/ Chapter 8 Transformers and mutual inductance \

-optional-
8.1 ldeal transformers

Ideal transformer model, referred source network, referred load
network, maximum power transfer

8.2 Magnetic coupling and mutual inductance
self-inductance, mutual inductance, coupling coefficient
8.3 Circuits with mutual inductance
Impedance analysis, T- and 7 -equivalent networks

\ 8-1 REFHR “'8'3-?;%




/ 8.1 Ideal transformers \

Basics
1. Ideal transformer model

i1 in i io i i

—> 1:N <+ — <+ —> <+
+ . o + + . + + v, i +
o A® ] Nv — U ] —_
I || S X SRR ORI
Primary Secondary W W
Vl(t) — Nl :i Il(t) :_&:_N N E&
V2 (t) N, N i2 (t) N, N,

PO = 0 0+, (0 () =% 1,0+ N 2 =0

. means higher potential terminal.
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/2. Referred load network and referred source network \

Lin Lout

Iip = N"ou:‘ Lout = Iin/N
£ e o * o 2 o
Z N<Z,
AC + 4
v Vgt Load
source L v Vi NV,
+ 2 +
N E’u = ynm‘{N Z|N e Ynm. = Nl’m Z
(e} Ideal wransformer interfacing a source and a load _ -
Tin = NI Loyt =1in/N . X
Dzl —& 1:N — (a) Referred load impedance (h) Referred source network
=] + + in the primary in the secondary

o | : Maximum power transfer

fh) Frequency—domain diagram by impedance matching
Z
\iin__lout_i Nz_z _R—JX
Vv | N

—out —In

referredto the primary—> V. :\i"“t A =NI1 2., —\iin :\iout 1 Zw

N - 1. N NI, N?

referredto the secondary—V _, =NV, , | —ll\‘lf‘,zout:\iOUt NV, N —=N’Z

Zin? Zout Zin In
lout lln
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%)iscussion

1. Transformer with taps

+ 0

U1

(a) Ideal transformer with (b) Controled—source model

tapped secondary

vi® _ N, vl _ N,
V(1) N, i) N,
p(t) = vy (D)1 () + v, (01, (t) + v, (D)15(t) =0

] V,. V.. N,. N,.
=iy (t) =——>1, -2, =——%i, -2,
Vl Vl Nl Nl
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/2, Ex.8.1 find |, P from source

10 uF

60V /0°

00>

w = 5000

(a) Circuit with an ideal transformer

VvV, -3V

~j20
Z =%=2—j4—>P=%M2Re[Z]=18O

P, :% |2R =180 =P :lossless

.

I=1.-3l,=1.-3(, —lR)z-zx#mngOl:m j12 =/180.,63.4°

8-5

(b) Frequency—domain diagram
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/3. Ex.8.2 use transformer to improve 7

2+ 48 decreases
V,=21+V, =1250
increases

Source Transmission line
1 —{= 4 —{=
(a): P =15k,P = _“_Om ‘2 R V() ;20 Lo
L Your 30
= |Lowe| =200,V o, | = 3| Ly, | = 300
3 (a) Power transfer via transmission line
— (1| =100, =5x|(l|=500,7n = = 60%
1]=100,)V,| = 5x]1|=500,77 = ———
(b) : both ends referred to the middle L
V.=500 500N H "
’\La = I\I\Lin
L Lin /N :
3Q 42 X 3Q (h) Circuit with transformers at each end
— ’\Lb = 4\Lout =1200 [N 1 Ludh = 25 A [0°
1, =100 1, /4=25 gy e e
48 ] 500N /4, ! 20 i 2
1= 1812 96% increases ® Yy =NV, G=aty=l200ve ot
S00N
I_ = = 25 —> N = 25 (¢) Frequency-domain diagram with both ends referred into the middle

=3
"
g
i
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/4. Ex. 8.3 oscillator application for ac signal coupling

