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Sinusoidal Steady -Stat
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Power Calculatlons
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Recap: SinuWes W\j\

> A sinusoidal voltage (current) source produces a
voltage (current) that varies sinusoidally in time.

& Frequency
(radians/sec)

- 5
( Time (sec.)

Phase
Grey, ==
= 2q€P (; i

nJ
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Recap: Frequency an@iod)

» A function that repeats itself is called . The
ne 1’

amount of time required to complete o cycle is
called the period.

» The number of cycles per second is called the
frequency.

Period (%c.

A
LFreguency ertz

Frequency (rad./sec.)
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Recap: Root-Mean-Square Value
 —~— o~

» The rms value of a periodic function is defined as the
square-root of the mean value of the squared
function.

Vo = L e

> Fos, the RMS value can be
shown tobe
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02
> Phasor is a complex number that carries the
amplitude and@nformation of a sinusoidal
function.
&"\’WL A_OU\N-OUV' -

V=9t o) e

» The sinusoidal function is obtained from the inverse
phasor transform as

V(t)=9"{V}=Re{Ve|
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Recap: Polar and Rectangular Forms

» Euler Identity shows us how to go from polar form to
the rectangular form: N \F{
/0=

@: cos () + jsin(o)

» One can then go from rectangular to polar form as

| V=x+jy=V,e" _ 2
with —

V= \/X2 +y° o=tan” (Xj

X
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Recap: Addition and Multiplication
» Multiplication is more convenient in polar form:
J($1+02)

:\/m1ej¢1) ) :\/mZej(sz — :\/m{\/mzj e ¢

V; Vs v

» Taking a power is simple in polar form:
. \R )
J _ R , kO
(Vme ) = "V¥e
» Addition is more convenient in rectangular form:

Ve’ + V,,e7% =V, cos () + V,, €05(0,) + (Vi ST () + Vpp STNL(4))

r—\_/ e
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Chapter 10 Sinusoidal Steady-State Power Calculations

In Chapter 9, we calculated the steady state Voltages and currents
in electric circuits driven by sinusoidal sources. ;

We used phasor method to ﬁnd the steady state
voltages ‘and currents.

In this Chapter, we con@ower in such circuits.

The techniques we develop are useful for analyzing many of the
electric devices we encounter daily, because sinusoidal sources

are predominant means of providing electric power in our homes,
school, and businesses.
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10.1 Instantaneous Power

Consider the following circuit represented by a black box.

_ i(t)=1,cos(ex + 6 )

v(t) v(t)=V, cos(axt + 6 )

The instantaneous power assuming passive sign convention
( Current in the direction of voltagedrop + 0O - )

p()=v ()i (@) (Watts ) &)

If the current is in the direction of voltage rise (— O+ ) the
instantaneous power 1is:

:@) —H pO)=v ()i )
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i(t) [,
+ N~ ‘
V_(t) v()=V,cos(ax + 6 ) v(t)= @? +8-6)

- D /

pOL O L 17, costar + 8~ 6 )it1, cos(an);
o =V, I, cos(gpt- )Cf)S

Since I [ -
——  cosacosff= cos(a—pf)+ cos(a+f)
S~ N 2 : 2 !
Therefore )

pt)= %cos(f’v\/v—ﬁi) + %cosé’v - 0)
6),_, '\/’W\LW\ coe| Bo-B¢ 3_\' '\/WVQW‘ cog(’wﬂ@)
_
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i(t)

- i(t)= 1, cos(ax + 6) i(t)=1I, cos(ar)
+
V() v(t)= V, cos(at + 6, ) = vO)=Vpcoslar + &-6,)
Therefore ~ P©)= V—mzlm cos(h - 6) + V—’”zl weosa +4, -~ G)
Since cos(a+ ff)=cosacosff — sinasinf
N
Therefore cos(2ar +6, — 0.)=cos(b, — 6.)cos(2ax )—sin(f, — 6. )sin(2ax)
)
V.1 V.1 VoI, . -
p(t)= —zsmcos(6, — 6) + —Lmcos(6, — 6,)cos(2ax ) ——L-1sin(6), — Qi)s1n(2qxf)\
{ T R e
2 -
Af(qug

