Frekans Uzayinda Kirchhoff Kanunlari

Kirchhoff Voltaj Kanunu: Kapali bir yoldaki voltajlarin cebirsel
toplami O'dir

v+ v+ s+, =0,

Vi+Vy+ - +V, =0,

Kirchhoff Akim Kanunu: Bir dugumdeki akimlarin cebirsel
toplami O'dir

l 1 + ikz + e+ 0, = {-),

H

][] + :lél + .- 4+ ][;? e {[},
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Seri, Paralel ve A - Y Sadelestirmeleri

20— 7, 7, —.—7z,
..

1‘£e1t1 !

be

vﬂb:ZII‘I‘ZzI‘I‘ +ZHI
=(Z+Z,+ - + Z,)L

V.,
7. = l‘“ —Z 4+ 7+ -+ 7,
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Seri, Paralel ve A - Y Sadelestirmeleri

Soru: Verilen devrede vy = 750 cos(5000t + 30) ise
a) Frekans uzayi esdeger devreyi elde ediniz.
b) Kararli durum (¢) akimini bulunuz.

90 Q 32 mH
— AAA. Y Y

—_—

[

_|_
v, (_) =5 uF
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Seri, Paralel ve A - Y Sadelestirmeleri

90 () 32 mH

AN Y Y Y

_|_
Vg (_) —~ 3 uF

w = 5000 rad/s.
7, = joL = j(5000)(32 X 107%) = j160 Q,

P SRR (U
¢ lwc T (5000)(5)

— —j40 Q.
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Seri, Paralel ve A - Y Sadelestirmeleri

a 900 j160 Q
» AN, — Y Y

—h-.

I
/ ° 7/ + .

@
b

Z.. =90 + j160 — j40
= 90 + j120 = 150/53.13° Q.

1= 2080 5 5313 AL i = Scos (5000 — 23.13°) A
— — . . — [ — . .
150 /5313 L i = Scos( )
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Seri, Paralel ve A - Y Sadelestirmeleri

Lo V L l Z lzl Z> L, l E'EI

@
b
1 1 1 1
— = — 4+ — + + —
ZHE} Zl ZZ Z-"?
7 ZIZZ
Paralel iki d Icin: b —
aralel iki empedans icin a Z + 7,

TIEFI?E} — fif'l + jifriy + - 4 ijrft.

6,68



Seri, Paralel ve A - Y Sadelestirmeleri

Soru: w = 50 rad/s ise sekildeki devrenin input empedansin
bulunuz.

2 mF 02 H
© |l
Zin 30
- 8 Q
— 10 mF
O
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Seri, Paralel ve A - Y Sadelestirmeleri

2 mF 0.2 H o
o | Z1: 2mF kapasitor olsun,

Zo: Seri 3 €2 ve 10 mF kapasitor olsun.

|
Z, % 30 ) ﬂ.Z3: Seri 8 €2 ve 0.2 H bobin olsun.

— 10 mF

1 1
;!:1 —

=—= = —j10Q
joC  j50 X 2 X 1077 /

i 1
7, =3+ — =13+ —3- M0
2 iwC 750 X 10 X 1073 (5 =J2)

Z:; =8 + jwl = 8 + j50 X 0.2 = (8 + j10) Q
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Seri, Paralel ve A - Y Sadelestirmeleri

2 mF 0.2 H o
o H Z1: 2mF kapasitor olsun,
Zs: Seri 3 {2 ve 10 mF kapasitor olsun.
Z, 30 Zs: Seri 8 Q ve 0.2 H bobin olsun.
— 8 Q
— 10 mF
O

(3 —Jj2)@8 + j10)
1+ 8

L, =171, + ZEHZ’% = —j10 +

44 + j14)(11 — /8
— _jro+ WEEANALZ) 30 1070
117 + 8

Z.. =322 —j11.07 Q
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Seri, Paralel ve A - Y Sadelestirmeleri

Odev: w = 10 rad/s ise sekildeki devrenin input empedansini

bulunuz.

