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¥ o

Instantaneous and Average Power W

>~

* The average power, P, is the average of the instantaneous power
over one period.

| C1ogr |
P—-]—"-[O p(t)dt: EVm ]mcss(gv_gi)

E /1. Pis not time dependent.
2. When 0,=0,, it is a purely
resistive load case.
-------------------------------- 3. When 0,— 0. =+90o0, it is a
J/%":”"" et purely reactive load case.

T B 4. P=0 means that the circuit

absorbs no average power.

Instantaneous Power

p(t) :V(t)l(t) = %V COS(Hv _91) +%I/m[m COS(zat +6v +91)
k ("‘ B . /'/\”k"‘——
\Jins '13:‘/ v
b ‘e '
g Lio L = 5615\ vy
i = ~ \ Nt <
Shif s iale = 258
-t (C‘Ty”/‘fti-vo(g
e &.‘S‘/J(’ ov‘C°S)
. \—» - .
s ?““""() (S i(t)

Teps N Voms St

ol = VG s Cos(0v-€0)
A Vi T cos(20 O+ O¢)
oD s o}\;@;&\:(,me >
(1) =120V2 cos(377¢+60°) (1) =242 cos(377+30°)
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2494 .L

—
oy =60°
¢I =30°

In

Vi = 1202
I,= 242

stantaneous Power

n'n €S0t +0 +0) = Pi(t)+ p, (1)
S5 e R TR0
2880 p,(t)
L Pat)

(1) =%Vm]m COS(¢V —¢1)

1
pa(t) = EVmI m €0s(2ar + ¢, +¢;)

Resistive Circuit and Real Power

------
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Inductive Circuit and Reactive Powe,

Power
delivered 1o
element by
source

souree by

Power
returmed 1o ‘
element

— (U]

Power
delivered to
element by

source

-
~.e
~

-
-
-------
-

returned to
source by
clement

Power l v.,li“-': e f

-
-
-re
- ———t -

__/8
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. Instantaneous ang Average Power
M

Example: \

Calculate the instantanegyg Power and average power
absorbed by a passive linear network if:
v(t) = 80cos (10 1+20°)| 6%l

1 A ) '\ i"("“‘, N
i(f) = 15sin (10 7+ 60°) g 6[: pat] . v sl
\Scoe cb~ 56

QL) - _Xz-\mln cs(B. - By ) 4-,% Vi Cos(2wbas 4 O V) E )
H > L A oa |\ * o -(~234
Ael Ly Bosng cms(-gi\g*) )

\ =So

Answer: 3_8’5;7 +600c0s(20t—10°)W, 387.5W

5

VN .9‘)

( ()

"~

b 4 B0 e IS yCos(24lo 20 - 24 )

?{; wal e’

Cos L) sin . INE k=t P U R

Average Power
“

e e e ———

> The average power P is the average of the instantaneous power over
one period .

p(t)=v(t)i(t) Instantaneous Power
l 7
P= = IO p(t)dt Average Power
v(t)=V,cos(wt+6,) i(t)=1I cos(wt+ 0.)

g o 17, _ l i
P=— jo p(t)dt=— . 371, cos(6, ~0)dr + [ 4,1, cos2at +6, +6)dr
1 ¢r . |
P=1V1 cos(d, —9,.)?].0 dt+iv. I F'[O cos(2wt +6, + 0 )dt
=1y I cos(6,-6)+0 (Integral of a Sinusoidal=0)

P=31V I cos(0,-6)

2= mim

P=§Re[\’l']=%V 1, cos(6, -0)

m m
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— ——— s y ;‘* K1 ~
C i AR \V Ny 2\
< J <%
Average Power -' . 3
o r/-(p'L/LJ‘ \u!a;\u\
Example: ; LY Vs e A 'N)
5 sc¢ TS Yms
RO | % ™ ZWloe\ o5
o \ A current 1 =10 £30° flows through an impedance.
~n®\ v \ede
e JF ind the average power delivered to the impedance.
g ﬁ\ o —'QL [4
Z = 2040220‘(2 ggnné )\wus'\, 5By le< 30
v o % 5u}~-22
Ne —> &quq'L(ue ol 7 209: -2
e-w -"‘"L_L“‘V Cc)S(@ - ¢
> 4 wlodnd), <05 022 2 4y g )
Ve = ) o : ; ;
Té o3 (ZQC‘?Z) 2 2a o voll ( Rk )
DVVL\:\& w e, =
J Mj ijl—L /;)/‘*—’LCW wite Vim ey L
Vi 5 Answer: 927.2W
Rt T T
L _ﬂﬁw 1“\4 SO S 90 1P we neeal Vmmonly  we shodol Conay ) Lo o o
p.‘uo( -'_51- IQ Tt = w{i
R
d,\.M ) £~ Average Power s )
1§ it B —— —
) Example: Find the average power absorbed by remstor and inductor. Find the
4 5/(' \ average power supplied by the source Prsy " LT r2 f A
)\ a.% P consumes| b‘j 3n -_\_(‘2 53)('5) \ I ey
»V)“Jo( P he CeBiSton g ‘.Mx:&-lﬂ)}_,,
i \w‘f-)\ A + ﬁcd-»—"jq../) T N Jds2h o=
AT . Sl 8Z45° v I Jo X
N R Z A PP TP o % s B
s fes &= /\ﬂr‘(rx

