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Sinusoidal sources




Sinusoidal Sources

= The sinusoidal sources provide with a sinusoidal voltaje or current

Asin(wt + ¢) o Acos(wt + ¢) * v(t)

i(t)

* A:mdximum amplitude [AV]

T: period [s],
t = nT,ninteger — v(t+nT) = v(t)

* Frequency
1
f= p- [Hz]

* w:angular frequency

21
W == 2nf [rad/s]

Acos(wt + ¢p) —
Asin(wt + ¢) ------

\ 7
N/

¢: intial phase [rad] o [°]
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Sinusoidal sources

= A sinusoide can be expresed using sin or cos taking into account:

sin(¢) = —cos(@+ %) = cos(p—%)

cos(¢) =sin(¢ +3) = —sin(¢—7)

= The following relationships can be useful:

sin( A+ B) =sin(A)cos(B) £ cos(B)sin( A)

cos(A £ B) = cos(A4)cos(B) Fsin(A)sin(B)
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Sinusoidal sources

= The two following generic signals v, (t) = sin(wt) and v, (t) = sin(wt + ¢) as a

function of the argument can be observed:
= When ¢>0 > v,(t) is ahead (avanced) (see figure)
= Wheno ¢<0 > v,(t) is delayed
= |If ¢ = 0 both signals are in phase.
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 The sin and cosine signals are separtea by a
phase of ¢ = T/,.

It is posible to transform one into the
ohter by just adding the proper amount of
phase.
The sine is delayed with respect the
cosine.

cos(wt) = sin (a)t + g)

sin(wt) = cos (a)t — g)




Sinusoidal sources

CZ vy (t) = Vi cos(wt + ¢,) [V]
CIB: ig(t) = I, cos(wt + ¢;) [A]
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Sinusoidal Sources

= Example 1: find the amplitude, initial phase, period and frequency of the
following sinusoidal voltaje: v(t) = 12cos(50t + 109).

= Example 2: finde the phase difference between the following signals:

v1(t) = —10cos(wt + 502) y v,(t) = 12sin(wt — 109).
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Circuit elements in sinusoidal
steady-state

V-i and i-V relationship in passive elements




Resistors

= Tne analysis in the time domain is characterize by the voltaje drop v(t) and by the current passing

through the element. i(t).

= |n a resistor, you only have to apply Ohm’s law:

v(t) _ Vm

ifv(t) = V,, cos(wt + ¢,) — i(t) =—== ?cos(a)t + ¢p) -

R

i(t) = I, cos(wt + ¢,,)
A

v(t) i(t)
Amplitude | /4% V,/R
Frequency w w
Fhase by by

= Every property in direct current hold in sinusoidal state ( elements interconnection, power, etc.).
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Capacitor

= A capacitor is a passive element that is able to store electrical energy.
= Applications: AC/DC decouple, current fluctuations control, filters, timers, sensors, etc

= |t is build of to conductors separeted by a dielectric material.

= The symbol is two thin parallel plates

Real capacitors

Ceramico .
Electrolitico De aire De papel

Condensador Variable

o 2

B b2 D.%-
2 Sk ‘%%; ~
/ 7
// \\- %
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Capacitors

= |t takes some time to fully charge the capacitor. The easiest way is to
connect the capacitor to a battery, so that during the charging
process: |

= Thereis a current i(t) flowing from one plate to the other.
=  This current displaces charges, so that a electric field is created,
therefore a voltage appears in the plates v(t).

rising voltage
acrass C falling voltage

acress ©

= The charging process stop when the voltage in the capacitor equals the CHARGE
voltage source, so that the current is zero.
=  When the capacitor is fully charged and the battery is removed both
plates have the same charge but with different sign, and the voltage is
the same as in the source.
=  The capacitor discharges in a similar way, when it is connected to a load.
In a discharged capacitor the plates do not have charge, and the voltage
is zero.

