =

) €sc,b3
“?‘?O/ Bespie, o 0
CES LS A 1, % ol 5B
A( :32/€

EC(J»)_— o4 31,6 <rnp C-?Q,Mu)uré

BRVE R ¥4 enp (—3O%rOC‘Uﬁ




3) (Sesimlik) Asapida verilen devrede (=0 aminda anahtar kapatilmaktadir. a) 1(07), Ve(0) ve Via(0*)
degerlerini bulunuz. b) 20 i¢in Ry direncinin ug gerilimi, Vax(1) ifadesini bulunuz. (s veyat

domeninde ¢ozebilirsiniz.)
R1=20 0 C= TWF

& 11
il
] L=2mH
-
el{t=120 - 2
VR2| [ Ra=son

v A 8
ﬁfﬁ,{ ) Y
odo J“"fd’c

$

q,) ‘ N CG’- z lzov CT?P’C
=12 3 ' _ 5
2,=\pv * Colemlt 1(e?) - on —
ti-tQn -5
Ltz ton
e 6’4—» de sre ; . g
zL(c_-f')"- oA

tC‘J— t.(_l)gof\é
‘LLL Vet Nt ‘(Q’*) Pre 0. (o= 0V
@ B
RS N ) = ano@'

B e)

Bl . R 0 .
il = °f =
) e "KQTT 1 . hJ/G— u<>‘U<! wua *‘g“;‘ lm
moe- ! WL -1 | _ .
VC-"L—- £ 3 2165 ?.W—L QS'NQ‘_/CT S\ = "")4\’-12:\-\_):-1

= -0 3 Yol g
= - &7
@‘ "*(:O)* A &«p(‘ﬁff, I—)J»ﬂqanp(imc9 ® L5
$ = ~1736%¢

/(r,(g’);» Al enpE)bhrep(@) e 0 = Al -0

V=)= L. f_‘@s = [ C,c,crt, dj = 1736L ﬁ—L)z o

)/(,,Pﬁ\‘ \T'Sf-‘bA‘L = 69020
o

LBz Selepp( - esfu) ““*F( maei)

AL=
V,a;,(l'} “»(,) o - 1 4L g,,,P( L,(fl,—}),?,?.(, (Ae,nf( 15344 s %)
\6



= t= 0 aninda anahtar kapatiliyor. t>0 igin

* ve(t)
6kQ Vc(t) =7

(Dhrav 6kQ 6kQ

H100uF

11

* ve(t)

6kQ

T 12v 6kQ 6kQ

Veo)=0=Vceo'y ; Ico)=0=1Ic¢0"
* ve(ty

6kQ

1 2v 6kQ 6kQ

Veeo) = 6.103%%1.103 =6V ; ) = OA

- S

*ve(t)”
6kQ
6kQ 6kQ
6000x6000
7=R.C ; Res= ————— =3000 = 3kQ
6000+6000

r=3.103x100.10'5=3.10'1=%
Vc(t)= A.e "+ Vi)

t=0i¢in Vce")=0V ~ 0=A.1+6 ; A=-6 Vclt}=-6.e*+6 V




50 Sekildeki devrede anahtar t=0 aninda
MMM kapatiliyor. Buna gore t>0 icin I;(t) ve
V. (t)'yi bulunuz.

Sekil 1
A
Ny )
= Coziim; Oncelikle devremizint = 0~
120 anii¢in olan durumunu incelemeliyiz.
MWy Ve V;(07)ve i;(0~) degerlerini
bulmaliyiz. t = 07 igin devrenin hali;

er? 4&%

.V 18 _
ir(0 )=R_e$=? =2A
i,(07) = —2.4% =—0,54=i,(0") V,00)=0
AN
120
AN

En% m$

Bundan sonra £ = oo i¢in devremizi incelemeliyiz.

18 12
i1 () —3 4112 = 4,54 Vi(0) =0

Daha sonra T ’yl bulmaliyiz.
R — 4x6 2 4 e
“ 4+6 7
5H

L 5 2 088 E‘D% 4&?
"“R, 24 ”




I() = Ae™/" + 11 ()

t
I;(t) = A.e 2088 + 4,5
A’y1 bulmak i¢in t=0 veririz I;,(0%) = -0,5 A bulunmustu
-0,5=A.1 +4,5 ‘dan A = -5 bulunur

t
I,(t) = —5.e 208 + 4,5

dI(t)

VL(t) =L. dt

t
V() =5 (—5).@{@

5kQ
e W% &)

5kQ _ 10V 2/3H

2kQ

L
||

5mA D

5kQ

Anahtar uzun siire kapali kaldiktan sonra t= aninda agiliyor. Buna gore
t=0icin I;(t) ve V,(t)yi bulunuz.

5KkG o)

5mA kQ . ?kg )

5000x5000
4 -\ — 5000+5000 — — +
i11(07) = 5. soostBi e — = 1,666mA = i;; (0*)

5000+5000

L. Lk

710V

2kQ 1.(07)




. _ 10 5000 .
lLZ(O ) = 5000x5000 . Soooxsooo — —0,6661,666mA = LL2(0+)

5000+5000+5000 5000+5000

iL(O+) = iLl(O+) + iL2(0+) = 1,666 - 0,666 =1A

AMA

5kQ

5mA Sk 2kQ

|L1(°°)=0

io(t)

J— 10V
5kQ '
2kQ I(s°)
5kQ

Res=5+5=10kQ  l12(°)=(10 V/10 kQ) = -1 mA

lL(e2) = 0-1 = -1 mA

AT
5kQ
5kQ §2 } 2/3H
sk 2K
T
Res = ((10%2)+(10+2)) L/Res = ((2/3)+(5/3))=0,4m
=5/3kQ

IL(t) = A.e 0t 4+ | (o0) t=0 1=A-1 A=2mA

I(t)=2.10%.e2°"*-1.10% A




1. durumda; self kisa devre olarak bulunur.
—o0--—0 araliginda 1(0*) =1(0)="?

