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CHAPTER 1 MAGNETIC AND MAGNETICALLY COUPLED CIRCUITS

Short Problems
SP 1.2-1
7=V 214180 =1
)i
S=VI=-1W

Negative indicates generator operation.

SP 1.2-2

V(t) =2 cos(377t)

1(t) =2 cos(3771 + )

PO)Y=V(@)I(t)=-2 cos’ (377t) =—1—-cos(754t) = -1+ cos(754t + 1)
SP1.2-3

A+B=2(1+ j) =\2\2 (1245 ) = 2 245

AB=\2\2j=2j=2,90
SP 1.2-4 For simplicity, and without lack of generality, neglect resistance and assume the voltage is along
the real axis. In this case the relationship between voltage and current is given by:

V0= j(X, - X ) +E

One can observe that the magnitude and phase of £ controls the magnitude and direction of 7 . For
example, if £=2-0" and X, >X,, I willlead V . In contrast, if £=0.520" and X, >X,, I will lag

V.

SP1.3-1. Ni= R (®; + &) + Rpcaa O,

&) = = 1— [Ni =y (8, + 9,)]
9 beda
1
o, = [— ) T ]=2.014 1073 W
1 ™ 355,000 (109,419)(2.547 x 107%) X b
- - NI
SP1.32. &, + &y = ———
SP1.3 1+ @ gfa}, +g?eq

(100) 10/—30°
109,419 + 283,148

= 2.547 x 107* /—30° Wb, rms



SP1.3-3. With windings as shown in I'ig. 1B-1 and with the center leg removed, the
total mmf is

mmfy, = mmf; + mmf, =N; I; + Ny I,
= (150)(9) + (90)(—15) =0

SP1.3-4

1.065
,=V2 1147 x 107 cos(a)et + 21.80)

§=\1.065+ 0.427% x 107 < tan—l(_0-427j

SP1.4-1. From Fig. 1.3-1, H; = 200 A/m for B; =1 Wb/m?. Also,
D L1 7958x105 A/m.
& M Az x 1077
From (1.3-3),
H;} + Hyl; = NI
(200)(1) + (7.958 x 10°)(0.001) = (500)1

Thus, T = 1.99 A

SP1.5-1. %y, = 2%, = (2)(37,600) H™!

Lo N (1s0p
" @, (2)(37,600)

N} (90)2

L = G = (9)(37,600)

= 299.2 mH

= 107.7 mH

N;N
L L. S L), (LI YT

I (2)(37,600)

SP1.5-2. During steady-state conditions, the time rate-of-change of i is zero; there-

fore, a voltage is not induced in the 2-winding. Hence, for the 2-winding open or short

SP1.5-3. Z=r; +jwe(Ly +Ly;) =6 +j(100)(13.5 + 263.9) x 107°
=6+ j27.74 = 28.38 [77.8°
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SP1.6-1. The peak-to-peak value of )\ as the system approaches steady-state operation

is (0.95)(V2)(0.29) = 0.389 V's. Now, X\ = Ly (iy +i2) or iy +ip = T The ampli
ml
tude of iy + ip = Lt 5+ Hence,
(2)(263.9 x 1072)
L +1,]= L = 05A
(V2)(2)(263.9 x 1073)
SP1.6-2. Z =(ry +rp) +jwe(Lyy +Liz)
we (Lyy + Ly -3
6 = tan-] e (Lnn , 12)  fag-t BTD(I35+13.5) % 1072 o o

ry +ry 6 +5

SP1.6-3. Z=(r; +rp +R1) +] [we (Lyy + Li2) +X’L]
=(6+5+21)+] [(1000)(13.5 +13.5) x 107% + 5] =32+j320

» . Vi —110 /0°
e ] =—— 2 ——— = 24 [—45°
L ! 7 32 4 j32

dlp(x)i]  OLm(x)i di | ILm(x)i] dx
dt o Hi dt Ox dt
di . aLm(x) d_X
=l +1 75, @
k di

L Xy dx
=< a T2 g

SP1.7-1.

2
Now, x =t and i = t; thus,

dlLy(x)i]  k dt k dt k k

i -\ i I .~ - S L=

dt t dt 2 dt 0t 0t

SP1.7-2. For 6,(0), & is minimum thus L(#;) is maximum. Hence,
Lp(0) =Ly +Lg
s

L () = La —Lg; thus,

L(6;) =L; + Ly + Ly cos26,

SP1.7-3. The self-inductances, L;; and Ly,, are independent of current if saturation is
neglected; therefore, they are unchanged. The mutual inductance is positive if the
mmfs aid and negative when they oppose. Here, the mmfs oppose when 6, = 0 and aid

when 6, = 7. Thus,

Lig = — Lg cos b,



SP1.7-4. Lyy =Ly cosf,’
v = d[Lys ;] _ OlLyg iy diy " OLyg iy] db;
. dt 8, dt 86,  dt

di;
However, _d?,— = 0 since i; is constant; thus,

[(0.1 cos 6;)(1)] (100) = —(0.1)(100)sin 6, = —10sin 100t V

ke 58,
Long Problems
]
1L Rp=——= O 1,989,440 H!
T HgAg  (4mx1077)(0.04)
I 4
B = —i (200)(0.0(;4) . 200 @, — 265,258 H-
1A (1500)(47rx 107 7)(0.04) 1500
Rl (100)(2) = 8.87 x 107> Wb

b = -
Ay + 9 1,989,440 + 265,258
The parallel branches now have equal reluctance. Hence, from Example 1A

Ry = %(gzbef + R + Repa) = -;?(1,352,816) = 676,408 H™*

2.