= (Capacitance is the property that allows capacitors to keep an electric

charge, it is defined as the relationship between the charge in the +q — —q
positive plate, (g>0) and the voltage between the plates, (v>0). <
=  The units (1 Farad = 1culombio/1 volt). E—
q —
C - - + _
1% ~—
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Capacitors

= The relationship between v(t) and i(t) in a capacitor is obtained from the expression of the charge and
voltage:

q=Cv
= The rate of charge variation: dq dv . dv(t)
Z=Cc— H=C
- Ca 7 1@ dt
l(t) dv(t)
N — If v(t) = V,, cos(wt + ¢,) = i(t) =C ——~ = VmCw sin(wt + ¢,,) —
T
v(t) T = C i(t) = V,,Cw cos (a)t + ¢, + E)
A
v(t) i(t)
Amplitude Vin VnCw
Frequency w W \j T
T
Phase by ¢, + 2 —

» Ifdv/dt =0, i = 0, therefore, in direct, the equivalent circuit would be an open: a capacitor blocks the
current-
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Capacitors

= To get the voltage from the current in a capacitor we need to solve a simple differential equation:

_ dv 1. t 1t 1 (",
l(t)—CE - dv—Eldt—> todv—ELoldt% v(t)—Ejldt+v(t0)

= where v(t,) is the initial voltage t = t,

= The capacitor is an element with memory (remember from systems properties that the integrator is
a memory systems): the voltage between plates depends on past values of the current and the
initial voltage.

= Since the derivative needs the function to be continuous, so that the voltage in a capacitor cannot
have discontinuities.

>

V()4 L ()
ds
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Capacitors

* The instantaneous power in a capacitor is computed multiplying voltage and current

dv(t)

p(t) = v(D)i(t) = v()C — =

= The power in a capacitor can be positive (storing energy) or negative, delivering energy.

= The stored energy in a capacitor, can be calculated as: p = ﬂ = dw= pds
dr

t t dv |
_SW = J._I pdt w(t) —w(—») = J_rx pdi= J‘; C\-‘d—‘rdf =C _r;-’d\' = :('\“

t

—0

= Since in t=-00 the capacitor is discharged:
v(0)=0 = w(-20)=0
= Then:

(1) == Cv()
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Capacitors

KLC:
= Parallel interconnection: A ) : Ldv L dv
' i=1 +1, with 71:(15 7_2(3—r
—i>‘A N ; q
: : * _ L dv .~ W - ~
i, i z:((1+(3)d— 97:(@5 where C,, = C, +C,
®v ¢ ——¢> (v ——c, !
. PO _ . _ — jv -
B B General: Cu=C+C+4+Cy=>C,
n=1
KLV:

= Series interconnection:

1 ¢t |
v=y, _|_1'2 Wlth v, = (T.[Oldf+\'1(f0) vV, = Fﬁoldr—i_"z (TO)
1 2

i G C, :
1 ) r i
> | l —_ A 1 1 . 1 o
¢ +l - +11T- —e ":[T+-_, J.idr+r1(ro)+r3(r0)9 1':—C J;zdf+v(ro)
Vi v, . + C, C, )n g
+ 31 + e
© > ®r = 11 1
- where —=—F+t—
C c C,
'B FB eq 1 2
1 1 1 | |
General case: T:T+_—,+'“+C :Z_—,
2 N
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Inductor

= Aninductor is a passive element that is able to store magnetic energy:

= The most simple configuration is a straight solenoid with a magnetic material inside (ex.: ferrita).

= The following symbol is used to identify an inductor in a circuit:

_W_
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Inductors

= When an electric current passes through an inductor, a magnetic field is created, that induce an

electromotive force in opposition to the current change

O I 1V,
. . . / Current V, _RIL 5 R
= As a consequences of the magnetic field, the inductor gets charged. g I—E’(l ™) 1%
* The current in the circuit increases up until a maximum constant value. Tg’ i 13
= At this point the inductor is equivalent to a shortcircuit. 3 Yoltageacrossinductor -
R .., V., =Ve S
* The induced electromotive force is decreasing exponentially at the same pate | el
.. . T 2t 37 4t
as the current is increasing. time 1

Time constant T = —

= The discharging process is similar, when the inductor is disconnected from the sourfe, there will be a
current for a given time whose intensity decreases exponentially, due to the liberation of the magnetic
field previously stored. In this process, the voltage in the inductor will increase at the same rate.

= The inductance is a measure of the opposition to a change in the current passing trhough the
inductor in the presence of a magnetic field. It is defined as the relationship between the magnetic

flux and the current intensity in the inductor and the number of turns in the winding.

= Units (H). 1 Henry= 1 Weber/1 Amper.