1+3 3

I(0*) =17,33A=I, (0
3 24443 (o) {0

1,(0)| |60
1,000)| |24

2. durumda; self kisa devre olarak bulunur 0-- — 4ooaraliginda I (o) = ? |L2(°°)=T =60A

Zaman sabitit=L/Re; Res-1Q T= L/ Res-9/1=9 bulunur.
I(t)=Aet/T + I(eo) I(t)=A.e*/°+60

t=0igin  1,(0%)=17,33A 17,33=A+60 A=-42,67
di,
IL(t) = -42,67 e*/° + 60 Vi(t) = L o Vi(t) =42,6.et/° v
t

1. durumda; kondansatoér agik devre olarak bulunur.

— 00+ —> 0 araliginda Vc(0) = Vc(0*) = ? Vc(07) =-12,44V=Vc(0")

2. durumda; kondansator acik devre olarak bulunur Q-- — +ooaraliginda Vc(eo) = ?
-V, (0)+4x4=0 V_ (0)=16V

B 2x4 _i
S 244 3

4 20
Zaman sabiti T = ResxC R T=RexC- E x5 = ? bulunur

Tam ¢dzim  Vc(t) = Aet/T + V(o)

Vc(t) = Aet/®3+ 16 A katsayisi baslangig sarti olan V¢(0*)'dan bulunur.
t=0igin  Vc(0%)=-12,44V 12,44=A-16 A=28,44

ve(t) = 28,44, /3 + 16 V

dve
dt

le(t) = C x Ic(t) = -106,65. .e*/“3) A bulunur



@ 7.59 Sekil 7.59"daki devrede £ > 0 icin v,(f) gerilimini adim
adim ilerleme yaklagiom kulianarak bulunuz.

50
A
59% 2002 &
1 T t=0
0.5F
GACD ot
= ‘U.[j(f} +
1093 :gwﬂ
50
A
Sekil P7.59
451C1-90=0
451C1=90
IC1=2 amper

2.DURUM DEVRESI

50

—AA

I

%109

b

50

L

200

VWA

500 mF

%100

100

VA

50

%109

6a %mk :L%m

-Vc(0)+10.2+(-4).10=0

Vc(07)=Vc(0*)=-20 volt

25IC1-90=0
25IG1=90
IC1=3.6 Amper

(-2,4).10-Vc(00)+(3.6).10=0

Vc(o0)=12 volt

Re$=4‘

t=0ig¢in

T = ReexC = 0.5x4 = 2

Vo(t) = A e 7+ Vo(oo)
Ve(0*) =-20

-20=A+12 A=-32

CEVAP: V- (t) = —32et/2+12




}
3 < 2 <
| EANRERT P
3
1Y — 4 <
'—!7 ¥Iicey) 5 <
M = <
d
5H J
S Via)
'

Anahtar uzun stire agik kaldiktan sonra t = 0 aninda kapatiliyor.
t= 0 igin [L(t)"yi ve VI e yi bulunuz..

L (0= 10 _s+2
(5+2).(4+D) (5+2+4+1)
5+2+4+1

Ucgen yildiz déniisimii yapilirsa

|
= 0.33
|
| |
10V — < 0,5 1 : 1
l4 115
o |
10 1+5)
I, (0)= . =1974
L 0,33+(0,5+4).(1+5) (0,5+4+1+5)
(0,5+4+1+5)

T - L/Rs =5/4,81 =1,038

t t

I ()=A.e “+1, () =A.e " +197A

t=0icin 1(0%)=2A

2=A.1+197  A=0,03

I, ()=0,03.¢*% +1,974

VL (l‘) = L.(il—i::“ = 5x((0,03x(—0,963)), 6-0,963t =-0,144. e-0,963tV
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s |
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3.62 A coil has a resistance of 5 € and an inductance of 1 H. At ¢ = 0 it is connected to
a 2 V battery. Find (a) the rate of rise of current at 7 = 0; (b) the rate of rise of current
when i = (.2 Amps and (c) the stored energy when i=0and i = 0.3 A,

Solution

di_E -

@ %L

atr =10, ﬁ:ZMSﬁ:.
dr

®) i= %(1 — e

=0.4(1 - &™)
time f; wheni=0.2 A is

0.2=04(1-¢3")

or 1, = 0.1386 sec.
ﬂ = " ,-H0.1386)
a - 2e
=1 Alsec

{c) Ati=0, stored energy =0
when i = 0.3 A, stored energy

1;2_ 1 2 _
21.: =5 x 1 % (0.3)" = 0.045 J.

3.46 A coil having a resistance of 10 £ and inductance of 15 H is connected across a
d.c. voluage of 150 V. Calculate: (i) The value of current at (.4 sec after switching on the
supply. (ii) With the current having reached the final value the time it would take for the
current to reach a value of 9 A after switching off the supply.

