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Consider the circuit in Fig. 13.16. Determine the couplins o

Z el

100 =L cient. Calm]zaeﬂaeenergysto%'edvinthecoupled mductors @ S

A ﬂ t=1sifv =60cos(4r + 30°) V.
v% sHZ f_’g.u{ =%F Soluti

i The coupling coefficient is
M 25

Figure 13.16 . _ = 056
For Example 13.3. \/IE V20
indicating that the inductors are ti

ghtly coupled. To find the energy stored, we need to calculatz the oo
To find the current, we need to obtain the frequency-domain equivalent of the circuit.

60cos(dr +30°) = 60/30°, @ = 4rad/s
5H =  jwL; =j200
25H = joM = j10 Q
4H = joL,=jl60
1 1
' EF = ——==—j40
. : . JoC
The frequency-domain €quivalent is shown in Fig. 13.17. We now apply mesh analysis. For mesh 1.
For mesh 2.
' J10L, + (16 — jay1, = @
or
I, = =121, (13325
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134 Uresr Trarsforme—

into Eq. (13.3.1) yields

. sing this
: I(-12 - j14) = 60/30° = I, =3254/1606" A
P I, =-121,=3905/-194° A
B ximc‘domain'
iy = 3.905 cos(4r — 19.4%), iz = 3.254 cos(4: + 160.6%)
it =154 4rad = 229.2°, and

i; = 3.905 cos(229.2° — 19.4°) = —3389 A
i = 3.254 c0s(229.2° + 160.6°) = 2.824 A
The total energy stored in the coupled inductors is

F.-1_ A
w = ELII% v Elql% T zwlllz
1 , 1 .
= 5(5)(—3.389) + 5(4)(2.824) + 2.5(—3.389)(2.824) = 20.73 ]
= jioQ
10Q
60/30°V 1’) @ 12095 =ji6Q (L) =—-jiQ

Figure 13.17 '
Frequency-domain equivalent of the circuit in Fig. 13.16.

s

Practice Problem 13.3

i:sﬂle circuit in Fig. 13.18, determine the coupling coefficient and the energy stored in the coupled induc-
At=15s,

1 H

()
20 cos 2t V (1) 23;% ?:lg’ln

1
i 8F

X i}
—NW—1]

—ANN—
)
@]

Figure 13.18

" For Practice Prob. 13.3.

Angye,
*0.7071, 985 5.
\
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An ideal tmnsformer is rated at 2400/120 V,

(a) the turns ratio, (b) the number of turns on
and secondary windings.

9.6 kKVA, and has 50 ty

ms on the
the primary side, and iy

Ondary
(c) the current rag; ng_'s <1de Q

Solution:
% (a) This is a step-down transformer, since Vi=2400V > V,=120V.
“. | V, 120
; n—vl—z'400—0.05
®)
N> 50
=== =005 =—
n N, . 7
or '
50
Ny=—=1
1= 005 ,000 turns
©) S =Vily = V2b, = 9.6kVA. Hence, , ‘
) 2 o 19 600 9600
I = =4A
VT 2 400 :
9,600 9,600 ‘ IST 2 4
2 i V. 120 80A  or I - 008 80 A

h The primary current to an 1dea1 transformer rated at 3300/11
KVA rating, (c) the secondary current.

Answer: (a) 1/30, (b) 9.9 kVA, (c) 90 A )

0Vis 3'A. Calculate: (a) the turms ruo

w
. (e}

For the 1dea1 transformer circuit of Fig. 13. 37 find: (a) the source current I, (b) the output voluge Vs
and (c) the complex power supplied by the source.

I -j6 Q. ‘ I
e PV O T 2

120/0° V rms

- Figure 13.37 _
For Example 13.8..
Solution: )

(a) The 20-Q impedance can be reflected to the primary side and we get
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13,5 |
dea) Imnnf(mm'l';

579
Zin = 4 — J6 4 Zn g
120 /(° 6 =)
L= T m 120,/ ”‘"2/.:;#3-6‘)" ()
in 10-85\\\

A
nll = 75545 33,690

V, =

‘ o =201, = 1109 213 69°

(©) The complex power supplied is 3.69°y

A

§=V.IT = (120/0°
N -690) = l 330 8@
IS/ =33,69° VA

" Figure 13.38 .
For Practice Prob. 13.8.

