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AC Power Transfer
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Review on
Orthogonal Sinusoidal Functions

e Suppose that we integrate f(t) = cosmtx cosnt over one period of f{(t).

2T
j cos2txcos3tdt =0
0

1'[ Generally,
f cos2txcosd4tdt =0 m#n =» zero
0 m=n = non-zero

Tt
f cos2txcos2tdt #0
0

* It applies to sinmtx cosnt or sinmtx sinnt.

* We say two sinusoidal signals are orthogonal over the [0, T] range
when the integral is O.



Circult With Two Sources

* Total response can be derived with superposition as
I =11+ i
* Instantaneous power is
p=i’R=R(iy +ir)" = R(i3+i%+ 2i1ir)
* Average power is
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When v, & v, Frequency Differs

 How can you determine T for average power?

T R [T
/ pdr:—/ (i%+i%+2flig)dr
0 T Jy ) '

/T‘z !r+R/T'2 !r+2R iy It =P, + P +2R L It
[ — [45 ¢ p— 1> ar = I 2 p— 1z ¢
Jo 1 T )y ° T Jy T Jy

P =

~lx N =

d Then, 2R T‘ ‘
? i1l> dt =0
Jo

* Which means
P = P; + P, = Power Superposition !
* Note that principle of power superposition is valid only when

2R [T

i1 dt =0
I Jo



Example 11.7-1

* To illustrate power superposition, consider two cases:
1) wv,(t) =12 cos 3t V, vg(t) = cos 4t V
2) v,(t) =12 cos4tV, vg(t) =cos 4tV

* Find the average power absorbed by the 6-Q resistor.

valt) =12 cos wqt V <f> Cﬁ) vg(f) =4 cos w,t V




Example 11.7-1
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Review on Inductor Basic Physics

* Suppose we have an inductor (in the form of coil):

-V +
Magélnetlccp 0'0’0'0'0'01 Current/ I
ux
"""""" X1 = CxNxi
i 4 O N : number of turns
di/dt 9 dCD/dt = \/ C : magnetic properties
V= [xdoidt __,V < dCD(dt v(t) = L x d;(tt) Definition of
= Nxd@/dt mmmmm— Faraday’s law inductance

 Now we are ready to look into L (inductance) in more detail

_ di(t) _ di(t) o
v(t) = [x = = CcxNxNx = = L=cN




Coupled Inductors
& Mutual Inductance

Primary Coil Secondary Coil
Coil 1 Coil 2
. /T XC., XN
S di,/dt e .

: dmn/dt dwlZ/dt ™ N
le(\x v, v, S\

v, =[x diq(t) v, = [ diq(t)
dt dt

=L, =¢,N,? = ¢;,NiN,

=M,,
(mutual inductance)
Relates i;=>v,



Another form of Coupled Inductors

* Coupled inductors, or coupled coils, are magnetic devices that consist

of two or more multiturn coils wound on a common core.

fin] 0
=40,

AN\
I
ﬁaégﬁ,lJy

J BEREEE

A \ iy .
N\ / / Ay H.n_n..m /) I

NN
NN\ N LLLLLLLEL \

N AN

A%

Cross-sectional

AN

ARRRR:

AY
.1:./1/:1:./1/:1:.“,,/ u _, /

/AN i
FoNN
N\
\
\
\
\
\ AN e TR ALER R AN AN //
N\ \ MO T \
aTEE NN\ g
. N WOV
= /, ”{J_________//‘\
= \ NI
S \ HTTELT T NN /
L Iy yrisrrys. WY /
= L N— T \;
S N\
n @ e\ W
n o N\ AR
A W h A\
o AN \
- A NN
(] A\ \
\ N 7
A i+ 1]
_/



More Complex Situation;
Both Coils Generates Current Change

Coil 1 Coil 2
xc, XN, d’1/dt _____________________ cuxNy d’z/dt X6 XN,
dCDll/dt +d®, /dt < Cxn, T - d®,,/dt +dCD22/dt
= N, x (d®,,/dt+d®,,/dt) V=N, % (d@,,/dt+dD,,/dt)
= L,di,/dt + Mdi,/dt = L,di,/dt + Mdi,/dt
V, = juL,l, + joMl, V, = juL,l, + joMI,

Recall that in the previous slide,
1) vy =c¢,N2xdi/dt = L,di,/dt
2) vy, =cyN;N,xdi,/dt = Mdi,/dt



Cross-sectional - 7

area A ~__ — ////:'i :: a
Mutual Inductance M e el
* Voltage v,(t) causes a current i (t) in coil 1:
/ di
vi = L] —
1 1 5

* Currenti,(t) causes a flux in the magnetic core.