Solution
It is given that
Vidc) =150V
R=100Q
L=15H

(i) .. The value of the current

-£ 10
V= %[]‘-f LJ] - m[|_e uxo.l]

10
4
= lS[I—t 13 ]

=351 A

(ii) Letus assume thatatr=1,i=9A

o o
9=15x e M (for decaying)

f]‘-:ﬂ.TﬁﬁZ 5€C, sEssmEm



347, For the network shown in Fig. 3.36 2 (%
(a) Find the mathematical expression for

the variation of the current in the in- Va
ductor following the closure of the 5y — r=10 §H= 150
switch at 1 = 0 on to position ‘a’; T ohm
(b) The switch is closed on to position ‘b’
when 1 = 100 m/sec, calculate the new L=01H

expression for the inductor current and
also for the voltage across R;
(c) Plot the current waveforms for t =0 to

= .
200 m/sec Fig. 3.36 Network of Ex. 3.47
Solution
(a) For the switch in position ‘a’, the time constant is
Y, = £291 _ 10 milli-sec(ms)
r 10

) S

i = E I—C-E =Q l-e 10x 1073

" r 10

[1“]A

(b) For the switch in position ‘b’ the time constant

T=-—-£-'-—= 0.1 =4ms
"T R+r 15+10

v
b= g€ T (for decaying)

] _ ]
_1__")_’-4;(10" = ¢ P07 A
10
The current continues to flow in the same direction as before, therefore the voltage drop

across R is negative to the direction of the arrow shown in Fig. 3.36. vz =i, - R=-15x
e»m x10

i(Amps)
+
101-~—==
| |
! :
T AR

ol 20 40 60 80 100 120 140 160
—» Time (ms)

Fig. 3.37 Current profile

0.5

It will be noted that in the first switched period, five times the time constant is
50 m/sec. The transient has virtually finished at the end of this time and it would not have
mattered whether the second switching took place then or later. During the second period

the transient took only 25 m/sec.
(c) The profile current waveform has been plotted in Fig. 3.37.



3.48 For the network shown in Fig. 3.36 (Ex. No. 3.47) the swiltch is closed on the

position ‘a’, Next, it is closed on to position ‘b when 7 = 10 ms. Again, find the
expression of current and hence draw the current wave forms.

Solution

For the switch in position ‘a’, the time constant T is 10 m/sec as in Ex. No. 3.47, and the

current expression as is before. However, the switch is moved to position ‘b’ while the

transient is proceeding. When ¢ = 10 m/sec.

> t(ms)

) 10%10-} AL
i=|1me 10x107 | _fy g, 10x0° 10—
0632 {--~-~-=

=(1-¢')=0632 A :
i.e., the second transient commences I G
with an initial current in R of 0.632 A. !
- The current decay is, i, = 0.632 x 0 10

] L .

X100 A. which is shown in Fig. 3.38. Fig. 3.38

3.49 A d.c. voltage of 150 V is applied to a coil whose resistance is 10 £2 and induc-
tance is 15 H. Find: (i) the value of the current 0.3 sec after switching on the supply; (ii)
with the current having reached the final value, how much time it would take for the

current to reach a value of 6 A after switching off the supply.

Solution
(a) It is given that
V=150V, R=10Q,L=15H

2. The value of the current 0.3 sec after switching on is

10

n
i @[1_;3*”

} =272 A.

(b) After switching off the supply, the current will be decaying and is given by

v &
= —e¢e L o 6
"SR

r=1.375 sec.

10
T = 150 5!

10



3.50, A coil of resistance 24 Q and having inductor 36 H is suddenly connected to a d.c.

of 60 V supply. Determine
(a) the initial rate of change of current (%]

(b) the time-constant

(c) the current after 3 sec.

(d) the enrgy stored in the magnetic field at ¢ = 3 sec.

(e) the energy lost as heat energy at t = 3 sec.
Solution

It is given that: V=60V, R=24 Q, L =36 H
(a) Initial rate of change of current:

R
R

. R
. di =_E’_.(_£].,;‘
dr R L
R
B td |
= Ke L .
L
When r=0,
di Vv vV _60
— = — &’ =—=— = .67 Alsec:
d L L 36
{b) Time constant {1 ):
- 36
T = 3-24 = 1.5 scc.
ic) Current: the current at ¥ = 3 scc is
F 24
i= -V-[l—r'ﬂ-" ] = &0 [I—c 3.,"-‘] =2.16 A
Fi 24
(dry Encrgy stored:
ar r = 3 sec, the energy stored in the magnetic MNeld is % Li?
= L x 36 = (2.16)° = 84 J.

>
ic) Energy lost as heal energy:
al r = 3 sec. the energy lost as heat energy is
P R o= (2.16)" = 24 = 112 J.

3.51  If the vertical component of the earth’s magnetic field be 4.0 X 107 Wb m™ then
what will be the induced potential difference produced between the rails of a meter-gauge
running north-south when a train is running on them with a speed of 36 km h™'?

Solution
‘When a train is on the rails, it cuts the magnetic flux lines of the vertical component of
the earth’s magnetic field. Hence, a potential dfifference is induced between the ends of
its axle.

Distance between the rails = | m; speed of train (v) = 36 km/hr = 10 m/sec. Magnetic
field By = 4.0 x 10 Wb/m. .. The induced potential difference in ¢ = Bvl = (4.0 x 107)
x10x1=40x10"V,

3.52 The current in the coil of a large electromagnet falls from 6 A 10 2 A in 10 ms. The

induced emf across the coil is 100 V. Find the self-inductance of the coil.

Solution
The self-induced emf is given by
di
€= Ld:
Here di=2-6=-4A
dt = 10 ms = 107 sec
and e=100V

l

L=—? -100x—— =0.25H.



.3=5.3. The current (in ampere) in an inductor is given by i = 5 + 161, where ¢ is in

seconds. The self-induced emf in it is 10 mV. Find (a) the self-inductance, and (b) the
energy stored in the inductor and the power supplied to itatr= 1.