Answer: 178.9{ 116.56° V, 2,981.5/—26.56° VA.

Example 13.9

Cloulate the power supplied to the 10-£) resistor in the ideal transformer circuit of Fig. 13.39.

20Q 2:1
. r’—’
+ 1+
v, 2] E V2 |
| t“ & <
- ™ \ :» 10Q
120400 v rms () ﬁ.) 1) 3
2300
o

Figure 13.39

: | ‘qw For Example 13.9- ' is direct connection

1 ch On; ith this circuit: there alysis. For mesh L,
1 : de cannot be done W! we apply mesh any=t
s1de () resistor: ¢

| gy :
1 bq"fecn l 0 the secondary or primary  due to the 30-

® Primary and secondary side
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580
-120 + (20 + 30)I| s 3012 + Vl =0
or :
) 5011 - 3012+ Vl = 120
For mesh 2, e : (]3&‘
or

“‘3011 + 4012 - V2 =0

At the transformer terminals,

1
V2 = —“2'V1 ey
. . ‘ , 13y

L = -2,

(Note that n = 1/2.) We now have four equations and four unknowns, but our goal is ¢, gt g
)

substitute for V, and I, in terms of V, and I, in Egs. (13.9.1) and (13.9.2). Equation (139, beco
551, — 2V, = 120 ol
and Eq. (13.9.2) becomes
1S +40L -V, =0 - = V,=55L g
Substituting Eq. (13.9.6) in Eq. (13.9.5), =
_165, =120 = L= _%: —0.7272 A

The power absorbed by the 10-(} resistor is
P = (-0.7272)%(10) = 5.3 W~

3 i
e i St CHE A

Find V, in the circuit of Fig. 13.40.

AMAN—
+vo—
4Q ey 2R
MM—— 12— w—
° L
60,/0° V %H %89
[ ]
Figure 13.40

For Practice Prob. 13.9,

iy

Answer: 24 V. |
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Example 13.4 .

In the circuit of Fig. 13.24, calculate the input impedance and current I,. Take Z, = 60 — j100 (),

Jj5Q

- {
50,60° V @ Jj20Q
Figure 13.24
For Example 13.4.
Solution:
From Eq. (13.41),
2
a0 +Z, + Z,
=60—j100+j20+—25.—
110 + j140

= 60 — j80 + 0.14/—51.84°

= 60.09 — j80.11 = 100.14/-53.1° Q
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i L=Y 571
7 =— /60
in m
..-Q\ . @ =05 i
13.1° A
input impedance ¢ .
find the 10PY : of the circyj oy
1y )
02z v @3
Figure 13.95
18) For Practice Prob, 13 4
Answer: 8.58/58.05° (), 1.165 /—58.05° A
ng - ' S T
22-
' ~equi ircui : ~ Example 13.
Determine the T-equivalent circuit of the linear transformer in Fig. 13.26(a). =00ty ~—**‘M§
Q, -
L 42 8H 2H
a o— G g .
L4 ]
10H 4H 2H
b o— —o d b o— —od
(@ (b)
- Figure 13.26 . _
For Example 13.5: (a) a linear transformer, (b) 1ts
T-equivalent circuit.
. arameters:
' : network has the following P
Given that L,=10,L,=4,and M = 2, the T-equivalent .
=10-27
| L=b— ;OH L =M=2H
=4-2=2% ‘ .ot urrents
1 e , Ly=L— M=4 assumed that reference dlg?;mg ﬂf:;rnzise ”
' -equi € . o 1321 b
™ T ivalent circuit is shown in Fig- 13.260) V\{e;ii‘:s conform © those in F1g-

i ltage polarities in the primary and S

Y neeq ¢ replace M with —M, as Example 13.6 jllustrates-
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Practice Problem 13.5

For the linear transformer in-Fig. 13.26(a), find the I1 equivalent network.