~

N = % — referred source network

12 cos 50,000t V

-+

KCL — (i+ j0.005 +i)\iout = 0.024 Bl I Vout =
250 500

-+

S/

1 uF

500 Q

>V oy =34 -40° ® i
l - 20V =
s = (10005 + )V, =0.016./20° -1

(¢t) ‘Transformer circuit with ac and de¢ sources

s _ 24 mA /o0

N?R, @

N?R,=250Q Vi,

I~
+<:-,$E

1

500 Q

i

in the secondary

\

TREHAESS

T 70.005

s

(h) Frequency—domain diagram with referred source network
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/ 5. Ex. 8.4 use transformer for maximum power transfer, find N and \

X for P,
V. =|1.Z,=18 L
. . — 1:N
Z,=400//-j200 =80 - j160 | _100ma J_ - ‘%5wﬂ
Z 500+ jX x : e seLRR .
- IR _z:-80+ 160 , 'T i
: 5 |
N N = @ _ 25 (a) Model of anyplifier with impedance-matching transformer
V' 80 output of an amplifier
. _I.-'n
WL o 160,L=0.01 e il
2 .5 500 Q
IVl =18V Z, N2
18 ? 4l { JoL
— lvrms2 _ 1 (\/Ej "

o = == =0.51
4 R 4 80

Transformer is a practical component as a lossless impedance

transformer.
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(h) Referred load in the primary

s
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/8.2 Magnetic coupling and mutual inductance \

Basics
1' 2 i i i
— . 1 M 2 1 M 2
) di, —> PR <— —> TN <+
Vil L, =M E + . . + + . +
_V2 i M L2 & U1 Ll L2 Uo U1 Ll L2 Up
| dt _ )
vV, . [L =Ml ° ° ° °
V = JW +M L2 I_ , (a) The same winding sense (b) Opposite winding sense
L, (N,
3 ( NZ) ,M =k,/L,L,,0 <k <1k :coupling coefficien t
1
: . di, di, di, di,
t) = vji, + v,i, = Li, ==+ Mi, —% + Mi + L.i
p(t) = vyl +V,l, th 1 gt 2dt zzdt
di di,i . di
=Li —~+M 224+ Lji,—=%
"ot dt 27 dt
1 ., .1,
w(t) = | p(t)dt = ZL,i7 + Miji, + = L,i;

2 2
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8.3 Circuits with mutual inductance
Basics

1. Frequency-domain model

L Ly “n JoLl
o 1)) 1) o o M\
+ diyp di + + .
+ M I M it} * joMI,
(] dt Uo Yl
o o o
_ d|1 _
Vi _ L, =M d—t N v, _ Jwl,
v | =ML, Jdi | T v, T jwm
| dt |
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Lin M Loug
/ 2. Impedance analysis — o b —

— I Vin

I—2 — Zout @ Ll L2 Vout Load

loop1: jwL, I, — JwM 1, =V

Zin -

loop 2: (jwL, +Z)I,, = jwM I

(a) Transformer interfacing a source and a load

N I_out = — JWM %D JjoL, JjoLoy _Iilé
I_in JWLZ +Z © ) ) ©
Vin —JjoMI,,; JoMI;,
V H - - I + o + + m
Zin _ —in _ Jle_ jWM —out_ @ <_> <_> Vo, |z
I_in I_in -
2
— JWL 4 (WM ) (b) Frequency—domain diagram with controlled sources
. jWL2 +/Z L N 2 .
- ifk=1-2=|—-2| =N*>M =,/LL, =NL, =—2
_ ~wWLL, + jwL,Z + (WM )? L, (NJ 12 17N
Wk, +2 —>I_°—LH=M;.=L—1_ %i,ifWL2>>Z
V 71 L, L 1+Z/jwL, NI1I+Z/jwL, N
—out __ —out

V. 7.1 S __whz _ LziL, 1 Z _Z
~in in~in- " jwl,+Z 1+Z/jwL, N?1+Z/jwL, N?
JwMZ i _
= > 5 > You = J_WMZ = M = N, = N,"ideal transform er"
-w°L L, + jwL,Z +(WwM) V. jwLZ L N,
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/3. T- and 7 -equivalent networks