Solution
The induced emf in the inductor due to current change is
di
= L=
lel a
. el
’ " dildt
Hence i =5+ 16¢, from this, we have
% =0+16=16Asec’,ande=10mV = 10x 107 V
10x107°V \
L= ——— =0.666x 10~ H = 0.666 mH
15 A sec”

(b)  The current at t = | sec is
i=5+16r=5+16x1
=21 A
. Energy stored in the inductor is

12
2

.;_ x (0.666 x 107%) x (21)

=137.8x 107 = 137.8 mJ
Power supplied to the inductor at 1 = 1 sec is
P=li=(10x 107 V) x 21 =021 W.

3.54 Calculate the self-inductance of an air-cored solenoid, 40 cm long, having an area
of cross-section 20 cm® and 800 turns.
o N* A
!
[here we assume = 47 % 1077 Hm™).
Arx 107 x800° x20x107*

L= - =4022x 107 H
40x10™

Hints: L=

3.55 A solenoid of inductance L and resistance R is connected to a bartery. Prove that
the time taken for the magnetic energy to reach 1/4 of its maximum value is L/R log (2).

Solution
The growth of current in an LR circuit is given by

_R,
f=fn(l-l' L ] (i)

where [ is the maximum current. The energy stored at time 7 is

u= -I—U:
2

We are required to find the time at which the energy stored is 1/4 the maximum value,
u
ic,whenu= T" where u, = -;-ug .

ic. %U’:%(%Ug] or 1= 2

. Using the equation 1, we have

R
l=l—¢_rrl
2
R
or PN |
2
R 1
or -—=t =log L] -log(2
o' =on(g) o



~1) t= 0 aninda a anahtan agthiyor, b

t>01¢in V(1) ve i.(t )'y1 bulunuz.

anahtar ise kapatilivor.

3 ohm luk direncin Gzerinden gecen akim=I1 olsun
l; =60 X —=16.36A
11
-Vc(0+)+30x16.36A-10V=0
V¢(0")=Vc(0)=39.08V

2.durumda devrede 2 tane akim kaynagi var bu ylizden superpozisyon
yapacagiz;

1.20A devrede 60A acik devre;

6Qluk direg Gzerinden gecen akim |1 ve 1Q luk direng Gizerinden gegen akim ise
I olsun

12=20%--=3.07A ve |1 =20A olur
-Vci(e°)-10x20A-3.07A%6Q-10V=0
Vei(oo)=-48.42V

2.60A devrede 20A acik devre;

6Qluk direg tGzerinden gecen akim |1 ve 1Q luk direng Gzerinden gegen akim ise
I olsun

1,=60A



I1=60x12—3=9.23A
Vea(02)+10x60A+60x9.23A-10V=0
Vea(00)=105.38V
Vetop(22)=105.38V-48.42V=56.96V

Zaman sabiti T = ResXC Res => Res- (2. durumda selften goriilen esdeger direng, gerilim kaynagi kisa
devre, akim kaynagi acik devre yapilarak bulunur.)

2X11
2+11

Res=142 44-6.690

T = ResxC =5Fx6.690=33.46
Vc(t)=Ae ~t/"+Vc(oo)
t=0ic¢in A=-17.88
Vc(t)=-17.88xe /334656 o6

Ic(t)=Cx%
dt

lc(t)=5x(-17.88)x(-1/33.46)xe54 4¢

Ic(t)=2.67xe3% 46



g | nolu anahtar wzun siire kapali , 2 nolu anahtar ise uzun sitre agtk kaldiktan sonra
/ T%I ammnda 1 nolu anahtar agiliyor, 2 nolu anahtar ise kapatliyor.
2 0 igin L)’ yi ve VL(it)' yada V(t)'vive | Lo/t i bulunuz.

1,(0*)=1,(0")0A

-V(0*)+240-40=0

Vc(0*)=Vc(0)=200V

3 tane gerilim kaynagi var superpozisyon yapacagiz;
1)240V devrede digerleri kisa devre;

In(e2)==>=40A

2)120V devrede digerleri kisa devre;

hz(oo)— 120-50A

3)40V devrede digerleri kisa devre;

Kondansator acik devre oldugu igin l3(e2)=0A
litop(>2)=60A

-Vc(o0)+5%x60-120-40=0

Vc(eo)=140V

2.durum icin Ic(*) ve V,(0*) bulacagiz simdi;

Bunu yaparken devrede bobin yerine bobin ile ayni yonlii [j(0*)=0 akimi yazilacak

Kondansator yerine ise ayni yonll Vc(0*)=200V yazilacak



| ic(0+) ve Vc(0+) nin bulunmasi |

1)240V devrede diger gerilimler kisa devre akim kaynagi acik devre
|c1(0+)=0

2)200V devrede diger gerilimler kisa devre akim kaynagi acik devre

|c2(o+)=$=-40A

3)40V devrede diger gerilimler kisa devre aknm kaynagi agik devre;

Ic3(0+)=—"=-8A

4)120V devrede diger gerilimler kisa devre akim kaynagi agik devre,
-120

|C4(0+)=T=-24

ICtop(0+)='72A

‘ R nin bulunmasi

11 1
T+E+—r=0
r 2 1ty



5r’+21r+24=0

R1,2=-2.1%10.62i

Vc(t)=e %1t (Acos(0.62t)+Bsin(0.62t))+140
t=0 icin 200=A+140

A=60

B yi bulmak icin;

dvc

|C(t)=CXI

Ic(t)=-2.1e%1tx60c0s(0.62t)- e ~%1t60x0.62sin(0.62t)-
2.1Be %1t sin(0.62t)+Be~%1tx0.62c0s(0.62t)

t=0 i¢in B=87.1 ¢ikar.