0.5 mF 20 O

111

MW

— 1 mF

8 H

(129.52 — j295)

200 Q
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Seri, Paralel ve A - Y Sadelestirmeler

Z. b ZoZ.

Z'l — ,

@ e L, + 7y, + 7.
7 = 2.2,

@ @ 2" 7t 7+ 2
7.7

Ly = .
S Zo+ Zy + 7.
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Seri, Paralel ve A - Y Sadelestirmeler

@ e 7 Z]ZZ + ZZZ_; + 2321
a Z]

6 @ 7.7, + 77+ + Z:Z,
Zb — Z
2

VAV IR VAV A VAVA

/s
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Seri, Paralel ve A - Y Sadelestirmeleri

Soru: A-Y donusumunu kullanarak verilen devrede Iy, 11, I,
13, ]4, [5, Vl, VQ, deéerlerini bulunuz.

I
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Seri, Paralel ve A - Y Sadelestirmeler

(20 + j60)(10)

= 12 + j40
| 30 + 40 /
10(—j20) |
= = 32— 240
2730 + j40 J
20 + j60)(—j20
_ (20 + j60)(—/ ):8_;24_0‘

. 30 + j40
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Seri, Paralel ve A - Y Sadelestirmeleri

— - Zaon = 12 + j4 — j4 =12 Q

632 Q abn J J ’

—j4 () |
A% 7 =632+ j2.4 — j2.4 — 32
C)lzmmv ! ¢

1202 ~j2.4Q = 60 ()

—-3.210)

60)(12
7. = ( _?é )=1OQ.
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Seri, Paralel ve A - Y Sadelestirmeleri

L a 120 /0°
I = Ly 533
' | " 18 — j24 L
=24 + j3.2 A.

Va=(8—j24)I,=96 — j32V
V=V, + Vy
V., = 120 — 96 + j32
=24 + j32V
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Seri, Paralel ve A - Y Sadelestirmeleri

I, 24 + j32 8
— Iahn — 12 = + J’g
—i4 Q)
I _24+j32_i+ 8
C')lmv b aan e 10 15
12 0
I] — Iahn
IZ - lacn
Saglama:

I] + Iz — 2.4 + _}'32 — lU
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Seri, Paralel ve A - Y Sadelestirmeleri

V1i: b noktasindaki

V51 ¢ noktasindaki
c+ volta]

\E
~i20 Q)
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Seri, Paralel ve A - Y Sadelestirmeleri

Vi =120 /0° — ()L,

328
T + jg V,

104
V, = 120 /0° — (632 + j2.4)I, = 96 —;%v
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Seri, Paralel ve A - Y Sadelestirmeleri

I, = 2 A
3 10 AT
v, )
S _i16A
YT 20+j60 3 TP
%
[, = — %JrjéLSA
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Seri, Paralel ve A - Y Sadelestirmeleri

Odev: A-Y déniisiimiinii kullanarak verilen devrede T akimini

bulunuz.

14 O
AW

136/0° / +
\V4 _

_-..

j40 O

50 )
W

-~ —j15Q

Tlﬂﬂ

T4oﬂ

I =4 /28.07° A.
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Dugum Gerilim Yontemi

Soru: Verilen devrede dugum gerilim yontemini kullanarak I,
I,, I. akimlarini bulunuz.

10 j2 () 50
AM——Y N
10.6/0° I

AC) L] 100 L]
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Dugum Gerilim Yontemi

| 10 20 59 50
M ®
+ +
10.6/0° L,
A C) 1003V, V, =< —j5 0
_ _ L

'1;?1 ‘1&?1 "' 1‘313
—10.6 + — + — — =0
10 [ + ;2

V(1.1 + j02) — V, = 10.6 + j21.2.
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Dugum Gerilim Yontemi

10.6/0° I,
A C‘) 1003V, V. 2= —j50Q

V, -V A% vV, — 201 V, -V
2 1, 242 =0, I,=-——2
1+ j2 —J5 S 1 + j2

~5V, + (4.8 + j0.6)V, = 0.
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Dugum Gerilim Yontemi

V(1.1 + j02) — V, = 10.6 + j21.2.
~5V, + (4.8 + j0.6)V, = 0.

