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& 8) Linear Transformers &
) Fal
::1 A transformer is generally a four-terminal device comprising two (or more) :::
;3: magnetically coupled coils. :::
¥ — : - *
& As shown in Fig.8.1, the coil that is directly = e R &
:g: connected to the voltage source is called the AN Y WA ;::
::: primary winding. The coil connected to the } . ° ° . :::
< . ; \% L L 2 Z, e
% load is called the secondary winding. The € q : ? ? s
rad . . rat
:g: resistances R; and R, are included to :::
>:: account for the losses (power dissipation) Primary coil Secondary coil :::
/ 3 . . %
gt in the coils. Fig.8.1 A linear transformer R
& &
) S

::: The transformer is said to be fnear if the coils are wound on a magnetically linear material(a :::
o material for which the magnetic permeability is constant) Such materials include air, plastic, 1§
at Bakelite, and wood. In fact, most materials are magnetically linear. Linear transformers ’a
¢ are sometimes called air-core transformers, although not all of them are necessarily air-core. g
' They are used in radio and TV sets. 8!

% The input impedance (Z;, = %) as seen from the source governs the behavior of the
1

¢ primary circuit. '8!
::j Applying KVL to the two meshes in Fig.8.1 gives :::
o : . '8!
g V= (R, + jwLy)I; — jwMI, .(81) %
::1 0= —joMIL, + (R, + jwL, + Z,)I, ...(8.2) ::}
& From Eq.(8.2) s
8 L= 83) &
::: 2 T Ryt ety 1E) L sl :::
g Substitute Eq. (8.3) in (8.1) we get, R
E:i V={(Ry+ jwL)) + TR L ...(8.4) E:i
::} From Eq. (8.4) we get, ::}
8 2= L= (Ry+ jol iais 35) 8
) G T —— = ral
,:‘ in Iy ( 1+ jw 1)+(R2+ja)L2+ZL) ( ) ,:‘

::: Notice that the input impedance comprises two terms. The first term, ( R; + jwL,), is the :::
® primary impedance. The second term is due to the coupling between the primary and &
¥ secondary windings. It is as though this impedance is reflected to the primary. Thus, it is &

ral rat
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[<] 3 rat
g known as the reflected impedance Zr and (S
3 w?M? 8
% Zp = 8.6) &
,:1 (Ro+ jwl, +271) ,:‘
'8 It should be noted that the Eq. (8.5) or (8.6) is not affected by the location of the dots on '8
»:: the transformer, because the same result is produced when M is replaced by -M. r:1
) rat
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& 9) Conductively Coupled Equivalent Circuits . M . (3
's! ; . g . 1 2 '
:%: It is convenient to replace a magnetically coupled circuit  — m = - :::
% by an equivalent circuit with no magnetic coupling. Now  + o ® e
:?: to replace the linear transformer in Fig82 by an vy Ly % E Es v, :?:
8 equivalent T or II circuit, a circuit that would have no o ®
;:: mutual inductance. o O :::
8 Fig.8.2 8
:g: The voltage-current relationships for the primary and secondary coils give the matrix ::;
% equation ':*
el . . 8!
o [Vi] [JwL, joM |1, %!
® Wol= oM TwL llr et sl 8!
¢ By matrix inversion, this can be written as (3
% L —M £
) ; i )
&[] |Jellite M) Je(lil= ) v, (9.2) %
::: B _M Ll V2 “es . :::
'8! iw(LyLy— M*)  jo(LL,— M* '8!
% }CU( 142 ) }CU( 142 ) o
3 '8!
ral P.1
::: 1) For the T (or Y) network of Fig.8.3, mesh analysis provides the terminal equations as :’.:
& Vl] _|Jo(Ly+ L) JwLc [11] (9.3) 5
rat - . . v g rat
V2 JjwLe Jw(L,+ Lc)|l7 K
ral " . » . . » v » rat
% If the circuits in Fig.8.2 and Fig.8.3 are equivalents, Egs. (9.1) and (9.3) must be identical. &
ral . . . . rat
g Equating terms in the impedance matrices of Egs. (9.1) and (9.3) leads to 5
3 '#!
K3 e
% | Lo=L—M, Ly=L,—M, L.=M (9.4) s
3 03
' '#
::; 2) For the II (or A) network in Fig.8.4, nodal analysis gives the terminal equations as :::

{] ral
::‘ | oL, 11, * JorL; 1L —jrz |[v S
S 1| _ [J@hy  JOLc Jwke 1 (9 5) o
s |/ — 1 LV B '*
'8! £ JjwL JjwL * JjoL 2 !
! : & R, ¢ : . !
9 Equating terms in admittance matrices of Egs. (9.2) and (9.5), we obtain '8}
03 o
(2 2 2 2 ®
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::1 Fig.8.3 An equvalient T circuit Fig.8.4 An equvalient I circuit ::1
::: vAg :::
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:ﬁ: Example 6: In the circuit shown, calculate the input impedance and current I,. Take Z; = :ﬁ:
% | 60 —j100 Q,Z, = 30 + j40Q and Z, = 80 + j60Q S
% Solution: From Eq.(8.22) Z j5Q Z 3
% 2 : i (3
8 Zo = (Z, + j20) + > [T — ! 3
L‘i n - 1 J i40 7z 4 . ® [’ﬂ
8! 40+ Z, +7,) oy (F | . 8
K 5t 50,/60° (_) @ j20Q j40Q @ 2, &
& =60 —j100 + j20 + ———— &
»:: 110 + j140 ;:
), .