Vc(t)= e %1t(60c0s(0.62t)+87.1sin(0.62t))+140

dvc

|c(t)=C><E =e~21(60c0s(0.62)-37.2sin0.62t)-182.1sin(0.62t)+54c0s(0.62t)



W —— VYVl AN AN T YT
1 5H 6 4 | 7 |
— h ..l' . il
- t=0 yicly) .
g 2 + S 3 15A
= 1ouh)V
B . ? S |

S-1) Sekildeki durudc dnahtart = 0 dnmda kapaulnur

L . - WF. Fa i

I-

L 4
"'Ifl),,r.--' - ‘_'.-‘ll."‘...lh_‘_-_ T ‘, V J '—"
1 |
6 4 T’. | 7
-+ _ V¢ t'+, '
— L)

[ e ot : | <
| S 2 + S 3

i

. . : - e

1.Durum Devresi : 15 A lik akim kaynagi Gerilim kaynagina dénistlrilar. 15 x 3 =45 Volt olur.

6 V Devredeyken

N 6 2
111(0") = ——5:5 X = -0,193 4
1+35072

—0,193x7 — 0,193x3 — V-, (0*) =0
Ve, (01) =—-1,93V
45 V Devredeyken

.\ 45
ILZ(O )=W=2'177A
20+50

Vea (01) + 3x2,177 + 7x2,177 — 45 = 0
Ve, (01) = 2323V
I,(0Y) = —0,193 + 2,177 = 1,984 a
Ve(0%) = —1,93 + 2323 = 21,3V



2. Durum Devresi

AL
- . - NN AN $ - — &
1 6 4 e 7
-+ veld)
: BvY e |
- = & P
= 10wV
pes —_— A5V
P —— . * - -
6 V Devredeyken
I = —6 2 _ 0,6 A
Ll(oo)_ 1+ 2x6 X§— -y,
2+6
Ver(0) =0V
45 V Devredeyken
I;5(c0) 5 3,214 A
D) = — =
L2 14 )
Vey(0) +10x3,214—45=0 Vea(0) =12,86V
10 V Devredeyken
I3(0) =0
VLg(OO) = _10 V
[[(0)=—06+0+0=-06A4
Ve(0)=0+12,86—-10=2,86V
Sifir Arti Esdeger Devresi ikinci durumda gizilir.
¢ Lo+
i ' - \NN——— AN *+—/ W —e
1 + VL{0+) — i B |C|[D+}ﬁb T
| 5 —  Vc[O+)
6BV
iy 2 ‘ - >
= 10wV
- ==_ 45V
. - - * -

6 V Devredeyken



Ic;(07)=04
6
—V,.(07) + 2x§ =0 V. (07) =4V

1,(0%) = 1,984 A devredeyken

Icz(0+) = 0 A

2x1 N
1,984x2 1 +6x1,984 - V,,(07) =0

V,,(0%) = 13,226V

Vc (07) = 21,3 V Devredeyken

213
IC3(O ) = W = 7,455A

4410
V3(0H) =0V
10 V Devredeyken
Ic,(0%) = 49130 =354
4+ 10
Vi, (0) =0V
45 V Devredeyken

Is(0Y) = —454
Vis(0) =0V
I:(0") =0+ 0+ 7,455+ 3,5 — 4,5 = 6,455 A
V,(0") =4 +13,2264+0+0+0=17,226V

Soru 1:



e - ﬁALL.‘l"' 3"“""’"’
Z) G‘:)J(J'E:? tzovars T o) ve VutH L[&Jtl

AW i Ve f.‘t'} wve Le (4—)’31-'\»{%
AN ":'1!:-” L ‘ !\ a-ei—f AA\L'I‘E‘-':‘\W
. = - Sl 4l
[ b po [§
oo, i 3 TLTine
N =X \ N .
‘J‘-n-' 1 F V{'.(."’) L pre= '-—]_-;5' Ll-Lt Yo A
- = o on =
Ao miltjf
+
ey

240-120

IL(O_)=

571~ 20A

V(07) = 5x20+120-40
Vc(07) =180 V=V (0%)

2. Durum : (o) igin



I (©)=0A
V() = 1x0+240-40
V(o) =200V

3. Durum : (07) i¢in

I, (0%) = 204



V,,(0%) = 180 + 40 — 240 = —20V

Zaman Sabitini bulma:
( 2. Durum igin cizilir)

1. .
L'Z icin:

r’+4=0
r=2j
( r+0+2j) ( r+0-2j)=0
I,(t) = e °[A.cos2t + Bsin2t] + I, ()

t=0 icin:
20=A.1+B.0+0
A=20



dl(t)
dt
V,(t) = %(A.2.(-sin2t)+2.B.cosZt)
t=0icin:
—20 = i(20.2.0+2.B.1)
B=-40
I,(t) = e %[20.cos2t + (—40)sin2t] + I ()
Vy(£) = £{(20.2.(sin2t)+2. (—40).cos2t)

L=% icin:
1 1

+——=0

1Xr
r’+9=0
r=3j
( r+0+3j) ( r+0-3j)=0
I,(t) = e %[A.cos3t + Bsin3t] + I ()

1
6.1"

t=0igin:
20=A.1+B.0+0
A=20
dl(t)
dt
V() = %(A.3.(-sin3t)+3.B.c053t)
t=0 icin:
—20 = %(20.3.0+3.B.1)
B=-60
I,(t) = e %[20.cos3t + (—60)sin3t] + I ()
Vy(£) = 5(20.3.(-sin3t)+3. (—60).cos3t)




1.,
L'E icin:

1 1_0
+1—

1Xr
r2+25=0
r=5j
( r+0+5j) ( r+0-5j)=0
I,(t) = e °[A.cos5t + Bsin5t] + I, ()

1
5E-T

t=0icin:
20=A.1+B.0+0
A=20
di (t)
dt
V,.(t) = %(A.S.(-sinSt)+5.B.cosSt)
t=0igin:
—20 = 2—15(20.5.0+5.B.1)
B=-100
I.(t) = e °[20.cos5t + (—100)sin5t] + I (o)
Vy(£) = 5-(20.5.(-sin5t)+5. (—100).cos5t)




_ ‘ .
!) IL(t) ve VL(t) ‘yi bulunu

I
W
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Z. Dutum B@k'&“\“

I},_, ch): lé 'ZD

=324
2ot (2044 ?)