1Q j2 0 50

W AYY_g W

V,; = 68.40 — j16.80 V, Wﬁ&“ I, I,

V, = 68 — j26 V. A
201,

VY —
L= 10 = 684 = jL6S A, T, = V2 — 201,

Vi—V, . V
= 2 =376+ j1.68SA, I =
1 + 52

2 .
—— =52+ j13.6 A
-5 J

5 = —1.44 — j11.92 A
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Dugum Gerilim Yontemi

Odev: Verilen devrede dugum gerilim yontemini kullanarak
v(t) gerilim ifadesini bulunuz.

iy = 10coswt A v, = 100sinwt V @ = 50 krad/s

20 ()
¢ AMN—
. A I -+
s() 5Q v(t) =9 uF 100 uH C—)U
— ®

v(t) = 31.62 cos(50,000r — 71.577) V.
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Dugum Gerilim Yontemi

Odev: Verilen devrede dugum gerilim yontemini kullanarak v
ve vy gerilim ifadelerini bulunuz.

30 sin 21 A 20 Uy 2 H v

v,(f) = 33.96 sin(2t + 60.01°) V,
v,(7) = 99.06 sin(2¢ + 57.12°) V.
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Dugum Gerilim Yontemi

Soru: Verilen devrede dugum voltaj gerilim kullanarak V7 ve

V5 degerlerini hesaglayiniz. (Stper digim)

3/0° A

10,/45° V

| 49 5

12 Q
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Dugum Gerilim Yontemi

Supernode
VIH,FH--!-/-— -W
—-— HH*—I:
*-1,_ _____
3A (D —— 30 j6Q 120
Vi Vo Vo
3= — — — V, =V, + 10 45U
-3 j6 12 1= V2 + 10/85°
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Dugum Gerilim Yontemi

M, Y ¥

:5 — ——ijia + ‘}ffi + 12 1&#?1. — “Frzz + 1 {] f ‘4if5‘]

36 = j4V, + (1 — 2)V,

36 —40/135° = (1 +,2)V, =  V,=3141/-87.18°V

V, =V, + 10/45° = 25.78 /—70.48° V
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Dugum Gerilim Yontemi

Odev: Verilen devrede dugum gerilim yontemini kullanarak V
ve V5 degerlerini hesaglayiniz. (Stper digim)

410 40,60° V

Vi T~V
/
30,/0°V j4Q — j1Q 20

V, =38.72/69.67°V, V, = 6.752/165.7° V.
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Ag Akim Yontemi

Soru: Verilen devrede ag akim yontemini kullanarak V1, V5 ve
V3 degerlerini hesaglayiniz.

A 1‘5 | — 4+ '1‘5:; -

1o 29 7 10 30
12 Q)

C) 15%@ vV, l I 391, <+>

—i16 Q =
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Ag Akim Yontemi

10 j2Q 10 j3Q
AAA- Y Y Y g—AAA,

12031,

Q.o | 7O

\Y, —~—j16 Q)

150 = (1 + j2)I, + (12 — j16)(I; — L),
150 = (13 — j14)I; — (12 — j16)L.
O0=02—-j16)(L - L)+ (1 +3)L+39,. 1 =1 - L.

0= (27 + jlo)I; — (26 + j13)I,.
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Ag Akim Yontemi

20 30
N v, - v, B 1Q J 1Q J I
10 20+ 10 3Q 1
12 Qg 12 Q) l I,

0 A + a TN
<+>150& Vv, ll" 391, <> ]l\} I, ) 391, 12

-V i VN~ </

150/0° e
_j16QT vV ——~—j16 Q)
| | I, =

V, = (1 + j2)I;, =78 — jl04 V,
V, = (12 — j16)I, = 72 + jl104 V,

Vs = (1 + j3)I, = 150 — j130 V.