. . ¢N . ) &
* The expressionis: L = — %
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Inductors

di
= The relationship between v(t) and i(t) is given by the expression: v=L—

dt

If v(t) = V, cos(wt + ¢,) — di = %vdt - ftto di = %ftto vdt -
v(t) T % L
i(t) = th vdt + i(ty) i(t) = L sin(wt + ¢,,) = L 0S (a)t + ¢, — —)

2
0

= The inductor is a memory element, the current that passes through it depends on the past values of the voltage
and the initial current

v(t) i(t)
Amplitude | /4% Vi /wL
Frequency w w
Phase by, b, — %

= Ifdi/dt = 0, v = 0, therefore, in direct, the circuit is equivalent to a shortcircuit.
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Inductors

. : : . di
= To obtain the voltage in terms of the current we need to use the following expression v = L d—;

= Beingithe expression computed in previous slide

- Vm . Vi T
i(t) = L sin(wt + ¢y,) = [ €08 (a)t + ¢, — E)

= Since the derivative needs a continuous functions, then the current in an inductor cannot have

discontinuities.

i(nf I ()
V=M
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Inductors

* The instantaneous power in an inductor is computed as:

~
p(t) = v(®)i(t) = Li(t)%

= The power can be positive, the inductor stores energy, or negative, the inductor delivers energy.

= The enrgy stored in an inductor can be computed as: p= % = dw= pdr
t
"dw= [’ w(t)-w(—2)= [ pdr=| Lzﬂdr—LI'idf—iLi“
—0911 - J.—lxz p df ) —0 p —00 df —00 2 —m
= Since at t=-00 the inductor is discharged: i(—0)=0 y w(—»0)=0

= Then:

1 )
w(t) = ;L[i(r)]-
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Inductors

KLC
= Interconnection in parallel i=i+i, with i :Lifr"dfﬂl(fo): ; :Ll fr"dfﬂ“iz(fo)
1 ° , o
1 .
—_3 A t . 1 t .
¢ iy ) i:{%JrLL]L vdr+i(t,) > IZL— r vdt +i(t,)
) 1 2 ) ° 0
®v 1 L “
1 1
® where —=—+—
. eq ['1 [’2
1 | 1 1 Y]
General case: —=—t—Frt—= ) —
eq Ll Ll LN n=1 l‘n
= [nterconnection in series <LV
V=21V, with \1:L1—I v, = 7ﬂ
R
di I
v=(L+L,)— > v=L_— where L,=L+L,
dr 1 ds
N
General case: Leq - Ll +L3 * +LN - ZI:LU
n=
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Inductors

= Example 3: find the stored energy in the capacitor and in the inductor in the left figure in
continuous state. (compute voltage and current by using the equivalent in direct current).

= Example 4: compute the equivalent inductance from the terminals A and B, right figure.

10 5 4H 20H
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Important characteristics of the basic elements.
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Relation Resistor (R) Capacitor (C) Inductor (L)
_ di
V-1 ! =1IR = — 1(!1—}-: ) v=L—
o dt
dv _ L[, _
i-v i =v/R i =C = Pdt+illy)
di L o
v* 1, -
por w: p=Ii"R=— w=—Cuv- w = —Li"
R 2 2
L i C,Cs
Series: Re"l = Rl + R: ('eq = m Leq = Ll T L:
R R, ' ' . L.L,
Parallel: Rg=——"—" Cuq=0C+0C Leg=—
I\’l -+ [\'; L'. + LZ
At dc: Same Open circut Short circunt

Circuit variable
that cannot

change abruptly:

Not applicable

' Passive sign convention is assumed.



Sinusoidal Response




Phasor
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Phasor

= A Phasoris a complex number that represents the amplitude and the phase of a sinusoidal signals.
= |t allows to analyze easily linear circuits with sinusoidal sources in steady-state.

The phasor is based on the Euler’s identit s ) :
P Y cosf = Re[e‘w] +sinf = Im[ ’ije]
e/’ =cos@+ jsinb

=  From the signal that is used to define the sources, we can establish:

v(t) =V, cos(ar +¢) =Re [Id <@f+¢>]
* So that, we can express briefly, the previous signals as:

wt)=Rel7,ee™]  v(t)=Re[Ve'™]

= Sothat, Vis the phasor representation of the sinusoidal signal v(t).