60T+ 30(21-T0) = 3O
60.%2 +201, + 50(T, .7 J= O

o ) S IL.(OQ) + ILz(m/ =324 0O 2¢=2Z,44A

— —
p— o



Zomon Sabik Be.vf‘e.J.'

' 20)10 [
(0 220 307 Q&;: (20+60+ ,)x = 10®0 saﬂa
Lx—-JW)—- (04604 20) tio Ho
- 40
=20 |
Z:‘-E—: © = len = —[—
He) 1O

-t
=

I.u{-): Q-@é # IL(Q,D/;‘
L= 1 af‘jgo)r 546
€0 n Toy
[= A 14344
-2, 46 = A

-1
'To!-t

Tow=-246e 4+ 346

e S

e

\/J.u):[. Jiw) = 1D, ~216 (iﬁ—‘? e
It .

""D

Vi=1230e " Vis)= 223 U
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Z bufqg BQJ\L.IQ.M{

=974
5y o

Lty e 1, 2D
2o+ (254 S,

=324

=20

6O.I|+3O(Ia ‘i?_):ga ‘
90024+ 20, T2+ 35 (Iz’Il):Q

2
l_a:r rchda)= 0,26 A

/A
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/
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©)



Zamon Jubik Devres!
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Calculate the mesh currents in the circuit of Fig. 13.11.

—-j3Q
! IR

pot
P
1000° V @ jﬁn% @ gSQ

40

Figure 3.1 For Example 13.2.

Problem 13.5 Given the circuit in Figure 13.1, V, =V, =10volts, R, =R, = 10 chms,
oL, =wlL, =10, and @M = 5, find the coupling coefficient, k, the currents in the primary and

secondary circuits, I, and I,, and the power absorbed.

M
Rl m Rz
M, A
. .
V[ (‘) vl
Figure 13.1
The coupling coefficient is k = .
Ll LZ
Given values for @M , @wL,, and L, , we need to modify the equation for k to be
oM
(oL, YoL,)
5 5

k= J1oy(1o) 10 =03



Use mesh analysis to find I, and [,.
Loop 1: 10=(10+j10)I, = 351,
Loop2: -10=-351, +(10+ j10) L,

10+j0 -5 L] [10
-j5 10+jlo ||| |-10

where A = (10+ j10)(10+ j10) - (-j5)(-j5) = j200+ 25 = (25)(1 + j8).

In matrix form,

[h}[m:sjm milﬂ]{ 10]

I, (25)(1+j8) -10
10+ j10 is ) 100+ j100 - j50

Ll 1@+ 20+ (10 | @501+
L | i3 10+ jl0 210 || j50-100- jl00

(25)(1+38) (25)1+ j8) ) (25)1+ j8)

[z ]
&=

|1, 7| Goasy |7
(25)(1+ j8) |

Thus,
4+32  4.4721.26.57°

'T I+ 8 T 8.0623.282.88°
4.2 447212-153.43°
1+j8 ~ 8.062382.88°

= 0.5547£-56.31° A

I, = = 0.5547.£123.69° A

Now, find the power absorbed in the circuit. Look at the power absorbed by each element.
Starting with the primary circuit,

Py =-VIeosO=-(10)(0.5547) cos(0° - (-56.31%)) = -3.0769 W

P :l I,I’R, =(0.5547)*(10) = 3.0769 W

p, =-(2.7735)(0.5547) cos(213.69° - (-56.31)°) = 1.5385cos(270°) = 0 W
where p, is the power absorbed by the induced voltage of L, .

Ending with the secondary circuit,
Pyvs = VIcosO=(10)(0.5547)cos(0°-123.69°) = -3.0769 W

Pga =|13|2R2 =(0.5547)*(10)=3.0769 W
P, =-(2.7735)(0.5547) cos(33.69° - 123.69°) = 1.5385cos(90°) =0 W
where p. is the power absorbed by the induced voltage of L, .

The voltage sources absorb —3.0769 watts. or deliver +3.0769 watts, the resistances absorb
3.0769 watts. and the induced voltages absorb 0 watts. The inductors do not absorb power.



Problem 13.6 f13.13] Determine the currents I, I,, and I in the circuit of Figure
13.1. Find the energy stored in the coupled coils at t =2 ms. Take w= 1000 rad/s.

k=05
Il m sn
200" 000" ,
4 z
JL90° A T~ 20£0°V
Figure 13.1
Transform the current source to a voltage source as shown below.
k=05
40 vy 8Q
- L]
o000
k 4
12290° A I 20£20°V
M k
k= or M=
L L LL,
b = kof (wl, Hul, )} = (0.5)(10) =5
Using mesh analysis,
Mesh 1, N2=ids QO 3510 & 351, & J51, = {4+ )5)1, + 100, (n
Mesh 2, O=20+(8+ 10— 511, + 351, 4§51,
-20= jI00, +(8+ j5)1, 2
From (1) and (2),
[jlz] [4“5 Ll III]
ol L oo oseslL
A =107+ j60, Ay =-60— 2%, Ay =40- 100