B ,;a'_
(f @(MS) RJ 1-—8&—25352557“ aﬂ\“L/v"w (-
*J 5-@523 v LA JeL( b

o For the resistor, 1 =1=235322657" V. =31=759, 26.537
Paaad‘iaé ot s 2 ¥ URRSTL § 20 siu - ?Z}

@ Nl By =3 Vol =5 (253759 =9.6 W Crsey A b, 2o cigthy
N[= For the inductor, l,_-253.<‘76 57°, ,__le—ES? (26.57°+90%) = 253 111657
e
520 /) oy o :
2 p =—253 c0s(90°) = 0 W D2 /\«»»J
s . =5(253)" cos(909) = ©) fruot P

Theaveragepowgsupphedu & 155 D - _L( 7k 33 (\b

TWS&FH e e L -—(8)(253)w—96w

C) final S(a:amr(ex\oww) Swplly

';‘,)‘J'_; AN -'-‘g.?l/‘,.\r hotiw ¢ fnm Me Sourvce 2
's g: ‘a*-a*o%‘_/l:yy:p (/*-"‘S _\?:v:[ _L ‘(8(‘4%)\(2 Bs<og g?)
TA4+7S es3)gy) S=1 T 03T 0. 07 . o

——— —— S —
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Effective or RMS Value

| ¢, | _R 1
P:T--j”szz--fo

I\'lT

T

'l"hei ﬁns valiﬁrc 15 : a constant itself which
depending on the shape of the function i1).
it e

or the Root Mean Square (RMS) value of a periodic
current is the DC value that

: delivers the same average power to a resistor as the
Periodic current,
Effective or RMS Value
) The rms value of 5 sinusoid i(f) = I.cos(ax) is
A given by:

1 (7 T I
z( R =, = 2 2 =, |24 — =_m
) Mot \/;L I, cos® wtdt \j = IO > (1+cos2wt)dt = B
a) AC circuit The average power can be written in terms of the

T rms values:

i PRE)
Ve T %” E= VT €080, ~0)=V,., 1. o058, -)

b) DC circuit

» The average power for resistive loads using the (RMS) value is:

V 2
PR = IRmszR i R}"{”
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& |
§
Apparent Power and Power Factor J
" Apparent Power, S, is the product of the r.m.s. values of voltage and
current.
* Itis measured in volt-amperes or VA to distinguish it from the average
orreal power which is measured in watts. ~
mms (©,-6,)= Scos (6, -6,) \
k ¥,
/ Y
Apparent Power, § Power Factor, pf

Power factor is the cosi
and current. It is also

ne of the phase difference between the voltage
the cosine of the angle of the load impedance.

Apparent Power and Power Factor

Purely resistive ev_ ei =0, Pf=1]| P/S=1,all power are
load (R) consumed
Purely reactive ()v— Bi =19(°, P=0, no real power
load (L or C) pf=0 consumption
Resistive and OV_ ()i > () * Lagging - inductive
reactive load 0—0.<0 load
(R and L/C) L » Leading - capacitive
load

P=3V,1,c08(6,~6) =V, ], cos(6,-0)

—~r—
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Complex Power

NC
I

* The CoMm

IMPED A

P: is the average power in watts delivered to a load and it is

S :lV I"'=V_. 1 Z£6, -0
2 e
=8=V,; [ cos(0,-0)+jV_ I sin(0,-0)
\ “H— e L - S
e T T s
S= P +* 3} 0

the only useful power.
Q: s the reactive power exchange between the source and

the reactive part of the load. It is measured in VAR.
* Q=0 for resistive loads (unity pf).
* Q<0 for capacitive loads (leading pf).
* Q> 0 for inductive loads (lagging pf).