Answer: L, = 18H, Ly =4.5H, Lc = 18 H.

\\
Example 13.6 -
Solve for I,, I, and V,, in Fig. 13.27 (the same circuit as for Practice Prob. 13.1) using the 1.,
circuit for the linear transformer. Cq“"/a!g,&
j1Q
4Q
h R
. +
60,/90°V @ j8Q jsQ @ V,210Q
. -
Figure 13.27 b4
For Example 13.6.
Solution:

Notice that the circuit in Fig. 13.27 is the same as that in Fig. 13.10 except that the reference irectiog
for current I, has been reversed, just to make the reference directions for the currents for the magnetica]]f
coupled coils conform With those in Fig. 13.21.

2 jl1Q . We need to replace the magnetically coupled coils wip g
o —L. - o T-equivalent circuit. The relevant portion of the circuit in Fig. 13.27 s s
+ g J + in Fig. 13.28(a). Comparing Fig. 13.28(a) with Fig. 13.21 shows that e
v, isQ s E s v, are two differences. First, due to the current reference directions ml
i ﬁ. voltage polarities, we need to replace M by —M to make Fig. 1320
° o conform with Fig. 13.21. Second, the circuit in Fig. 13.21 is in the i
(2) domain, whereas the circuit in Fig. 13.28(a) is in the frequency-loni
) ) The difference is the factor jw; that is, L in Fig. 13.21 has been replace
. f?,;; ﬁgg_ o with joL and M with joM. Since w is not specified, we can 1ssuqt
_|_ ) " @ = lrad/s or any other value; it really does not matter. With these ™
T el differences in mind,
O O
i . «=L —(-M)=8+1=9H
Figure 13.28 Ly=L,—(-M)=5+1=6H, L.=-M="!1 m
f;:-rciﬁ;lne%]ioli:l’féf( ;)igc."lc;.lztl Thus, the T-equivalent circuit for the coupled coils 15 & shovt
(b) T-equivalent circuit. Fig. 13.28(b). i

i i ircuit i o (he equi¥ A
Inserting the T-equivalent circuit in Fig. 13.28(b) to replace the two coils in Fig. 13.27 gIv¢S g pul

g, we'l
circuit in Fig. 13.29, which can be solved using nodal or mesh analysis. Applying mesh analysis: * il

J6 =14 +j9 = j1) + Ly(=j1)
and | | (l_;lﬁJl

0 = Li(—j1) + I,(10 + j6 — jl)

From Egq. (13.6.2), (1‘”

g

10 + js
I = (—J.J—)I2 = (5 — jl10)I,

Downloaded from EnggTree.com



EnggTree.com

jov

Figure 13 99
For Example 134

1) gives

sobstituting Eq. (13.6.3) into Eq, (13.6.
‘ J6 = (4 + jgys _

le)lz - 112 =
ince 100 is very large compared wiy, I the imagip,
f;;)cc’j Niie sery i ¢ 1ma

I, = L6~ J0.06 = ¢ ’
100 6/90° A
fFrom Eg. (13.6.3),
L = (5 - j10)j0.06 = 0.6 + j03 A
and
V, =

0= ~10I = —jo6 = 0.6/-90° v

i ¥8.110F course, the direction o
wthat in Fig. 13.27. This will not affect V.. b

s DUt the value of I, in this exam
Iy in Practice Prob, 13.1. The advantage of using the T-

is that in Fig. 13.29 we do not need to bother with th

f I, in Fig. 13.10 is opposite
ple is the negative of that of
equivalent model for the magnetically coupled coils
¢ dot on the coupled coils.

Practice Problem 13.6

Solve the problem in Example 13.1 (see Fig. 13.9) using the T-equivalent model for the magnetically cou-

pled coils,
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