¢

T — 1/ )9 .
A _Ime V_Im

= A phasoris a complex representations of the magnitude and phase of a sinusoidal signal with a given a frequency
w.
=  When we express a sinusoidal signal as a phasor, the term e/®t is implicit.
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Phasor

= So, there are to equivalent forms to represent a sinusoidal signal analytically:

Time Domain Phasorial Domain

T 1/ /9
V=T e

a
v

v(t) =V cos(or+¢)

Adding temporal variation:

= IfV (o V)is known, v(t) can be obtained: V(7) = RC[Vej“”J

= Ifv(t) is known, V can be obtained: V = I ¢/?

= |tis posible to obtain a graphical representation in the phasorial domain

using the complex plane:

Im

-

2 ¢ ¥
®yi(z)
- e y2(t)

V.nSin @
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https://commons.wikimedia.org/wiki/File:Sumafasores.gif

Phasor

= Example 5. Find the Phaso Transform for each of the follwing sinusiodal signals
= p(t) = —4sin(30t + 50°)
= i(t) = 6cos(50t —40°)

= Example 6. Sketch the following phasors in the complex plane and find the time domain expression:
= V=jgei20ty
" [=-3+j4a

= Example 7. Express the sum of the following sinusoidal signals using a) trigonometric identities and
b) phasor transforms:
= y; =20cos(wt —30°)
= y, =40 cos(wt + 60°)
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Impedance and Admittance




Impedance — 11—

= The impedance ( Z ) of a circuit element is defined as the ratio of a voltage and its current pashors:

Z=15 [9]

= |n AC circuits the impedance plays an role analogous to that of the resistance in DC circuits, with

some nuances

= The impedance is a complex function of the frequency (it depends on w)

* |n general general, the impedance can be expressed as: Resonance frequency
Z =R+ jX (Rand X reals)

large

» The real part is called Resistance (R) frea.

Phase O[deg.)

= The imaginary part Reactance (X) 12)

= |f X>0 inductive reactance.

Impedance: | 2| [ohm)

| B — |

= -80

= |f X<0 capacitive reactance. .
Anti-resonance frequency

Z=R+jX |7]=+R*+X*
R =|Z|cosé
X =|Z|sin 6
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Admittance

= |n some situations, it is useful to work with the inverse of the, called admittance Y:

1
Y_E [S] I v
+ _
V

= The admittance is a complex function of the frequency

= |n general, the admittance can be expressed as:
Y =G+ jB (GyB arereals)

» The real part of the admittance is called Conductance (G)

* The imaginary part of the admittance is called Susceptance (B)
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Phasor realtionship for R,Ly C




Phasor relationship for a Resistor

= Relationship between phasor current and phasor voltage at the terminals of a resistor

Time domain

L(t _ v(t |4
Q) v(t) = Vycos(wt+¢,) e i(t) = % = %cos(wt + ¢,,)
v(t) T R Phasor domain
3 . V. |74
V = Vme]¢v e I=_me]¢v > Z:_:R
R I
Phasor Diagram Instantaneous signals
Im A 1
v
In a resistor the current
I N and the voltage are in
t phase
b
> v(t)
0 Re — i)
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Phasor relationship for an Inductor

= Relationship between phasor current and phasor voltage at the terminals of an inductor

i(t)

diT
=] — L
VS é

Phasor Diagram

Im A

Time domain

v(t) = V,cos(wt +¢,) e i(t) = %cos (a)t + ¢, — E)

Phasor domain

2

Instantaneous signals

Universidad

v

Z="=uwlez = jol

Voltage and current
are out of phase by
exactly /5 . In
particular, the
voltage leads the
current by /5.
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Phasor relationship for a Capacitor

= Relationship between phasor current and phasor voltage at the terminals of a capacitor

(t) ~ Cdv(t) Time domain n
= dt v(t) = V,cos(wt + ¢,) e i(t) =V,Cwcos (a)t + ¢, + —)
——— 2
U(t) T el ) Phasor domain
O— : i U+E Z = K = ! = !
V=1t e [=V,Coe’®2 I~ ez JjoC
Phasor Diagrama Instantaneous signals
A
Im A
" The voltage across
I \ the terminals of a
v capacitor lags behind
o the current by
' > exactly ™/,
0 Re
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Phasor Relationship for R,L and C

Resistencia Bobina Condensador
Impedances and

admittances of passive elements. Im A

Im A Im A

Element Impedance  Admittance v N ‘Y
1 ;
R Z=R Y=— \ !

1

R I V.
. , 1
L L= jwl Y = Jool ¢ & . b R
| 0 Re 0 Re 0 Re
C Z = = Y = j {r)(_'.‘
JwC

= Example 8. A current i(t) = 10 cos(10000t + 30°) mA passes through and inductor with
inductance 20 mH. Find:

= The reactance.

