11. AC Circuit Power Analysis

11.1 Instantaneous power

& Resistance

pt)=w(t) - i(t)
=i?(t) - R
= (t)/R

€ Inductance

p@)=v&)-%ﬂ()
. (¢t
=71 it) 7

& Capacitance

_ do(t)
=Cv(t) o
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total power delivered by the source

pt)=v(t) - i(t)
= 7(1—6 Ju(t)

power delivered to (dissipated by) the R
pp(t)=i(t)R

power absorbed by inductor L
p(t)=wv,(t) - i(t)

Vi R it
—7? L (1—eL )u(t)
. R,
where v, (t) =L dz(t)_ Vie N

Power
A

Vou(r) (D Lg v

Power supplied by source

Power absorbed by resistor

Power absorbed by inductor

[ |

I N
1 2 3 4 5 6 7 8 9 1



11.2 Average power.

over the interval [¢,, ¢,].

1 t
= p(t)dt p()
ly—t t,

P

for a periodic fn.

f@)=ft+1) |

I
average power over one period. :
|

1 t,+ T
P_T\/f p(t)dt e ot \J

€ Averdge power in the sinusoidadl steady state,

v(t) =V, cos(wt+6) and i(t) = I cos(wt+¢)

instantaneous power.
p(t)=V I cos(wt+8)cos(wt+ )

m-m

1 1
=5 V. I cos(Qut+0+¢) + 2 V. I cos(0—¢)

= [sinusoids with twice the applied freg.| + [constant term]

Hence, average power.

m-m

P:%V I cos(0— o)

Example 11.2) v(t) = 4cos(mt/6),
V=4(V) and Z=2260°

Average power and instantaneous power?
sol)
Phasor current

]:LZ/:QL—(}O" = i(t)=2cos(nt/6—60°)

Average power
1
P= - 4-2c08(0° +60°) =4cos(60° ) =2(W)

instantaneous power.

p(t) =8 cos(mt/6) cos(mt/6—60° )
=2+ 4cos(nt/3—60°)
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€ Averdge power absorbed by Resistor

same phase (in phase)
v(t) =V, cos(wt+0) and i(t) =1 cos(wt+0)

m

Average power

P= % V. I cos(0—0)
1 1V 1,
“g b TR Tah”

& Averdge power dabsorbed by Redctive elements (L and ©)

phase difference : £90°
Average power

Example 11.3) Z, =8—411(£2) by a current 7=5220" (A)
soD) Z, =8—j11(2) = R+jX (A& + g Aq&H )

= P= %[ﬁRzloo(W)

Example 11.4) Average power of each elements?
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sol)

PL:PCZO(W)
[ =5—j10=11.182 —6343" = L[ —L=—j5=5/-90"
L=5—3j5 =T7.074£—45"
1 2

PQ.Q_EJ’;TLR:25(W)
1 1

P, =5 Vd,c08(6—¢) =520 % (~11.18) X cos (6343 ) =—50(1)
1 1 )

P, =5 Vadcos(0—0) = > 201118 X cos (45 ) = 25(1W)



€® Maximum power transfer,

The average power delivered to the load is maximum

when Z,=Z7,. ( impedance matching )
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11.3 Effective values of current and voltage

i(1)

—_—

* ac 110v or 220v having a freq. of 60Hz

+
: [13 [13 [ r
= What is meant by "110" volts? % )CD
“Effective value” or “rms(root mean square) value”

=

(de Vs SL@ Eske] A4S AFol FH)

L [T W ="
[rms - 7\/‘0 v (t)dt:[eff eff

€ rms vadlue of Sinusoids

I .= %/OTZ'Q t)dt <« i(t)=1 cos(wt+¢)

m

ZIm\/1 /TCOSQ(wt+d))dt — cos?(4)=[1+cos(24)]/2
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11.4 Apparent Power and Power Factor

Impedance Z, applied by v(t) =V, cos(wt+6)
= the current i(t) =7 cos(wt+¢)
Average power

m-m

= Vg Lyeos(0—¢)

P= % V I cos(0—¢)

where apparent power is
Papparcnt = I/cfj]cjj
Power factor

_ Average Power
Apparent Power

PF = cos(0—¢)

Example 11.8) Average power, Apparent power, and Power factor?

sol) I
. —_—

total impedance 2-j10

Z=3+j4=5,/53.13"
current 60 /0° V rms (’i) 1+j5Q

V.  60£0°
=—=—"—""—=12/—53.13°

1 Z  52453.13 12 5313
Average power

P= % V. I cos(0—¢)

= VigpLyscos(0—9)
=1} R=12" x3=432(W)

Apparent power
P=V Ly =60x12= 720( W)

Power factor

PF=cos(0—¢)=cos(53.13° ) =0.6

432
=0 0.6