_ Aewer
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P

v,

p—— &
- — i(t)=1, cos(ax )
v(t) v(t)=V,cos(ax + 6, — 6. )
— )
- ol

)= "l cos(@, - ) (¢

5 -cos(@ ‘91‘)0 2

,=60° 6,=0° €

ip

You can see that the frequency of the
i [nstantaneous power if twice thD:
frequency of the voltage or current

\ ~—_

12
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10.2 Average and Reactive Power ;,,0/!7

Recall the Instantaneous power p(t) /

V—””z[ m cos(6, — 6)) +

2 — 2

— <=

Vil cos(6, — 6 )eos(2at )" ndm sin(6, - 6’1.)sin(2a)t)&

pt)="P + f cos(2a)t)—Q_;n(2a)t)

= R

P

where

_/ﬁ _ 1

Vil & { o 0P
@ —s5eesin(G, — 6) Reactive Power ZP)L,?/:( 0 /¥

O~ NS

)
3
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10.2 Average and Reactive Power

electric to non electri
—_———— —

Average Power P is sometimes called Real poweD because
it describes the power in a circui 18 transformed from
Example Heat ).

It 1s easy to see why P 1s called Average Power because

1 tot+7 1 to+ 71 Q//
p)dt = {P + PcosQart)-0 sinQari )idt =P
I'Jt ' J, - :
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Power for purely resistive Circuits 0_2/,

D[

negative.
0 0005 001 0015 002 0.025

p(t)= P + Pcosat)—Qsin(2ax) ,P 3 )
\ @ s >
6=6 mm) p- szlm cos(g. - 6) = V—’”zl’" cos(0)
0="ulnsing - ) = Vudn sin(O)o
= 2 i D =
% 20
mm) p() + %COSQ@U 2 i
N
The instantaneous =
Vondm 3 05
power can never be 2 S
g 0 1 I | |
E

Time (s)

=) Power can not be extracted from a purely resistive network.

A

1

5
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Power for purely Inductive Circuits Q —
= ,; J
p(t)=P + PcosCax)-Qsin(2ax) §,=6,+90°
2 B —_
mm) 0-0-90 mm) P=pmeos(d - 6) szlm
& -
= Vondm cos(90°) - CQ 3
2 ) —— ‘ 3 {0 Q(VAR)
0="sfusin@ - 6) = Vnlnsinow) e
~——— s L
=) p()=- "z 2]’" sin(2ar ) i o IPOW)
. . T
The instantaneous power p(t) 1s 2
continuously exchanged between B v 8
the circuit and the source driving the g \ Time (s)
circuit. Theaverage power is zercb

16
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Power for purely Inﬁctlve Circuits — 3 \va ol
When p(t) 1s IL()_sitive,s being stored in the
magnetic field associated with the inductive element. szl -

When p(t) 1s , energy 1s being

extracted from the magnetic field.

p—

g /

p (W)
The power associated with purely 0.5 |-

inductive circuits 1s the reactive
power Q.

The dimension of reactive gower@

1s the same as the average power P.

o [EW)

-1.0 1 I | J

0 005 001 0.015 002 0.025

Instantaneous, average and reactive power

To distinguish them we use the unit Time (s)
Vgt Ampere Reactive) for ) _szjm

reactive power. ? =

o4

e
ﬁ
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Power for purely Capacitive Circuits
S —

C
p(E)= P + Pcos(2at)—Q sin(2ar)

) ) -g-90 W) p- V’mcos(@ 9)_Vm21mc (=9 )- Vol

Yy
Cl’P::g"

0= %sin(@ - 6) g
jaF
2 p (W)
V1 z i
—> p(t) =~ mm m81n(2a)t) g 0
on
= os|
The instantaneous power p(t) 1s % 1 O (VAR)
continuously exchanged between 2
the circuit and the source driving the g 15 ' 1 l 1 |
Z 0 0005 001 0015002 0.025

circuit. The average power is zero. Time(s) Vol
.