= Theimpedance 20 mH
o —YV¥V—9p
= \oltage phasor + v -

= The expression in time domain v(t) '
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Sinusoidal Steady-State Circuit
Analysis




Kirchhoff’s Law in Frequency Domain

= The Kirchhoff’s laws are valid in the phasor domain, just by extend its formulation

KLC KLV

Vv
Vi, Vo, Vs
— 1 T ]
V. v, | Ve
—_— -
— ] 1

Therefore, every technique and simplification from topics 4 and 5 applied directly to SSS
circuits applying phasors
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Kirchhoff’s Law in Frequency Domain

= Example 9. RL circuit analysis in phasor domain

The voltaje source has an expression V(7)) =V, cos(ar)
So that, the phasoris V=7 ¢/°

We should calculate the impedances for the elements in the circuit: Z; =R and Z, = joL

To solve the circuit, we just apply the KLV in the mesh and solve for |, which is the unknown

I,-" Ir Iv _
V.=Z1+Z7,1 =m0 I=lmh i 4 =—p
sTORTL R+ jol |Z|e* 7| e e

Where the module and the argument of Z, the equivalente impedance, are defined as:

\Z|=NR + o’ p=tan"(wL/R)

The time domain expression of the currrent is, without solving the differential equation:

; Ir ; : Iy : ] I.ym
i(t) = Re[lej(oz] _ Re|:¢ e]v”oejmr} _ Re{i e](ror+¢o):| i(t) =—cos(ort + ¢0)

Z| Z| Z]
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Combining impedances in series and parallel

= Just as any circuit element, impedances can be combined in diferente arragements:

* |mpedances in series:

I Z(.(|221+Zg+"’+z,l

—
o— oo
Zy 2y Zy Zeg=R+jX=(Ry +Ry+ -+ Ro) +§(X; + Xo + - + X,.)

* |mpedances in parallel:

N
Y, =Y, +Y, ++Y, =>Y

n=1

Zeq B Z] Z.l Z"

Zl Z: Zn Z,—.(l - Rﬁq + jx\ré‘(l

= |f we have two impedances in parallel:
(AIRO + X2 R, (Xl + X5 ) + (R1R1 — ;-YlJYg)(.Rl + Rg}

)
. VAVA (R, + R2)? + (X, + X2)?

eq Zl +Z,-] _ (X1R2+.X' 1)(R1 +R0) (R]R"]—X[XQ)(Xpl -+—X2)
(R + R2)? + (X1 + X2)?
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Current and Voltage sources transformation

= Sources transformation:

V, =71 C:E
9

= Voltage divider:

Zq Z>
_ Z; o] ]t — +
v =iZj ==V |t IaN
Zeq circuito |, [ Zil v
gy T e
= Current divider: Z, Zn_1
i,
oy R +
l] = Z = Ziqu circuito Zlﬂ] Zzﬂ] Z]ﬂ]ll] Zn—lﬂ] Znﬂ] %
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SSS circuit analysis

= Example 10. Find the input impedance in the circuit, for an angular frequency of 50 rad/s.

2 mF 02 H
o—| 4112
Z;, § 3Q |
— 8Q
—= 10 mF
O

= Example 11. Find the expression vy(t) in the following circuit.

60 Q
MM

+

20 cos (47 — 15°) Ci) 0mF = SH v,
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Node-Voltage and Mesh-Current methods

= The node-voltage and mesh-current techniques from the previous topic, can be applied

in an analogous way

= We can distinguish two cases:

= Case 1: circuit with one or more sources working at the same frequency
= The circuit is transform into the phasor domain.
= The circuit is solved applying the techniques studied in previous topics.

= The circuit is transformed back to the time domain.

= Case 2: circuit with sources working at different frequencies (principle of superposition)
= Select the sources working at one frequency, and disable the remaining.

= Solve the circuit using case 1.
= Repeat the process for the different frequencies in the circuit.
= The final solution will be the sum of all individual solutions (principle of superposition).
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Node-Voltage and Mesh-Current methods

= Example 12. Find i, using the node-voltage method.

