Homework 7

P5.3.37 Determine NEC
between terminals ab in
Figure P5.3.37.

Solution P5.3.37
V1 = 4Vo; KCL at the right node:

1 1
————NVo—4Vo) + g+ — Vo =
j250( o= Vo) + g+ g5 Vo
where |, = M Substituting,
.3 100_4V°+ 1Vo:0

j250 1000 50

This gives Vo =-4—j3 V.

When terminals ab are short-
circuited, both nodes are at zero
voltage. It follows that

ly=0.1 Aand ls.= Iy =-0.1 A.

Moreover, Yy = 0.1

4+j3 250

NEC will then be as shown.
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P5.3.38 Determine TEC 10Q j15Q 200 a

VV\——0
between — +
. . I
terminals ab in 15.,30° \V <"> * a1, -jsQ Vo
Figure P5.3.38. - 2V
*—Op

Figure P5.3.38
Solution P5.3.38

On open-circuit, I = %;

Vo = (-4l)x (+5) = j20l, = j2(15.£30° — 2V,), or V(4 - j) =30.30°

Vin = Vo = 334_3?0 = %[(4\/5 1)+ j(a++3) = 7.277.284.0° V.
15.30°

On short-circuit, I, = and lg. = -4l, = -6230° A.

Hence, ZTh = —i_z _—20— ]EQ
4-j 17 17



P6.1.1 The terminal of one coil in Figure P6.1.1 is
marked with a dot. Mark one terminal of the other °
coils with a dot and connect the coils in series for

maximum total inductance.

Figure P6.1.1

Solution P6.1.1

The dots on the windings should be such that current

entering at the dotted terminals produces flux in the same
direction in the core. To produce maximum inductance, the

coils have to be connected so that fluxes are additive.




P6.1.2 Two coils are coupled through a high-permeability core. When iy =4 A, ¢13. =0.1
mWb and ¢; = 0.4 mWb. When i, =3 A, ¢, = 0.6 mWhb. If N, = 1,000 turns and L, =
400 mH, find N,, L;, M, and ¢,.. What is the total energy stored in the magnetic

circuit? What is the dot convention with respect to i; and i, implied by the signs of the

fluxes?

Solution P6.1.2

M,, = % = M =M,,. It follows that M = N?¢21 _ 1000~04 _ 100 mH and
Iy [ I 4
N, =N, 292 10003 94 _ 500 turms. L, - Ny(fhs +4)  50000-1+0.4) _ g oy
i, &, 40.6 I 4
2
3%400 = 1000(0.6 + gzo). This Gives ge = 0.6 mWh, Or, 20 04 06

62.5x400 0.1+0.4 ¢, +0.6"

which gives the same go.
Since ¢, and ¢, are both positive, they are in the same direction, and the energy stored is
0.5x62.5x(4)* +0.5x 400 x (3)> +100 x 4 x 3 = 3.5 mJ. The same sign of ¢, and ¢, implies

that i; and i, both enter the dotted terminals.



P6.1.3 Two coils having N; = 800 turns and N, = 500 turns are coupled through a high-
permeability core. A current i, in coil 1 produces ¢ = 500 uWb and ¢,; = 400 pWhb,

whereas a current 2i, in coil 2 produces ¢, = 1400 uWhb. (a) What ¢, is produced
by 2i; in coil 2? (b) What is the coefficient of coupling? (c) If the permeance of the
core is 50 nWb/A-turn, what is the mutual inductance? (d) What is the inductance of

each coil?

Solution P6.1.3

(a.) Since M12 = le: 500 X 400 = 800 X ¢12

, SO ¢ = 500 uWh.

Iy 21,
(b) From Equation 6.1.20, k = \/ 400 X 500 =g /i =0.342.
500+400 1400+500 3YV19
(©) M=Nexba  NoxNilixPe N b 800x500x50x10°° = 20 mH.
Iy Iy
(d) L= 200x900 -, 5001900 .\ e Lo 800x900x2 4 oig ondiyl,=
Iy 2i, L, 500x1900
M2 (20 Y
— === This gives Ly =72 mH and L, = 47.50 mH.
k 0.342



P6.1.5 Determine the frequency at which the k=075

current i in Fig. P6.1.5 has the same i A T

. . , ndie'a'a'a | | YN
magnitude when the connections of one coil 55 11 | | 120 mH
are reversed. Find for both connections: (a) v 6 uF

the peak current, and (b) the peak stored

magnetic energy, if v =100co0s(1,000t ) V. Figure P6.1.5

Solution P6.1.5

M=0.75430x120 =45 mH.

Since the current magnitude remains the same when one coil is reversed, the impedance

reverses sign.

Thus: j@(30 + 120 + 90) — —— = (30 + 120 - 90) + —)— . or 3000 = 2. & =
oC oC

wC
1 J1i0

- — o= —— krad/s.
150x107° x6x10 3

For the maximum inductance connection, at @ = 1000 rad/s

Z = j10%240x10° - — = 22013 ©;
10° x6x10~

100 15
220/3 11

Magnitude of peak current =

2
Peak stored magnetic energy = 0.5x (%) x240x10° = 0.223 J.

For the minimum inductance connection, at @ = 1000 rad/s

z:nn%mkmﬁ—ﬂﬁ—éjﬁ$=$nm39
X X

100 15
320/3 16

Magnitude of peak current =

2
Peak stored magnetic energy = 0.5x (gj x 60x10° =0.0264 J.



P6.2.10  The linear transformer of Figure P6.2.10 has
L; =40 mH, L, = 60 mH, and M = 20 mH. If
i, =0.5cos(500t) A, determine i,, v,, and v,

both as time functions and as phasors. What

is the power dissipated in the circuit?

Figure P6.2.10

Solution P6.2.10

ly I

1/joC = 1/(j500x50x107°) = -j40 Q; —~ j10Q =

joM = j500x20x10° = j10 Q. + ol e 7

The current equations are: v, 1200 30 g2 100
j20l; = j10I; =V, _ _ 40 Q

and —j10I; + (10 —j10)I, = 0.
-1+

J.|1=

. x0.5 = 0.25(-1+ j)= 0.25v2,135°A =
-]

The latter equation gives: |, =

0.25+/2 cos(500t +135°) A.

V, = 0.25\/54135°(10 — j40)=14.58./59° V = 14.58c0s(500t + 59°) V.
From the first equation, V; =j20*0.5 — j10x0.25x(-1 + ) = 2.5 +j12.5 = 12.75/78.7° V =
12.75cos(500t + 78.7°) V.

The power dissipated in the 10 Q resistor is (0.25) x10=0.625 W.