18
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S
Power for purely Capacitive Circuits P

,‘le m
#7 Qﬂd)\\ﬁ&
When @(t) 1s positiv , 1.0 —
being stored in the electric field p(W)
associated with the capacitive

element.
O (
5 Z ] | { |

=

<
n

P (W)

o

|
O
n

When p(t) 1s negative, energy 1s
being extracted from the electric

Instantaneous, average, and reactive power

-1.0
field.
The power associated with purely . / C.005 Ofr’ilme(z:;ﬁ 0.02 0025
e 0 . . . . V ]
capacitive circuits 1s the reactive ——i5

power O (VAR).
s

19
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The power factor
Recall the Instantaneous power p(t)

Y
p(t)= %cos(@ - 0) + %cos(@ _ @)cos(zax)—%sin(@ - §)sin(2ar)
P average P average J\ U reactive
powe powe power
C\/\_/

=P + PcosQax )—Q sin(2ax )

The angle 0, — 6. plays a role in the computation of both average
and reactive power

The angle &, — &, 1s referred to as the power factor angle
S

We now define the following : The power factor Pf=cos(é — 0.)

The reactive factor rf=sin(f, — &)
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The power factor

pf =cos(d, — 6))
Knowing the power factor pf does not tell you the power
factor angle, because cos(@, — 91 ) :COS(@ -4)

To completely describe this angle, we use the descriptive phrases
lagging power factor and leading power factor

Lagging power factor implies that current lags voltage hence an
inductive load

Leading power factor implies that current leads voltage hence a
capacitive load
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10.3 The rms Value and Power Calculations

[~

Assume that a sinusoidal voltage is applied to the terminals of
a resistor as shown

@Sjm{é} ¥ :@ %

Suppose we want to determine the average power
delivered to the resistor

22



Mobile User


10.3 The rms Value and Power Calculations

Suppose we want to determine the average power
delivered to the resistor

| ot 2 2
— V = cos™(awx+6 )dt
T to m A%

2
| T | +T {V cos(wrt +0 )} 1

to

R R

tot+ 7T .,
j V = cos™(awrt+6 )dt

v
to "

the resistor carry sinusoidal curre

23
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Recall the Average and Reactive power

P = szlm cos(d, — 6.) O = %sin(é’v - 0)
Which can be written as
Vol _ Vndw singg, - 0
P = \/_\/_cos(é?v 0.) Q= \/_\/_sm( )

Therefore the Average and Reactive power can be written in
terms of the rms value as

P =V imslims 0086, = 6,) Q =V s Ly SIn(6, = 6))

Th@ralue 1s also referred to as tl{fi‘e{gtive @
~ —

" —

Therefore, the average and reactive power can be written in terms
of the eff value as:
et

P=T ;f ffcos(éL 6.) Q V ol o SIE, — 0.) v

Q.
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N yme = N w A \._{\_:{:Y\;i “C?__\\/\WV‘S

ﬂ*m - Qﬂrmﬁ

<l

~ \/ gw\ , \hQ’
Puorge goved = L5220 ]

p—’ \}'\N\KV‘" o (B @c'>/\/)

Nywme cos CRL3

p= M
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Example 10.3

a) A sinusoidal voltage having & maxi r
625 V is applied to the terminals of 50 Q) Jesistor. Fmd
the average power - delivered to the resistor.

b) RWby first ﬁndmg the current in the resistor.
rw

L fzed s Regon!
“SP\L—“—“" : ) \Jowe > 628 244ty
6): ﬁ'\(\wg?‘% o

(=X
Wl 4?2 o 390628 W

p R e —
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Example 10.3

Answer:
a) P=3906.25 @ P=3906.25 W
e S

26
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10.4 g)mplex Power

Previously, we found it convenient to introduce sinusoidal
voltage and current in terms of the complex number, the phasor.

be the complex sum of real power

and reactivepower

Definition

S 1is the complex power
o ,@ P 1s the average power
O 1sthe reactive power

27
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Advantages of using complex power S=P+j0O

— We can compute the average and reactive power from the
complex power §

P=RIS! 0=3S"

— complex power § provide a geometric
interpretation

where S—

s|=yP’+0> 1s called the apparent

- _power
LA

Q

(reactive power)

(average power)

