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Resistor @y~ relationship for a resistor

> Suppose V =Vm sin wt

Je i:é:VF;“sina)t:Imsina)t

Relationship between RMS: | = =

Wave and Phasor diagrams:
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Resistor @ Time domain — frequency domain

VmeJ(WHQ) _ R|meJ(Wt+¢)
v(t) =V, cos(wWt+8) Vv (r)=Ri(r)
1(t) =1, cos(wt + @)

Ve’ =Rl el
V.. Z0=RIl /¢
V =RI

With a resistor 0 = ¢, v(t) and i(t) are in phase..

-
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Resistor ® Power
>i ¢ Transient Power
3 = ] B .,
Jr P=VI =V_sinat-1_sin at=1,V,sin" at
| V
= m2 " (1—cos2at)= IV — IV cos2at

O
+

p>0

Note: | and V are RMS values.

e Average Power

1 1 _l T =
P == [ pdt= - JVI(L-cos2at)dt = VI
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Resistor

P1.4,V = 311sin 314t R=10Q, Findi and P,

311

=220(V)

vV,
"2V

| =—="""=22(A)

V220
R 10

i=22/2sin314t P =1V =220x22=4840(W)
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Inductor oV~ relationship
di
V=Vyg=L—
dt

Suppose i=1_sinat
di , d(I,sin at)

v=L—=L
dt dt

= | ol cos wt

= ImcoLsin(cot+90°)
=V, sin (cot + 90°)

| = %J‘_t;/dt = %J‘Ooydt+%_[;vdt: I +%Ltvdt
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Inductor ® v~j relationship
di : : : .
V=L = |, oLsin (ot +90°) =V, sin (et +90°)
Vo= ol
" ————— Relationship between RMS: V = lolL
V

| = . X =aL=2AL (Q)
wl

E——— XLOCf

For DC, f=0, —X,=0.

———— v(t) leads i(t) by 909, or i(t) lags v(t) by 902
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Inductor ® v~ relationship

o 2 i(tt)=1, e/

=+

v(t) = L% =1 _jolLe' = joli(t)

i L

Represent v(t) and i(t) as phasors:V = ja)LI'
_ LN v
@ : JoL  JX|

e The derivative in the relationship between v(t) and i(t) becomes a
multiplication by jw in the relationship between V and | .

 The time-domain differential equation has become the algebraic equation in the
frequency-domain.

 Phasors allow us to express current-voltage relationships for inductors and
capacitors in a way such as we express the current-voltage relationship for a
resistor.
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Inductor e v~ jrelationship

Wave and Phasor diagrams:

V = jIX,

v
—
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Inductor ® Power

Pp=VI=V_sin (wt +90°)Imsin at=V_1_cosak-sin ek

VA _ p
= m2 Tsin 2at=VI sin 2at 1
Energy stored\W = Evidt = _[;Lidi = % Li2 s A
W =iz iSi=
2

v
Average Power p — = [ pdt = = [Visin2atdt=0 't
T Jo T Jo

v
. % AN
Reactive Power Q=1IV = 12X, = (Var) N\

L
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Inductor

/

P1.5, L=10mH, v=100sina@t, Find i, when f=50Hz and 50kHz.

X, =22 =27x50x10x10"° = 3.14(Q)

V. 100/+/2
X, 314

i, (t)= 22,572 sin (et —90° )A

=22.5(A)

X, =24L =27x50x10° x10x10~* = 3140(Q2)

| V. 100/~/2
X, 314

i, (t)=22.5v/2sin (wt —90° )mA

= 22.5(mA)
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Capacitor ® v~ jrelationship
. Y
i | = d_q — C d_
o N dt dt

Suppose: V=V _sIn at

v " i = aCV, cosat = wCV, sin(wt +90°) 21, sin(et +90°)
1t . 1o . 1 ¢t. 1 ct.
= V:Ej_ooldt:Ej_ooldt+gjoldt:VO+Ej0|dt
————— Relationship between RMS: | = ,CV = v = v
Yo Xe
=== 1 1 (Q) aC

CT W 24C
|j> XC OC% FOFDC, _f=0y —)XC—)OO

———— j(t) leads v(t) by 909, or v(t) lags i(t) by 902
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Capacitor ® v~ jrelationship
i V(t) = Vm ejat
0 >
jot _
= i) =C dv(t) _C dV_e — joCV. el
v C—— dt dt :
Represent v(t) and i(t) as phasors: | = joCV = \'/X
~ JAC

* The derivative in the relationship between v(t) and i(t) becomes a
multiplication by jw in the relationship between V and | .

 The time-domain differential equation has become the algebraic equation in the
frequency-domain.

 Phasors allow us to express current-voltage relationships for inductors and
capacitors much like we express the current-voltage relationship for a resistor.
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Capacitor ® v~ relationship

Wave and Phasor diagrams:
V =—jl X,
Vs i I.

|
/ V
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Capacitor ePower

p =Vvi=V,sin et-1,sin (et +90°) J%sin 20t =V sin 20t
Energy stored: A

W:j;vidt:jovv-c%-
1

dt = J'OV Cvdv = %Cv2

W_ = 5(:vnf =CV?

max

Average Power: P=0 Vs,

2
Reactive Power Q= v = |2X, _ V" (van) /
X

C
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Capacitor

P1.7, Suppose C=20uF, AC source v=100sinwt, Find X.and I forf=50Hz

and 50kHz,
f =50Hz > X_ = L __ 1 1500
oC  27C
vV V
|=—=——"_—1.38A
X, 2X,
1 1
f =50KHz > X_ = —= =0.159(Q)
wC 24C

V V,

I — — m
X, ~2X,

—1380(A)
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Review (v-I relationship)

Time domain

= V=R-I
— Vi vL=Lﬂ
L dt

Frequency domain

V =R.[,Vvandiarein phase.

V=jwL-[, X =aL vleadsiby90" .

. : 1
V=—-1  X.=—,vlagsiby90° .
jaC e
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Summary
® R: XR = A¢:O
L: X, =0 =27l < f A¢:¢V—¢i:%
C: 1 1 : T
) X = = — = — ). = ——
CT e oA T ==

o V=IX

e Frequency characteristics of an Ideal Inductor and Capacitor:
A capacitor is an open circuit to DC currents;
A Inducter is a short circuit to DC currents.