Ni (100)(10) s
O, 4+ &y = - = 1.2725 x 103 Wb
L S G + T 109,419 + 676,408 %

3. The reluctance of the iron is

1 (4)(0.25) .
P = = =179,577 H
=T A (4000)(47 x 1077)(0.05)?

_ NNy (50)(100) _ o ieos

Lio =
2T g 79,577
Ni 50°
L., = - —0.0314 H
w7 g 79,577
N? 2
Lyy = —= = =2 _ 1257 H

R, 79,577



5.

6.

Ty = MIA = (21@11) =8 x 10° H™!
| (47r><10"7)(;-7jx]04)7r(0.05)2
N; N
Ly = — a2 (100)(20501 - — 25
PR 8 x 10

The flux through Nj due to current in N; may be written
o T Nii
21 =
Px + Ty iy
Iy

where = 109, + ——; thus,
P % Ry + Ry’

Ni i
Dy = 2

119, + 10 e
Pix

N, N,
Loy = ~

1R, + 10 ——
H +10g

By a similar method, it can be shown that L,y = Ly;.

(a) L ml =Lu _Lll = 90 mH
100

Lis = (5 s = (A2 (2.6 x 10°%) = 10 m
= (s =(15%9) (25) =100

(b) Lps = Lay — Lyp = 22.5 mH
Ly = (-E—f—)2 Ly = (%’6)2(10 % 107%) = 2.5 mH
= () n = (a)0) = 25 0



Ny N, ) .
(a) Lyg = — A (b) M =Lyyip +La iy
My =Lgyiy — L iy
(¢) N =Lyjyiy 4 Ly (i; —ig) (d) v, is unchanged
’ oLt . o ’ LA d)\’2
Ag = —Ljgiy + Ly (iy —1ip) Ve =—Tply + —om
V=9 o0 =354 f0°V
e L

Z=r1y +r9+jwe(Ly + L) =10 + 10 + j (27)(30)(30 + 30) x 1073
=20 +j11.31 0

-V 3.54 /0°
I = — = ——Z—— =0.154 /—29.5° A
Z 20 +j11.31
Since w, = 400, X,,; = 400 0. Neglecting the magnetizing current i, = —i,.
- 2
(a) V;=—4= /J0° =\/§/0°
Vi ET

v, Ve oo

I = = =0.158 /—63.4° A
P (ri4ra+Ry) +jwe (L +Lip) 4 +(400)(0.02) [=83.4°
(b) I, ="V2 0.158 cos(400t —63.4°)




N N
10. Z=r1; +(=2)(rs +Ry) + 5
2 Ny

L
N n +(

)* an]

- (%)2(0.04)] =25+j80N

=1+ (?12-)2 (2 +4) + j(400)

.V 2 /0°
I =— = / — =0.239 /—72.6° A
Z ~ 25+j8

I, = —I, =—0.239 /—72.6° A
Vo =—RpI, = —(—;—)2(4)(—0.239 /—72.6°) = 0.239 /—72.6° V

Another method

Ny
Ly + (N_2)2 le]

o N, ‘
Vo=V, —Ljin; +(‘§2")2T2 +Jjwe

=2 /0° —0.239 /—72.6° (1.5 + j8)
=2 f0° —(1.5)(0.239 /—72.6°) — j(8)(0.239 /—72.6°)
=2/0° —0.359 /=72.6° — j1.912 /=72.6° = 0.239 /—72.6° V

' N . N, .
—juwe [Lnn +(N—:)2 L) T; —Iry +(T\1§)2 ra) 1,

V2 Vl

Phasor Diagram.



11.

12.

L (x) = ko +x
N2 . 204 -7 —4
o NboA (500 (4m x 104 x 107 _, Lo
2 2
]; 20 x 1072
. B =10
7 oy, (2)(1000)
" -5
Lm(X) — 27 » 10 H

1074 +x

The approximation for x > 0 is

or x 10°%
Ly(x) = Y H

Now to find minimum value of x

27 x 107° L 27X 107°
X 7107t 4+ x

Solving for x yields x =1 mm. Thus, the approximate expression is 10% in error

at x = 1 mm and less than this for x > 1 mm.

m(x) ko+x
Olm(x) -k
O (ko +x)°

| k ydi Lk dx

v-—r1+(Ll+ko+x m l(ko+x)’ m
__k
v=r'\/;I,cosw,t-—(L1 ko _H)U-’e‘\/_l smw,t-'\/—l,cosw, (ko +t)z
Gathering terms
= |r—
v [ (ko+t)2 \/—I,cosu, — (L + k +t)w \/_1,3|nwt

Taking the limit as t — o0
V= r\/EI,cosw,t -1, we'\/;I,sinw,t
which is the voltage equation for a linear r-L circuit. In phasor form,

=(r+ju I



13. V=l‘i+[Ll +Lm(9r)]§:'— +1

14.

10

. 0L (6;) db
56, dt

=ri+ | +Ls -—LBcos29r]—§-:’— + 2 w; iLg sin 26,

N

Vi =TIy 11 4 === dt
.

Vo =Ty 12 s e dt

A =Ly iy + (Lg costr)iy
)\2 = L22 iz + (Lsr CcOS gr)il

AN db,

dt 8 dt iy dt

di di,
=Ly, dl + L cos@,
d)\z L dlg L 9
dy gy tlacos

di; diy
vy =ryiy + L — m 4 Lg cos b, —

) di, d
Vo =Tg iy + Logg E— + Lg cos b, —

06, dt
— ig Wy L, sin 6,

— 1; wy L sin 6,; thus,

— ig wy L sin 6,

il W Lsr sin 9,