28
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Advantages of using complex power S =P+jQ

52 Pyl
ERNTS )6

s|=yP?+0? 1s called the apparent

<« E NN
——— power (average power)

o 9 in(0,— 6, in(0,— 6,
() | ) )t =00

Q

(reactive power)

| —
power factor angle

The geometric relations for a right triangle mean the four power
triangle dimensions
(S|, P, Q, ) can be determined if any two of the four are known.
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Example 10.4

An electrical load operates at 240 V rms. The load absorbs an
average power of 8 kW at a lagging power factor of 0.8.
a) Calculate the complex power of the load.7_—
b) Calculate th;{n_qp@lce of the load.
a) P=8kW, — S =P/cos 36.87=10 kVA
Q=8tan(36.87)=6kVAR S=P+ jO=8+ j6kVA
P= Veﬂleff cos(6’v —Qi) = (240)18]7

=1 . =41.674
eff ———

b)
(0.8)=8000
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[P - glvik” PR=oF feap

‘#

=

/ﬂ\\ S = E\D_—a—f‘:@g CA)?:COS@

— Nfrme Lrmg G- => Lows = /

P N —_ \fvaM—:
/ 3009_ > \__Z__S;A:: M‘/'f%
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10.5 Power Calculations

W
S=P+j0O= Vzlmcos(é?v 0)+j Vil ”"Sln(@ 0.)
J(e—el.) J(G,=6;)
= Vo 2] cos(d,— 6) +j sin(@,— 6)] = Vo 2[ =V il €
j@v -j 91- _ I*
= Vg€ L€ T M ey

where I’ Is the conjugate of the current phasor [ og

1 eft
ﬁ

Circuit
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Alternate Forms for Complex Power

1 eft
ﬁ

— The complex power was defined as
Ve | Circuit S =P+j0O
— Then complex power was calculated to be

However there are several useful . 1 s
S: Veffleff OR S - VI

variations as follows: 2
P_ E—
First variation 2[{-=cme
Ieff / . . . ,
I /4 § = Veffleff: (ZIeff)Ieff =4 effI off Z|Ieff|
+ °
Veff Z - R +']X - (R +‘]X)|Ieff |2: R |Ieff |2 +‘IX |Ieff |2
1 _ 2_ w72 = 1 X7/ 2
‘ P=R |Ieff |2 = R[esz - 2R[i O=X |Ieff| X]eff 2 m
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Second variation oy '
J vy VP

* eff
S = Veffleff_ Veff[ 7 off eff — | eff

1 o 7" 7*
S Vil VP R+jx _ R+jX
+ : ] = eft! = T eff tjx _ R+J VP
V Z.=R + ;X R-jX R-jXR+jX R2yx2 cf
eff
B = Lﬂ/ ff|2_|_j X |V fl0|2
R2+X2 °© R2ix2 °©
P 0
m) P- LW Po= R o _ 1R 0o
R2+x? R2+x? " 2R*+x? "
Q:X|V P = X Vesz X g0
R2+x?% R2+X? 2R2+x2 "
_ R oo VP o=
— f ot — P= V _ Q=0
If Z=R (pure resistive) X=0 = R +X2| arl = o
X 2

If Z=X (purereactive) R=0 =) p=0 0= " VI
R™+X
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Example 10.5 Line <
~ 1Q —¥ j40 Load

In the circuit shown a load having
an impedance of 39 + j26 Q is fed from a voltage
source through a line having an impedance of 1 +
j4 Q2. The effective, or rms, value of the source
voltage is 250 V.

o O\
250 [0°

a) Calculate the load current Iy and voltag Source :T: Line ———t+=— Load
~ J— ———— —
SOLUTION
a) The line and load impedances are in series 250 L(L°
across the voltage source, so the load cur- ‘ I = 40 + 730 30 = —Jj3
rent equals the voltage divided by the total
impedance, or =5 /-36.87° A (rms)

rms because the voltage 1s given in terms of rms.