—26 — j52 A,
—24 — j58 A,
~2 + j6 A.
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Ag Akim Yontemi

Soru: Verilen devrede Iy akimini bulunuz.

4Q

wer@® ) -

J10 Q
|

VWA

— —j2 0

Tlﬂ

@ (©) 20290° v

— —j2Q

3{1%@ -
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Ag Akim Yontemi

40
WMW—

I |

s/0°A (}) q — 20

j10Q

wr

= —j2Q

(8 + 710 — j2)I,

.

@ @ 20,/90° V

— (—2)I, — j10I; = 0

(4 =72 —jDL — (=L — (/25 + 20/90° = 0

I3=5.

(8 + ;&I + j2I, = j50

P21, 4 (4 — jidH, = —j20

— j10

[

8 + /8
j2

Jj2
4 — j4

I

I
I

]

[

750
—730
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Ag Akim Yontemi

8+/8 2 |[1]_[ 50
24—l —730

8 +/8 )2
_ ~ - =32(1 + )1 —)) +4 =68
I j4| (1 +(1 - ))
8 + 78 j50
= = 340 — ;240 = 416.17/—35.22°
271 i —;‘30| / /
A, 416.17/-3522°
L =-—"= = 6.12/-35.22° A
A 68 [

I, = -1, =6.12/144.78° A
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Ag Akim Yontemi

Odev: Verilen devrede I, fazor akimini bulunuz.

6,/0° A

e

-2 Q 6 Q
ll | AW—

4 () T 307°30°V
30 %.I C‘) )/ 30°

3.582/65.45° A.
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Ag Akim Yontemi

Odev: Verilen devrede I fazdr akimini bulunuz.

10 j2 )
_W_FY"\""Y'\ & &

230

+ 33.8/0°
C_) v | 203 0.?5vx<

V.25 Q

AN

I =29 + j2 = 29.07 /3.95° A.

39/68



Ag Akim Yontemi

Soru: Verilen devrede V, fazor gerilimini bulunuz.

i4Q == () a2 A %ﬁil
8 Q 50
AW —

_|_
m&v(? j2Q == v, ﬁDS&A
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Ag Akim Yontemi

I 4 1y Ve Supermesh

g ____________ S T A

S 4,0° A )

4 Q == ( 6Q gL @ WO, @ |

8 Q Jj5Q 1 J

YV L w——— 21N

+ 8Q L JsQ

oy (* L o

v @ pesv OVEA G oy ey @i
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Ag Akim Yontemi

L 4 14 /rSupennesh

____________ S A 2 -10+ & — /21, — (—2)I, — 81, =0
i4Q == 1 4A D I 60
ml ) @ ) R el + 2l - 81y = 10
10V D (D ‘1’29::"} @ Q 3A I2 — _3

(8 — )5 — 81, + (6 + jS)I, — jSL, = 0

:[;; —_ ]¥3 + 51
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Ag Akim Yontemi

(8 — )5 — 81, + (6 + jS)I, — j5L, = 0

:[;; — ];; + 4

—8I, + (14 + j)I; = —24 — j35
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Ag Akim Yontemi

-10+ (& — /21, — (—2)I, — 81, =0

(8 — I, + j21, — 8I; = 10

(8 — j2)I, — 8I; = 10 + j6
—81, + (14 + j)I; = —24 — j35

{8—_;‘2 —8 ] L| | 10+ 6
-8 14+ L —24 — j35
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Ag Akim Yontemi

a—|8_~'f2 _8|—112+'8—'28+2—64—50—'20
8 14+ j& = J
10 +j6  —8
A, = I | = 140 + j10 + j84 — 6 — 192 — 280
—24 — 35 14 + ; *
= —58 — /186
A, —58 — /186
[ =— = = 3.618/274.5° A
A 50 — j20 /[
13__A I.. /Supmh

R Ul V= =21 — L) = —j2(3.618/274.5° + 3)
—7.2134 — j6.568 = 9.756/222.32° V
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Ag Akim Yontemi

Odev: Verilen devrede I, akimini hesaplayiniz.