¢ = c1N1i;

" ¢, : constant determined by the magnetic properties and geometry
= N, : the number of turns in coil 1.

v, is related to the flux by

do d L adi ,
1,.1_NIW_NIE({.lNH])—{.lNI 7 - L1:{.1N1

v, at the terminals of the second coil is induced by O,
d(]ﬁ dll ""dil

%) :NZ_:CMNlNz =M

dt dr -2 dr

Mutual Inductance, positive number, Henry unit.



More Complex Situation;
Wrapped in Opposite Direction

LI

= N, % (dCD11/dt-dCD21/dt)
= L,di,/dt - Mdi,/dt

V, = jwLl; — jwMl,

Coil 2
XNy d’z/dt X6, %N,
N, T dd,,/dt +dO,, /dt

= ZX (-d(DlZ/dt+dCD22/dt)
= L,di,/dt - Mdi,/dt

V, = jwL,l, — jwMl,



Dot Convention

* Polarity of v,, compared to the polarity of v,, depends on the way in
which the coils are wrapped on the core : two distinct cases exist.

* Dot convention indicates the way the coils is wrapped on the coil.

i,(1) i5(1)

— f—
[

+ ‘L — J°* +
v1(7) ?Ll L2§ v, (1)

both coil currents enter
the dotted ends of the coils

I dfl —}—Mdlz I d12 +Mdl1
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il enters the dotted end of a cail,
but i2 enters the undotted end
di di> di> di

=t a 2T g dt



Phasor Equations for Mutual Inductance

i1(1) i5(1)
— ~f—
M
+ *Le— )°* -+
Ul(f) L1 L2 Ug([)

V1 :jCOLlll +](1)M 12
A\ :j(UL212 —|—]COM I

V1 :jG)Llll —]G)M 12
Vz :ja)Lzlz —jCz)M Il



Coupling Coefficient

* L, L, and M each depend on the magnetic properties and geometry of
the core and the number of turns in the coils.

* We can write
LiLy = (c1N}) (c2N3) = c1ca(NiN2)* = (

MmN 1N ’ M~
k

where k = cv/+\/cic; is coupling coefficient.

e Or
P M
vLiL
where

0 <k<I



Example 11.9-1

* Find v,(t)

80 i1(1)

io(1)

2 H
+t+—>

4H 3HS 0 §129

. +

5 cos (4t + 45°) V <_

Primary Secondary



Example 11.9-2

+ v (t) = 5.94 cos(3t+140°). Find v (t).




Example 11.9-3

+ v(t) = 5.94 cos(3t+140°). Find v, (t).

5Q 4 H




Coupled Inductor as a Transformer

fl(f)

joM o
- -

Tl )
| WO () mad pe )2

Y
A

Circuit 1
(source)

Primary Secondary

e Circuit analysis using node or mesh equations: Assuming k=1

jolily — joM 1, =V, » Lj(')M ] [j(')\/Lngl NP
. ) -y I, = |- Vi = [ Vi = Vi
—J'{.-’JM 11 -+ ()-'(.ULQ —+ Lg)lg — 0 w L2 JolLZ; ZZ\/fl
* V, across Z,, which relates V, to V, as n = NN
R ’ 2 N2l
V, = 7,1, — ;EEVI « L, _ c‘gNE Same core E B NE _ 2
Vi, L N2 L, N

* Thus,
Vg = HV]



ldeal Transformer

* An ideal transformer is a model of
a transformer with a coupling
coefficient (k) equal to unity.

* No power loss in the transformer

=» zero complex power, zero average
power, and zero reactive power are
absorbed by the ideal transformer

fl(f)

|deal



Z,VS. Z,

Ni:N
L 1 e L]

Pt e I

* Consider the following circuit:
- |deal -

O (1
Primary Secondary

e Z,is called impedance seen at the primary of the transformer, or the
impedance seen by the voltage source.
Vi

Z =+ =>» How it would be related with Z,?
1

* \We can write as:




Equivalent Circuit For Ideal Transformer

\1 \2

f
Circuit 1 | V(w) | | L(w)
|




Example 11.10-1

* Find the turns ration n that is required to cause maximum power to be
transferred to the load when R, =8 Q and Rg =48 Q.

|deal



Example 11.10-2

* Determine v (t). L) 8 Q 300
O AAAY, —3:2 3 o
(ﬁ) v (t) = 75.5 cos (41 + 26°) V ‘ | 9H < v
o o

lw) 80 300

O AA%AY 132 VW o
+

() Vo) =755 /26°V ?% 36 Q< V(0
o

)
A




Example 11.10-2
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Example 11.10-3

* Determine the value of the power (a) supplied by the voltage source,
(b) received by the impedance Z,, and (c) received by the transformer

2 |2

22:
125 + /50 O

1:5 «—
— ® @
l, +
(ﬁ) 120/ 15° V V, H V,




Example 11.10-3 Z,=4+/80 Lk
C) 120/ 15° V | V, ;% V, 1252:/,50Q