) Vi =39+ 26 =234—j13 =23436 /=3.18° V (rms)

34
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IL =4—j3 =5 /—36.87° A (rms)
VL =234 —j13 =23436 /—3.18° V (rms)

+\ 250/0°
—_/ V (rms)
. : e @Za]culate the average and @adiv{;@

Source —=t= Line ——f=—Load livered to the lo?‘d- S .

m) P=975W  (0=650 var

Another solution The load average power 1s the power absorbed by
the load resistor 39 Q

V R ]R
Recall the average Power for purely resistive Circuits P =—m2 L :Vej; ! :];

where V' and /°  Are the rms voltage across the resistor and the rms
) ~current through the resistor

P=VRJR = RJ?
eff eff ¢ff
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33/5 é: f\”/‘L -—\/Y’;L/@ g’@ﬂﬂ@( goves
( = [zzn—18)] U\—-J/%)@?)

. (23w —jn)! “\+J3>

-

6§@UAK
SW 4
b= CI/AZVW?( ) &?aoﬁ“ﬁ
&)@W S &


Mobile User




Mobile User




Mobile User




Mobile User


(0 _ \VaR
\}, = J2 ., (z3u-)))

3’25‘\*% A_:@
U, ~ FBa 1o :
o = 120 /£BI3 Al

oo - Wek 2 \ L]
T ;,_\_Lf{?)y
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*— WA +
VR
eff
250/0° _
Vioma) ' ;mdum IL =4—j3 =5 _/—3687° A (rms)
eff X 5
SOUrce — e Line e Load - Vo =234 - 13 =234.36 /—3.18° V (rms)
S=VL =(234— j13)(4+ j3) =975+ j650 VA
. . .. m) P=975 W
From Power for purely resistive Circuits 0 =650 var
1 y
P= Vuly =Vl Py ERIR | =VE]R
, olor Wy Py I IE ] RI
1ol oo R _
VR — 39 Vo = 39 234.366_13'18 _ 1956—]36.87 ‘ Veff 195
of 394726 L 39+;26 Pt

eff
m) P=/FIR  =(195)5) =975 W
eff  eff
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+ 250/0° - IL =4-j3 =5 /-36.87° A (rms)
—_/ V (rms) 1)+
7 Inductor Vo =234 - 13 =234.36 /—3.18° V (rms)

eff

. .
Source —t= Line ———=t+——Load S=VLI] =(234— j13)(d + j3) =975+ j650 VA

=) P=975 W

rom Power for purely resisti ircuit
From Power for purely resistive Circuits 0 —650 var

_IVRJR  _ R \JR _ RV _ 2y — _
PV EIR  =(RIF)IF - =RUF ) = (9)5)= (39025 =975 W

eff eff
=V I ‘Q:VL vt :j726V _ J26 234.36 —j3.18 . j53.13°
Q= el e e 39426 L =gy o 2343067 =78+ 104= 1308
1,=5 ) J
) Vi —130 mm 0 =(130)(5)=650 VAR
f] \ 4

- 0= XI2  —650 var
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@ @—““@“s)

Vo =234 - 13 =23436 /—3.18° V (rms)

S 2Pyl

P=I>R m) P=0E)1)=25W,

¢) Calculate the average and reactive power de- eff
liyered to the line. O=12x ™) 0=(5@4 =100 VAR

eff

) e _ /V//
(’y; WANTR o (o) = 28
(¥ = O -t A R

o
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Line | fgﬂ ‘2“
O,

IL =4—j3 =5_/-3687° A (rms)
@: 234 — j13 =234.36 /—3.18° V (rms)

T 22U,.38/- 389

OR using complex power

- o

i i 1+] 4 Line — _
S — VLmeI* VLlne: 250 V =250V
Line eff — eff eff (1_|_ ] 4).,.(3 O+ ] 26)( ) - eff L
e —

Vltjfi“e=20.6 39.1° V rms

—_ Liney * .
=) Stine= Ver I g 206 /°39.1° 5,36.87° 103 /75.97° =25+;100 VA

39
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Ip == 5 /—=36.87° A (rms)

VL =234 - j13 =23436 /—3.18° V (rms)

d ate the average and reactive powe
plied by theXource.