- Complex Power

I
; B o5 (B —6)+jV__1__sn 6,-6.)

Load

Apparent Power, S = S| = Vrms*Irms = m

Real power,

p— R Lo R
Q

S= p +

P=Re(S)=S cos(6, —6,)

Reactive Power, Q=Im(S)=S sin(6, — 0,)

Power factor,

pt=P/S = cos(0, - 0,)

* Real Power is the actual power dissipated by the load.

* Reactive Power is a measure of the energy exchan

reactive part of the load.

ge between source and
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> % IS represente by the PO

PEDA | WER TRIANGLE simi
PMEEDANCETRIANGLE. Power gl s et EA-LMANGLE s t
1 L < B .

=S=V_

I cos (O, =0)+jV_ . T sin ©,-9,)
\

i
i B + 0

Im A

S +Q (lagging pf)

0

6

2 R —Q (leading pf)
Power Triangle Impedance Triangle
Power Factor
Real and Reactive Powers

» The REAL Power is the only useful power delivered to the load.

»The REACTIVE Power represents the energy exchange between the source

and reactive part of the load. It is being transferred back and forth between
the load and the source

> The unit of Q is volt-ampere reactive (VAR)
S=P+ jO=Re{S}+ jIm{S}

=Real Power+Reactive Power

B -1, (R+X)=P+jQ

P=V, I cos(6,—0)=Re{S}=I", R
0=V, Ip. SIN(O, —60)=Im{S} =1, X
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—N

cop. \oad]

Complex Power Y \
——— 7 3
fanq D N2 - &
Example: Two loads are connected in parallel. Load 1 has 2 kW, pf=0.75 L // 9
< leading and Load 2 has 4 kW, pf=0.95 lagging. Calculate the pf of two loads £ < J
and the complex power supplied by the source. (M,y ¢
Forload1, — T ot ( S belut)
P, =2000, pl =0.75=c0s0, — 0, =-414I° .,
P N
P, =S, cos0, — §; & 2080, = 2666.67 :

Q| - \l \il]O, — -l7(1.85
S; =P +jQ, = 2000~ j1763.85 (leading)
For load 2.
P, =4000.  pf=095=cos0, —> 0,=18.19°
|)
S, =—2—=14210.53
cos0,
Q, =S, sin0, =1314.4 VAR

S,=P, + 1Q, = 4000 + 13144 (lagging)
The total Lompl\\ power is

S=8,+8, =6-j0.4495kVA

. P 6000 _
pi =H=—— 0.9972 (leading)

6016.18

3t

Complex Power

Example: The 60 Q resistor absorbs 240 Watt of average power. Calculate V— Corthe

Sovev,
and the complex power of each branch. What is the total complex power? =&
ST=2 S S+ 33~
e 200 o $
AAAA i Covm S= Ce
%' 300 f’OSZ §~>\Vcc>(
l (30§10 (60+j20) Q
T —10Q é 60 Q
P 240
o2y 2 _——— B =2 {rms)
P=LR — I R 60 2

V, =1,(60+ j20) =120+ j40

I =32+124 1=1,+1,=52+)24
L= 30-,10

V =201+V, = (104 + j48) + (120 + j40) J
V =224+ 88 = 240.67221.45° (rms) V =224+ 88 = 240.67£21.45° (rms)

28
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@ e"'d F.Olvf ?F
PF-’ _?:g_ = 605(9!"9(\
\s) Cos(D¢)
e &)

B Lo Ac prer sides (2d1)
2 loncts ef

I.

I -~

i T \
el? &]‘ £ )
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Complex Power

IFor the 20-0 resistor,
V=201 =204 4 148

; 114542248
1=52424=572748

‘ S=VI'=(1145424 8 (5.727£-24.8°) S=656 VA
For the (30 - j10)-0 impedance. _—
Vo = 1204 40 = 126.5.218.43

1 =32+124=4.3687

S1= Vol =(126.521843°)(4£-36.87°) S, = 5062 -18.44° 480 j160 VA
For the (60 + j20)-0 imped

ance, 1, =220°

S; =V, I = (126.5£18.43%)(2£-0°) S, =253 £18.43° = 240+ j80 VA

The overall complex power supplied by the source is
S; = VI =(240.67£21.45°)(5.727 £ - 24.8°)
S; =137832-3.357= 1376~ j80 VA

9

Complex Power

Example: A 120-V,  60-Hz source supplies two loads connected in parallel, as
shown below.