10Q o,

——— AW,
-4 Q 8 Q

/ 1,/0° A
) )

25/0°V @

2.538 /5.943° A.
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Kaynak Donusumu

vo=zL,,  [L=V/Z]

@ d

ohb

-rekans uzayinda kaynak donusumu
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Kaynak Donusumu

Soru: Verilen devrede kaynak donusumu yontentemini
kullanarak V|, fazor voltajini bulunuz.

10 ;3L 020 7060

_tm_m._w_m ® ®
_|_
903 1003
N 40/0° .
_ V ()
—-i30< 190~
@ L @
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Kaynak Donusumu

1 +-;3

10 3 020 j0.60Q

I\M f‘Y“v"Y‘\_._/\N\,_{‘Y'TY‘\_._.
+

9Q§ 1oﬂ§
40/0° ,
V "’u

-3 0= —j19 0 =<
& & L

. . (}/&9 J0.6 Q
Al G-
103 £90 1003
412 0.
jSQE =-j30 —j190=<
® & @

(1—;3)—4—;12;1
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Kaynak Donusumu

020 Jj0.6Q _ _
* r—WN—""""—o—0 180 j24Q o020 Jj0.6Q
+ AN—— N WA Y o9
I N
1Q 9 10 )
S : ool
4;{’12 \ 36— j12
3
\%

° o o —
& ®

_(1L+ 30 - j3)
10
V=(4—j12)(18 + j2.4) = 36 — jI12 V.

— 1.8 + j2.4 Q,

50,68



Kaynak Donusumu

180 7240 o020 060
I N
1003
N\ 36 — j12 ?
_ V ‘“H
—j19 Q0 =<
o~ o

Lo 36— 12 123 - j1)
"2 - 16 43 — j4) V, = (1.56 + j1.08)(10 — j19)

39 + j27 | = 36.12 — j18.84 V.
=5 - 1.56 + j1.08 A.
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Kaynak Donusumu

1 +'j3

1Q 39 o020 jO.6Q

AN Y Y Y g A — Y Y Y o @
+

903 1003
40/0° ,
V Vo

—i30=< —j19 Q=<
® & L

40

020 Jj0.6Q

L 4 *— W\ Y Y Y\ —o—9

103 290 1003

ﬁf? =—j30 —j190<

+

Vo

(l—;3)—4—;12A

52/68



Kaynak Donusumu

Odev: Verilen devrede kaynak déniisimii yontentemini
kullanarak V, fazor voltajini bulunuz.

5Q 4 1B
f
30 s
20 £90°V 10Q <V,
j4Q -

5.519/-28°V
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Kaynak Donusumu

Odev: Verilen devrede kaynak déniisimii yontentemini
kullanarak I, fazor akimini bulunuz.

20 j1Q
MA—TTT w
éam. -
8,/90° A J3Q 1 Q
— /3 Q = —j2 Q

6.576/99.46° A.
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hevenin Eslenik Devreleri

Linear
circuit

—0 b O b

Genel Cozum

e Thevenin eslenik devre bulunmak istenilen terminal acik

devre yapilir.
oc — VTh olur.

e Thevenin eslenik devre bulunmak istenilen terminal kisa

devre yapilir ve I;. bulunur.
oc/Isc = Zp olur
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hevenin Eslenik Devreleri

Loy,
0 a L0 a
Linear
circuit Vi
—0 b O b
Bagimli kaynak yok ise

e Thevenin eslenik devre bulunmak istenilen terminal acik
devre yapilir.
— Voc — VTh olur.

e Devredeki akim kaynaklari acik devre, voltaj kaynaklari kisa
devre yapilir ve terminalden gorunen empedans Zry, olur
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hevenin Eslenik Devreleri

Ly,
—0 a -0 a
Linear '
circuit Vi
—0 b O b
Bagimli kaynak var ise

e Thevenin eslenik devre bulunmak istenilen terminal acik

devre yapilir.
— Voe = Vi, olur.