5 = 60.09 —j80.11 = 100.142 — 53.1°Q 5
*! v 50260° (>
::: h=2-= Tooterssm fazlisl’ 4 :::
ral n * - rat
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»:: H.W .4: Find the input impedance of the circuit and the current from the voltage source. :::
)

8 Answer: B2 o s

- 3
% 8.58,58.05°0),2.3312—58.05° A ik B B e
)

::: 5 6Q »3}
S 20/0°V (T ; ; 's!
& 20/0° \ (_) j8Q j10Q &
(3 . ; e
>.1 Jj4Q S
3 '8
(3 6!
3 '8!
a! ? : : i . ral
::: Example 7: Determine the T-equivalent circuit of the linear transformer shown. :::
:..: Solution: 2H :::
(3 - = - I 62
g L, =10,L,=4,and M =2 1 f\v 2 3
ral a o O ¢ 8l
® L, =L, —M=10—-2=8H, 2 ® K3
¢ 2 '8
3 10 4H K
& L,=L,—-M=4-2=2H i &
K3 (3
& L.=M=2H bo od %
ral rat
¥ We h 4 that rof tirections T ; SH  2H K2
::: ¢ have assume .t at re erence irections for Clll‘l‘ei‘.l’[S and ;o A R0 ¢ :::
s voltage polarities in the primary and secondary windings '8
::: conform to those in Fig.15 . Otherwise, we may need to 3H % :::
::: replace M with —M, as Example 8 illustrates. The T-equivalent :::
::: circuit is shown in Fig. b o od :::
& : . '8
::1 H.W.5: For the linear transformer , find the equivalent network. :::
::: Answer: K :::
& Ly=18H, Lgz=45H L;=18H L ) <E &
P.1 — - P.1
al a o O ¢ 8
e ® @ (>
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& 10H % é 4H (03
* (3
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rﬁ: Example 8: Solve for I}, I, and Vo using the T-equivalent circuit for the linear :ﬁ:
)
% | transformer. %
ral rat
::: Solution: 10 :::
% Ly =8L,=5and M =—1 40 Y 3
! '8!
3 AW &
::ILQ=L1-M=8—(~1)=9H, ¢ * ::1
& 60,/90° V Ct @ j8Q 50 o Vo 3 10 g
(2 _ _ _ — ()
ng—LZ—M—S—(~1)—6H, y ::;
S &
)
&% Le=M=-1H 8
ral . . . . « Lz rat
% To represent the circuit in frequency domain as ® is not . j19Q . x
4 . . o, 5 ral
:ﬁ specified , we assume @ =1 rad, and the equavalent T circuitin _ —= Yy - . %
) . . . . )
,g: frequency domain is shown in Fig. + . + k::
::1 v, J8Q % é sQ v, :::
:ﬁ: Apply mesh analysis, ~ . ~ ::i
::: For mesh 1, Q = :::
< . . . B
& jo6=(04+j9—-jDL + (DL, ...(1) (a) &
ral rat
::: For mesh 2, joQ b :’.:
g 0= (—jDhL + (10 +j6 — jDI; ..(2) o— T TN—o 1§
e , 03
::: Solve Eq.s (1) & (2) we get, —I— -j1Q :::
& ° o %
) . . .
::: I, = 0.6+ j0.3A, I, = j0.06 A&V, =-101, =j0.6V ®) :::
::: The complete equavalent T circuit in frequency domain is :::
::: shown in Fig below. :::
& &
ral - . . 5 %
& L 40 j90 jeq _b &
rad )
(3 (3
¢ " #
ral — - . D
8! j6V C_’) @ —j1Q = L Vo§ 10 Q &
rat rat
K3 (3
'8 '8!
K3 '8!
& &
) . . . . . .
»34 H.W.6: Calculate the phasor currents I, and I, in the circuit shown (in example3) using rzi
gt | the T-equivalent model for the magnetically coupled coils. el
ral rat
X Answer: 30 ¥
ral —74 C ral
(3 j4Q (3
5 ) ) S
% 132—49.4°A, 2.91214.04° A i '8!
(3 2,00V (F I i5 ¢ 6 C I 208
% zev (@) (1) jsa e (1, 1204
)
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