F it F it (b
s =5 g [frompart(e) Frompart(b) . oo, 100+ 650)=10004 750 VA
Absorb  Line  Load= (25+7100) + (975+;650)

) ST S abeors =—(1000+,/750) VA

Supply

N _ 250 o (1Y : =250 o5/ 3687° . _ .87° VA
- . /0 a) 00 5 £ 3687° 1250/ 36.87

=-1000— 750 VA
40
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Example 10.6 Calculating Power 1n Parallel Loads

The two loads in the circuit shown can 0050 Jj000
be described as follows: Load 1 absorbs an average R 3 e
power of 8 kW at a leading power factor of 0.8. v *250/0° = r ,
Load 2 absorbs 20 kVA at a lagging power factor £ V(rms)] ' v Lo l _
of 0.6. = =]

®

a) Determine the power factor of the two loads
in parallel.

I, = h+5 S=@50I =250 +1)* =50 +@Q50); =Si+S

—36.87°

8 kW “8000(.6

g || Su=8000—; (8() )~ 8000~ 76000 VA
10 kVA '

20 KVA

16 kVAR 952 = 20,000(.6) + j20,000(.8) = 12,000 + ;16,000 VA
53.13°

12 kW

41




0050 0500

e 3687 8000(.6
| 3 —6kVAR ;

e 35(21%) L |Le l'z 10 kKVA

P = = 8000 — 76000 VA

o .

L =L+ 20 kVA |
e l6KVAR 52 = 20,000(.6) + j20,000(.8)
53.13°
12kW = 12,000 + 16,000 VA
% kw3087 UL . 22.36 kVA
10 kVA —6kVAR ’ 53.13° ! AR - 26.565° 10 kVAR
12 kW 20 kKW

' § =20,000 + ;10,000 VA

=) . 20,000+ /10,000
R 250

=80+ j40A I, =80—j40=89.44 /-26.57° A

42




S kKW —36.87° 20kVA

A 22.36 kVA

VAR = -  |10kVAR
%—6 KVAR 53.13° 26.565
10 KVA

12 kW 20 kW

' § =20,000 + ;10,000 VA

20, 10,
= Il = 0002"';310000 =80+ j40 A I, =80— jd40=289.44 /—2657° A

pf=cos(6, — 6)) pf = cos(0 +26.57°) = 0.8944 lagging

The power factor of the two loads in parallel is

lagging because the net reactive power is pos-
itive. '

0050 0508

+ = '+T b) Determine the apparent power required to
I 4
! o supply the loads, the magnitude of the current,
¥ o Ly || X Lo l'z | Ppﬁth wgr loss in the transmis-
- V (rms) ' s, and the average powe

> _L sion line.
.7
I, =80 — j40 =89.44 /—-26.57° A




S =8000— 6000 VA

1 S =12000+,16000 VA § =20000+;10000 VA

The apparent power which must be supplied to these loads 1s

I§|=120000+ j10000| VA =22.36 kVA

The magnitude of the current that supplies this IL| =180 — j40| =89.44 A
apparent power is

The average power lost in the line results from Pline = |[,|2 R = (89.44)%(0.05) =400 W
the current flowing through the line resistance

Note that the power supplied totals 20,000 +

400 = 20,400 W, even though the loads require

a total of only 20,000 W.



0050 J050Q

._IM____NYY\-—?
+ — “+
I
250/0° | D) S
v 2
. vimsg o [B2 lL C* S lOkVAR
- — |

¢) Given that the frequency of the source is 60 Hz,
compute the value of the capacitor that would
correct the power factor to 1 if placed in paral-
lel with the two loads. Recompute the values
in (b) for the load with the corrected power
factor.