(a) Find the power factor of the parallel combination.

(b) Calculate the value of the capacitance connected in parallel that will raise the
power factor to unity.

o
Load 1
24 KW
pf=038
lagging
Solution:
O
Chapter 11, Solution 74.
- ~ - & Pl | 24 30 EVA
(a) 0, = cos(0.8) =36.87" 8, = os0 08 3 ,

Q, =S, sin0, = (30)(0.6) =18 KVAR  §, =24+ JISKVA

P 40
P el 5)=18.19° S, =——=——=42105kVA
0, = cos™(0.95)=18.1 2= 000, 095

Q, =S,sin0, = 13. 144 kKVAR S, =40+ jI3. 14 KVA
S6
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|
—
I i
1 + [‘ ]/ ‘ I,
| >3
Inductive v Inductive ' S | L -
load load ; % [
e -f

(@)

(b)

Power factor correction is necessary for economic reason.

3 F

Power Factor Correction

1 Lok
; I, 3 ‘ I, ‘ I
i Inductive V. Inductive | : (6
! Toad load 13! -
Qc= Q] i Qz
5 =P (tan 0, - tan 0,)
=oCV2
Q
AN
Q, =S5, sin 0, o ) P (tan 6, —tan 6,)
=P tan 0, oV O Vi,
Q,=Ptan0,
2 36

CamScanner = Ligd 4> guaall



https://digital-camscanner.onelink.me/P3GL/g26ffx3k

B Y

Power Factor Correction

—

» The process of incre

asing the power factor without altering the voltage o,
current to the original |

oad is called power factor correction.
F=F =P Real power stays same

P:Slcosé’l QI:S,sinH,:Ptan@; QzZPtan'gz
e =0,-0, = P(tan § —tan 0

c-_% _ P(tan g, —tan g,)

B

Power Factor Correction

Example: Find the value of the capacitance needed to correct a load of 140 kVAR at
0.85 lagging pf to unity pf. The load is supplied by a 110 Volt (rms), 60 Hz line.

pt=085=cos0 —s 0=31.79°

Q 140

Q=Ssinf — S=

= = 2():( \;.
sind_ sin31.79%)  ~0>-SkVA
P =Scos0=22593 kW
For pf =1=cos0, —> 0,=0°
Since P remains the same.
P
S. cos S =775 93
P=P =§,c0s0, —> §, ol 225.93
Q, =8, 8in0, =0
The difference between the new Q, and the old Q is Q..
140 x10*
2 - = 30.69 mF
Q.= 140 kVAR =0CV_ = Q60N 0y
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e

WO coils gre
¢ used
ceC urrent coj
. ‘ (/Fb
>< >
R
t !

B 1| ) -

Current coj) T\
——t

+ -
! +
Voltage coif 1 =

o

Equivalent Circyit with load

The basic structure

If woy=p cos(axt + 6, ) and (t)=1, cosax + 0,)
Wattmeter measures the average

i

power given by:

m|cos(ev—0i) =1V, I cos (6, —9.)

ul

S¢ d';\g &g
Power Measurement N

Example: Find the Wwattmeter reading

The wattmeter measures the average power

) -2Q
from the source —tE )
Let Zl =4_j2 l.’.(ﬁg_"\v'ms@ i—~~—-——~ 9Q = 120
o (12)(j9) x
= s Tee—————— 4,32 415.76
Z,=12||© 12: 32+ ]

Z=Z,+Z,=832+j3.76=9.13/24.32°

B V[ 2oy

% =1577.2:2432° kVA
Z° - 913Z-2437 -1
P=|$|cos = 1437.2kW
\ Y
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| Maximuy T
| _ m Average Power for Resistive Load

_ 2 : ()1~ i3)
n = o (120£60°) = 2 ) 607
, 202607 —— (120260
Z,+2, 89+ 133 S
\1‘l = 1\()(\{1_‘ ?l ()I
R, =|z,|=300
The current through the load is
v 35.98.2-31.9]
[ - Th - = (0.6764 £ - 4 .4°

L., +R, 47.181- j24.57
The maximum average power absorbed by R | is

i 2 BN O ,
P, = 3| 1| R, = 5(0.6764)*(30) = 6.863 W

» Notice the way that the maximum power is calculated using the Thevenin
Equivalent circuit.
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Vﬂ I/ C/(e -DJ ek
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‘ﬂ’—;\aod‘- 2

'c RILY = \,\“{(M{.)-?.Cos(lw[-— So )
, B - Yo -34-Se= 32 \1<931.9
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