1,= %: 2462LT2.18° A

A,
= === 08782-9748° A
I, =1 -1, = 3319274898 A

i,(t) = 2462 cos{1000t + T2.18%) A
i, (1) = 0878 cos(1000t — 97 487) A

At t=2ms, 1000t = 2 rad = 114.6°

1, (2ms) = 2462 cos(] 14.674+ T2 18 =-2.445
1,02 ms) = (L8TH cos(] 14.6° - 97 48%) = (L8391

The total energy stored in the coupled coils is
w=05L 17 405017 +Mi, i,

Simce wl, =10 and w= 1000,
L=L,=10mH, M=05L =5mH

wo=(0SHI0N-2.445)7 + (050 10R08391) " + (SH-2445H0.8391)
w=2315ml



Problem 137 Given the cirendt in Figure 131, V, =V, = 10wohs, K, =R, = 10 chms,
wl, =wl, =10, and @ =35 find the coupling coefficient, k, the currents in the primary and
secondary circuits, | and 1, and the power absorbed.

A m—)

Figure 13.1

As seen in Problem 135,
wh 5 5

= =1
il jwl,) 10N w0 —

Tao find the currents, begin by finding an equivalent circuit which takes into account the coupling
effects, i_e, the induced voltages.

Use mesh amalysis to find [ and 1.
Loop | : W= {10+ 031, + 351,

Loop 2 : -10= 51, + (10+ jl0) 1.

1+t s 1, 1]
i wW+pojr |-

where & = (104 JIONI0+ L0} —(j5)()5) = j200+ 25 = (251 + ).

In nsatrix form,

[|u+jm -5 ]
[1,] - 1+jiofl 1w
LT (25K+8) I-IU

1

[ 10+jl0 -i5 [ 1004+ jloo+ 501
1, e e 110 (25014 8)
L) - 10410 | <10 ]7| - j50-100-j100
(25H1+ j8)  (25)1+ j8) (25014 j8)
[sokz+33 1 [ 4+56 ]
Lo (2sinejey | | 1+38
1 |7 (500-2-43) |7f -4-6

(25X + j&8) 1+ @

Thus,

-4-46  T.21112-123.69°
FTOle R BO0623LHIERS

1 = (B4 L153.43° A

Now, find the power absorbed in the circuit. Look at the power absorbed by cach element.
Starting with the primary circuit,

Py = -V lcost = - (1000894 cos(0° - (-26.57%)) = -7.9994 W

Pa =|I,|’I1'.I = (D.E944)7(10) = 79995 W

p, = (4 AT20)(0.8944) cos( 243 43°— (-26.57°)) = 3 9998 cos( 270°) = 0'W
where p, is the power absorbed by the induced voltage of L, .
Ending with the secondary circuit,

Py = Vlcost = (10)(08%44) cos(( - 153 43%) = -7.9994 W

Pa: = | Izl:R: = ((L8944)° (10) = 79995 W

P = (447200(0.8944) cos( 63 43°— 153.43%) = 39998 cos(-907) = 0 W
where pis the power absorbed by the induced voltage of L, .

The voltage seurces absorh —7.9904 watts, or deliver +7.9994 watts, the resistances absorh
T.9995 waits, and the indueed absorb @ watts. The inductors do not absorb power.




Problem 13.1 Given the circuit in Figure 13.1 and k =1, find I, and I,.

100 joM 100

L] L]
10.£0° V Q Q 10.£20° ¥V

Figure 13.1

# Carefully DEFINE the problem.
Each component is labeled completely. The problem is clear.

» PRESENT everything you know about the problem.
We know all values of the independent sources. We also know the values of all the elements.

In order to find the equivalent circuit containing the induced voltages, we need to know the
mutual inductance, M.

We know that the coupling coefficient is

k=

M=k/LL, =,LL,

Now, using mesh analysis,

Loopl: -10+101, + 101, —jl0L, =0
(10+310)1, —j101, =10
1+ )1, -1, =1

Loop2: -jl0T, +j101, +10T,+10=0
01, +(10+j10) T, =-10
L+ =

In matrix form,

[1+j -5 T, 1 [1]

RSERTS) RN Y
- [1+j 1

L | 1+jJr1‘

L~ A l-l_

where A=(1+])* = () =(1+ )2+ ) - =1+]2.

From the circuit in Figure 13.1, we can see that joL, = joL, = j10.

Thus,
oL =wlL,=10and L, =L, =L.
Hence,

M=,LL, =L and joM = joL = j10.



Now,

[1+7 5 1
(o] 152 1+p 1]
[llj‘[ i1+ |-
I+ 2

1+j2

Therefore,
I+j-j 1 1.£0°
142 1+32 526343
Nl L) 1£180°

—t=——= =04472£11657° A
1+j2  1+j2 5263.43°

=044727-63.43° A

# EVALUATE the solution and check for accuracy.
Use KVL to check the solution.

The equation produced by KVL of the left loop is
-10+101, + 3101, = j101, =0

The equation produced by KVL of the right loop is
10— 101, + 3101, +101, =0

Inserting the values for I, and 1, results in valid equations. Thus, our check for accuracy
was successful.

# Has the problem been solved SATISFACTORILY? If so, present the solution; if not,
then return to “ALTERNATIVE solutions™ and continue through the process again.
This problem has been solved satisfactorily.