e Bagimsiz akim kaynaklari acik devre, gerilim kaynaklari kisa
devre yapildiktan sonra, Thevenin eslenik devre bulunmak

istenilen terminale test kaynagi baglanilir. Bu kaynagin
terminalindeki voltaj ve akim degerleri kullaniharak Zrp,

bulunur. thlt = Z7m, 5768



Norton Eslenik Devreleri

Linear
circuit

O b

Thevenin Eslenik bulunduktan sonra Norton Eslenik devre
kaynak cevrimi ile bulunabilir.
Veya Zn = Z7y, ve In terminal kisa devre yapilarak bulunur.

[Linear
circuit

—0O d

_Db

— i ®

O

Z\

O b
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hevenin Eslenik Devreleri

Soru: a-b terminalinden Thevenin eslenik devresini bulunuz.

\/d\
e

120/75° V C

4 Q)

g O j]2£1
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hevenin Eslenik Devreleri

1d fd
8 Q) _ji6Q == 4Q 120
a b
O O
e C
TzTh
Liells = L2%0 _ 588 3840
J g —j6 o0 %
L, =Ly + L =
s 12 =228 5620 c
j j— - j— . J )
4 + j12 6.48 — j2.64 ()
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hevenin Eslenik Devreleri

Soru: a-b terminalinden Thevenin eslenik devresini bulunuz.

It .

j6 Q —— 4 €
- + WV, —
120/75° V C_) e 0O ¢
a b

RQ% Jj12 8
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hevenin Eslenik Devreleri

d
*'1 hz
—j6 Q —— 4 €)
120/75° V G) oLt Ym oo
. '
a b
80 % j12 Q
I
120 /75° 120/75° bedeab

I, = A I, = A : _
T8 —j6 P 4412 Vi — 4l + (/0L = 0

= 37.95/220.31°V
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hevenin Eslenik Devreleri

Odev: a-b terminalinden Thevenin eslenik devresini bulunuz.

6Q 20 b
—0O
75,/20° V —— _j4Q 10 Q

Zr, = 124 — j32Q, Vyy, = 47.42/-51.57° V.
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hevenin Eslenik Devreleri

Soru: a-b terminalinden Thevenin eslenik devresini bulunuz.

40 j3Q
AMA—F o a
l-ﬂi
152004 () 20 0.51,
— —j4 Q)
o b

15=1,+05I, = I,=10A
Vi = 102 — j4) — 5(4 + j3) = —55

Vi, = 55/-90°V
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hevenin Eslenik Devreleri

Soru: a-b terminalinden Thevenin eslenik devresini bulunuz.

4+73€Q
1 0.51, / 2
- - o= o

Y lﬂ

15 A 2-j4Q q 051, Vg

4+730Q

+ O o
A

<

2-j4Q ¥ 051 1,=3/0°A

|
o> O |

m— 65,/68



hevenin Eslenik Devreleri

4+730Q

V, a I,
O g
_|,_
2—j4 Q ¥ 051V, =3/0°A
L b

3=1,+051I, = I,=2A

V.=1,4+,3+2—j4) =26 —))

Ve 2(6 —))
Ly, ==

=4 — j0.6667 ()
I 3 J
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hevenin Eslenik Devreleri

Odev: a-b terminalinden Thevenin eslenik devresini bulunuz.

8 Q j4Q
—— AMW—— TN ——
- \I.Z —

1

o)
N, 2

Ealian 20,£0° A
At ﬂ{> 0.2V,
49%
o b

Zry, = 4473 /-7.64° Q, Vyy, = 29.4/72.9° V.
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hevenin Eslenik Devreleri

Odev: a-b terminalinden Thevenin eslenik devresini bulunuz.

j10Q 100

YN WA\ ' @
Z%QC) ll 20 O 101, ==—i100
) ®h

VTh — Vab = 10 ;_*4SG V;

ZThZS_jSQ.
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