10 Q

I H

20cos 41V (F)

VWA

‘ i

= Example 13. Find [ using mesh-current method
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4Q
WWA
I; Tl“
5/0° A - = —j2Q
j10 Q _
e ﬂ) @) 20/90° V
8Q I = -2 Q




Thevenin and Norton equivalents
in sinusoidal steady-state




Thevenin y Norton equivalents

= Thevenin y Norton equivalents are computed just using the techniques from

the privoues topics, but in the phasor domain:

s
ZTh
\TTh (i)
A
—f ® B S
circuito lineal Vi =Znly
de dos <
terminales ZN — Z‘Th
B
L Z,
e B
N\
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Thevenin y Norton equivalents
= Example 14. Find v,(t) when v, (t) = 10 cos(t — 45°) and vg,(t) = 5sen(t + 30°).

30) 1H

o w(®)| T 17 52(2)

= Example 15. Find the Thevenin equivalent with respect to terminals a and b.

a
7 7 le 8()
1 —j5V 2 Z,=j100Q
Zg= -J24Q
Z4= jZO.Q
7 7,
b
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Power in Sinusoidal Steady-State




Instantaneous Power

= The instantaneous power p(t) represents the power for any particular time t.

= We start with the SSS circuit, where voltage and current are modeled llt))
as: -.I-
fuente (t) red lineal
w(it)=V cos(wt+¢,) i(ty=1, cos(awt+¢,) sinusoidal v pasiva
o -

* The instantaneous power can be computed as

p(&) =v(®)i(t)=V,1, cos(ot +¢,)cos(at +¢,) =3V, 1, cos(p,—4)+3V, 1, cosCart +¢,+4,)

. .

v v
Cte f(®)
* The constant term depends on the phase difference
* The time variant term has frequency 2w p() A
= When p(t) >0 the circuit absorbs power /
= When p(t)<0 the source absorbs power . 191 cos(8.—0)

!

cos(A4)cos(B) = L [cos(4— B)+cos(4 + B)] 0
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Average power

= The instantaneous power p(t) changes with time, so it si not easy to assess.
= The average power P is define as the average of the instantaneous power in one period

1 T
P = ?fo p(t)dt

= Using the previous calculated value of the instantaneous power

j I cos(¢, —¢,)dt +— I 5V, cosQaot+¢,+¢)dt =3V I cos(@, —¢,)

m m

= Using current and voltage phasors

V=V e [=1,e"

m m

= \We obtain:

%VI* = %I/mejgér [me_j(b" = %I/rrxllnej(%_@ ) = % m*m [COS(¢ ¢ )+ j Sln(¢ ¢ )]

= So that, working with phasors:

P=Re[LVI'|=1V,1, cos(d,— )

m m
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Average power

= |t is worth to note two different cases

= Average power in a purely resistive circuit (the voltage and current are in phase):

P=1V.1I cos(p,—¢)=2V I =LI'R=L|IR>0

m m

= In a resistive circuit, there is always consumption of energy, so that the average power is
always positive.

= The average power in a purely reactive circuit(capacitive or inductive, the voltage
and the current have a phase shift of 1t/2):

P=3V I cos(¢,—¢)=5V I, cos(£%)=0

2 m m m m

= In a purely reactive circuit, there is no absorption of energy, the average power is always
0
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Maximum power transfer theorem

= |n steady conditions of the source, if we have a Thevenin equivalent with a variable load, the
maximum average power transfer to the load is obtained when the load impedance is equal to the

complex conjugate of the Thévenin impedance Z; = Z};

= The current in the circuit can be obtained using Ohm’s Law v
— Th
Z'I'h +ZL
= The average power can be obtained as
Z'l‘h 19 A
) V., 'R, /2
P=tIf R =—Vnl K2 +
(Rpy +R,)” + (X, + X)) Vin (iD v Zy
* The only variable element in the circuit is the load impedance o
B
=  We take derivaties (real and imaginary part) :
aP aP 2 2 *
ox, =0= X, =-Xy, EZO = RL:\/R';h+(X‘I'h+XL)~ TR-I-h — L, =Zy,
i X, ==Xy
= So that the expression of the maximum power: V.
p =l'm
max 8th

Universidad
Rey Juan Carlos




Power in SSS

= Example 16. Find the average power in the source and in the passive elements:

I 40
— AMWM———
5,/30° V (t) L 0

= Example 17. Find the load impedance ZI that maximize the average absorbed power and

compute this power.
4Q j5 €2

A A A
V'V ".,"‘\vv

10,/0° V Ci)
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