(a) Magnetically coupled coils

il +M i2 il i2 'il )
— ¥ % <+ —> <+ —> <—
o—M—r9p—"—o o ——or o

+ + t O L1FM LM 7 + L1 +
v Ll L2 Uo U1 +M Uz U1 Lll L22 Up
ny o . o Ny nio o o <_> o ® 2_3

+
v, =0

(b) Equivalent tee (T) network
T —network :

KVL —s Vo= jwlb,sM)L £ jwM (L, +1,) = jwL |, + jwM 1,

V, = WL, TM)L,+ jwM (1, +1,) == jwM |, + jwl, |,

R.R, +R,R, +R.R,

Y — A transformation(4.37) : R, =

RC
7 — nhetwork :
(I—1$M)(iM)+(iM)(L2$M)+(L2$M)(L1$M):I—1L2_M2
LL,—M? LL,—M? LL,—M?
ST VI VI N Y
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if NO=J_ri
M
M M 2
— — :_kZL
_)+NO L2 '
2 ¥ _!T!{!__ — ()
N, N,
if NO:J_rM
I"1
M
__:O
—>L1+N° =
2 L,

; M Ly, m ,
.’-1 Ll .I-N_O N2 +FO N012
— 0 <}— 1 NO
o 1) "
- + A +
M U2
Ul @ iFO ATO ‘ ‘ bz
- _ _
(a)
51
b 1=k 1
o L)
+
v S k2L,
o
(h)
M (1 - 2L, /k2 2
—> 1:+ ML, <+
o ()
+
vy 3,
o
(c)
,;B 2,
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N

4 mH Lout

Lin

—=

Discussion am
1. Ex. 8.7 find I_in ’ I_out ’\Lout ¢ e £ J_
10 cos 1000t V 50 uF
2 mH 20 mH Usut
%69

(a) Circuit with magnetic coupling

+
s

j2Q jl6Q

L )
10V /0°
@ ﬂ J4Q

w= 1000

L,-M =-2mH,L, - M =16mH

(b) Frequency—domain diagram with the equivalent tee network

- j4 Hﬂ

=2/53.1°V = (6-j20)1,, =41.8/-20.2°

- J4 I_in
i4+ 16 - j20 + 6

I—OUt

mesh equation, {

1, =3£-36.9°1

1 —out
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/ 2. Step-up autotransformer, find Low Yoou

I Vv

—in Zin

mesh equation

jWL1 'jW(I—1 +M ) I_in \Lin
{-jW(L1+M) jw(L, +2M +L2)+Z}LOJ:{ 0 .
I_out jW(Ll + M ) v = ad [ vy
1, w(L+2M +L,)+Z V@
Vi _ Lol jw(l, + M)
\Lin - \Lin jWle_WZ(I—le_Mz) “
i | jw(L, +2M + L,)|>> 2],k =1 (@ Cirit withstep-up atosnsfomc
| _ L, +M _ N, _ 1 b b
. L+2M+L, N,+N, N
Ve LM N +N, _ Delat¥h S Ip+M

1<t

N n —joM M
\Lin Ll N 1 — g — Jout [2] Yout n o—IM—
éP q S jolLy+ M) = f L +M

a a

(d) Frequency—domain diagram (c) Equivalent tee network
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/3. Tuned amplifier design ) = S ﬁ \

find R,C to give w, =10°,Q =25 ‘ . 4 : .
C%) L;=5uH Ly=16uH C=< R< Vout
0.8 ) .

M2

k?=——=
L1L2

() Model of “tuned” transistor amplifier

—>(1—k2)L1:1,k2L1:4,ﬁ:2

T 2

o—Mr—-or : o
1 6 is L L] +
w, =—=10" > C =62.5pF @ 4 uH ‘ CTR R< Vout
LC
R B le
Q par = = 25 —> R = 400 (h) Equivalent circuit with an ideal transformer
w, L
22 % 1 uH

S ot
=
i /2
22 % 4 uH CT R Vout

(¢) Referred source network in the secondary
R p4 =# X 5o
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