Will cancel this

As we can see from the power triangle We can
correct the power factor to 1 if we place a
capacitor in parallel with the existing load

.-, . - 2
the capacitive reactance x — [Ve]

24 1

Recall that x =—— ! @=27(60)=376.99 radls C=— = 424.4 uF
wC

wX ~ (376.99)(—6.25)



1 —— +
*250/0°
vs V(rms) Ll “l LZ llZ

22.36 kVA
+
26.565° 10 kVAR

20 kW

When the power factor is 1, the apparent

power and the average power are the same . S| =P =20kVA

The magnitude of the current that supplies this IL| = 20,000

apparent power is 2505 — Lk



0050 0500

-{-

I
250/0° —
Vi V (rms) iy |'l, Lo llz

. e

22.36 kVA 3
265650 10 kVAR

20 kW

—10 kVAR = 30 kKW

The average power lost in the line is thus re- |
duced to Pine = LR = (80)%(0.05) =320W

Now, the power supplied totals 20,000+320 =
20,320 W

The addition of the capacitor has reduced the line loss from 400 W to 320 W



Example 10.7

V, = 150/0°V

V,=(78-j104)V I ¥ (=26—j52)A
Vo= (T2+j10)V L =(-2+j6)A
Vy= (150 - j130)V I, =(-24 — j58)A

a) Calculate the total average and reactive power
delivered to each impedance in the circuit

Si=_Vili =508 jI04)(-26+j52) =160+ j3380VA =P+ jQy

—> P =1690W and Q= 3380 VAR




Another solution

2
P=%RIIR|2 _ LIVal

Lyl 27 +—52)7 ) =
SN p = () 2(1)(\/( 26 +(-52)° ) =1690 W

1 AG
Vi = v) mmp o, _LIVel _
OR '® sz( 1) R= = =1690 W

Similarly

Q =%X|IX|2 = %%—} Q =%(2)|11|2=%(2)(\/(—26)2 +(-52) )2 =3380 VAR

=3380 VAR

— J2 f 1|VX|2



10.5 Maximum Power Transfer

Zo'l-—o
5 Zm = Rm + j Xm ZL=RL+ jXL
v'n‘ ZL
N What is the value of Z; that will absorb maximum power
b

For maximum power transfer :

%k

ZL :RTH _jXTH — ZL :ZTH

Recall
Ry 2 (Using rms values)
AN ——@—
Vi "gl‘/ /):['I\’/:(—”]—) R
R + Ry '
F
b
dp _ , [(/e.-,, +R.)> — R -2(Rm + R, _ 0
d /\’[‘ L ( R']‘h -+ /\’[, )'l

> Ri. = Rm.



Similarly
Zmh = Rm + ./X'I'h

Znl—o
N 1
v“‘<—> Zu|  Zy=Ru+jXe
s 4
b
V1h
) [—
load current I is R T RO+ X £ X0)
The average power delivered to the loadis P = IR P = [V {*Re
=t B - (Rm + RL)? + (X + X1)?
apr —|V1l?2RL(XL + XTm)

aP/dXy is zero when

aXL  [(RL + Rm)? + (XL + Xn)?]2




Similarly
Zmh = Rm + jXm

Zo'l-—o

V-n,<i> ' Z Zy,=RL+ jXL
®
b

dP/3aXy iszerowhen Xp = —Xm

9P  |Vm[(RL + Rm)* + (XL + Xm)? — 2RL(RL + Rm)]
dRL [(RL + Rm)? + (XL + Xm)?]?

dP/ORy iszerowhen Ry = \/R%,n + (X + Xr[-n)l\
=0 (since X| = —X,)

RL = RTH

‘ Zy =21y, Z, =Ry — jX




Example 10.11 Finding Max Power Transfer in a circuit with an Ideal Transfo.

Finding Max Power Transfer 1n a circuit.
a) The value of R
b) What 1s the maximum average power delivered to R

60 () Ideal a
hiid ® 4:1 ¢
840/0° °
V (rms) ? /g/( Ry
§ 20 Q
@ @
b

Figure: 10-24Ex10.11
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Example 10.11 Finding Max Power Transfer in a circuit with an Ideal Transfo.

V. -210
a)The value of R, =-"= =350
I, 6

. . . 210’
b)The maximum average power deliveredto R; is P, = (Wj x35=315W

60 () =15 60 Q) -
YWV ————®a VW —®2a
-~ o 4:1 & - e 4:1
ll+ - l]+ -
SRR SREP
840/0°/ + = Ideal o v 840/0° / + N Ideal o
V (rms) \ — o V (rms) \ —
20 Q 20 Q)
®hb eb

Figure: 10-25Ex10.11 Figure: 10-26Ex10.11
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