[, =04472/-63.43° A I, = 04472 /116.57° A
Problem 13.2 [13.1] For the three coupled coils in Figure 13.1, calculate the total
inductance.
2H
4H S5H
/000" BI0-———0000"
6H 8H 10H
Figure 13.1
For coil 1, L-M,+M,;,=6-4+2=4

For coil 2, L,-M, -M,,=8-4-5=-1
For coil 3, Ly+M, -M;;=10+2-5=7

L,=4-1+7=10H

or L,=L,+L,+L,-2M,, -2M,, +2M,,
L, =6+8+10—(2)(4) - (2)(5)+(2)(2)
L, =6+8+10-8-10+4=10H



Problem 13.3 For the frequency domain circuit shown in Figure 13.1, determine the value
of v, (1) for v_ (1) =10cos(3771) and a coupling coefficient k = 0.8 .

+

[2 voli

el

Figure 13.1

Before an equivalent circuit can be drawn, we must determine the value of @M . Using k=0.8,

M

JLL,

Because the circuit is in the frequency domain rather than the time domain, we know the value of
L rather than the value of L. So, transform the equation for k to include w. Then,
oM

k= ———
JoL)oL,)
@M =k.f(@L, )(wL,) = (0.8),/(5)(20) =8

We also need to transform the voltage source from the time domain to the frequency domain.
Let's assume a reference of

Hence,

Acos(377t+0) .
Then,
vV, =10£0°.
The circuit can be redrawn as
. +
j200
50

j8

M
L]
L=}
10£0° V 50

Using the dot convention, we can draw an equivalent circuit to incorporate the induced voltages
from the coupling effects.

L Vout
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v, (I_]) 60 8Q
Coil 1 Coil 2
@)V, = -2j1,
20
I
_I._ (—\'
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L] -
60 80 Q vy
+
o o
Coil 1 Coil 2
(b) V2 = -2j1,
Figre [3.12 For Example 13.2;

redrawing the relevant portion of the
circuit in Fig. 13.11 to find mutual
voltages by the dot convention.

—100 4+ 1, (4 — j3 + j6) — j6I, — j2I, =0
or
100 = (4 + j3)I — j8Iz (13.2.1)

Similarly, to figure out the mutual voltage in coil 2 due to current I,
consider the relevant portion of the circuit, as shown in Fig. 13.12(b).
Applying the dot convention gives the mutual voltage as Vo = —2j1;.
Also, current I, sees the two coupled coils in series in Fig. 13.11; since it
leaves the dotted terminals in both coils, Eq. (13.18) applies. Therefore,
for mesh 2, KVL gives

0==2jI; = jol; + (j6 + j8 + j2 x 2+ 5)I2
or
0=—j8I +(5+ j18)I, (13.2.2)

Putting Eqgs. (13.2.1) and (13.2.2) in matrix form, we get

100] _ [4+j3 -8 ][n
07| -8 s+j18]|nL

14.33  Write three mesh equations for the circuit shown in Fig. 14.20.

1
]
1

20 F
+ : .
Vi D 5HD 3@ 2n

Solution

-~
M=3H

Fig. 14.20

The mutual inductance and the self inductances are replaced by their impedances and the
corresponding circuit is shown in Fig. 14.21.

20

71;5:0
SR

~——"ma
Fig. 14.21

Applying KVL in the first mesh (lefimost mesh),
2iy + jwS(iy - iy) + Jjoliy - i) = V|
or (2 + 5jw)i, - Bjwi, + Jjwiy =V, )



Applying KVL in the second mesh (middle mesh),

Sjw(iy — iy) + 3jwli, — iy) + ij 2+ 3jwiy - i) + 3jwi i) =0
oe “Sjwi, + [l-um +%ﬂ] iy - 6jwiy = 0 (i)
Applying KVL in the third mesh (rightmost mesh),

Yw(iy = iy) + Jjw(i; - i) + 2i;=0
or Jjwiy — 6jwi, + (2 + 3jw)iy =0, (iii)

Write a complete set of phasor equations for the circuit of

Fig. 13.10a.
510 I F
I
|1
N a
B f”‘) Iz q i1l
L]
7H 6H
A
M=2H
{al)
Lo
50 Jw
IL
1%
Sminla
' T e 11 30
e
2 £
b

W FIGURE 13.10 (g) A three-mesh circuit with mutual
coupling. (5) The 1 F capacitance as well as the self- and
rutual inductances are replaced by their coresponding
impedances

The circuit contains three meshes, and the three mesh currents have

already been assigned. Once again, our first step is to replace both the
mutual inductance and the two self-inductances with their correspond-

ing impedances as shown in Fig. 13.10b. Applying Kirchhoff's voltage
law to the first mesh, a positive sign for the mutual term is assured by

https://www.youtube.com/watch?v=X4YfWgwL3r4&feature=youtu.be



https://www.youtube.com/watch?v=X4YfWgwL3r4&feature=youtu.be

O =25 0hm

| «fe=j150mm

S- 4-B) 11, 12 ve 13 akimlarini matrisel bigimde yaziniz.

10.11 +}.20.(11- 1) —}.5.12+ j.5.13+].25.1s—j.15.12 +j.15.1s= 100£0° 10puan

3005 +7.20.(Ia- 1)) +j.40.(I,—I5) -j.5.1i +2.j.501,-j.515 - j.25.15 - j.15.1, + 2.j.15.,— j.1505= 0  10puan

(9 +j10).13 +j.40.(13 = I2) +j.5.11-j.5.12+j.25.11 - j25.12+j.15.11— .15l = O 10puan
10+ ;.20 - j20-,5-j.15 J.5+j25+ .15 1, 10020°

-j20-j5-4j15 30+ ;20+ 40+ 10+ ;20 ;40— ;5- ;25— j.15|,|= 0

J.5+j25+ .15 —j40—-j5-;25-j.15 9+ .10+ ;.40 1, 0

10+;20 —;.40 j45 ||1,| [10
-j40 30+ ;100 -;85||,|=|0 5puan
j45 -7.85 9+ ,.50|, 0






