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Sinusoidal voltage and current

— dv, di,

1. = . V. = O —

¢ dt g dt

v.= Acos(wt) i, = Asin(wt)

i.=—wnCAsin(wt) = Acos(wt—m/2)
=wCAcos(wt + 7/2) v, =wLAcos(wt)
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Leading and Lagging Current

dv di
= dtC LT Lod_tL

v. = cos(2mt) i, =sin(2mt)
i.=—msin(2mt) = cos(2mt—m/2)
= rtcos(2mt + 7/2) v, = mcos(2mt)
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Leading and Lagging Current

dv, —L-diL
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Phasor and Ohm's Law
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Impedance : a complex scaling factor

V.=AZL 0 I,=AZL—nl/2
I.=0wCAZL n/2 V,=wLAZO
7 = V¢ @mphasor 7 = V.  ¢mphasor
© I, ¢mphasor Y I, ¢mphasor
1 | 4
a complex scaling factor a complex scaling factor

V,=I1,-Z, =1, loLL+x/2|

Z, =jol
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Ohm's Law

V.=AZL 0 I,=AZL—nl/2
I.=wCAL n/2 V,=wLAZLO0
\% \%
Z.=—°= L L—mnl2 Z,=—=oLL+xn/2
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Phasor Example (1)

AL Acos(wt +0)

AZ+7/2 Acos(wt + mt/2)
A

AL —m/2 Acos(wt — 7t/2)

AL—m Acos(wt — )
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Phasor Example (2)

AZ0

2A /—m/?2

\j

0.2 -
0. -
Lo 3 -
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-0.2 -
B FEC S
-0s -
-0.= -

Acos(wt + 0)

2 Acos(wt — 7t/2)
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Phasor

Acos(wt + 0) AZB

Acos(wt)cos(0) — Asin(wt)sin(0)
= Acos(0)cos(wt) — Asin(0)sin(wt)
Xcos(wt) — Ysin(wt)

/

A = VX°+Y? (X,Y)=(Acos0, Asin0)

X+jY = AcosO+jAsin0

Acos(0) = X
Y

0 > 0 leading 0 <0 Jagging
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Linear Combination of cos(wt) & sin(wt)

X cos(wt)+Ysin(wt) VX2 +Y2cos(wt—0)

Xcos(wt)+Ysin(wt) Xcos(wt)+Ysin(wt)

_ \/W[ﬁcos(thJﬁ sin(oot)}

= v X?+Y?cos(wt—0)

= \/A2+B2[cos 0)cos(wt)+sin(0)sin(wt)]

cos(0) = \/ﬁ
=V X*+Y?cos(0—w 1)
= X?+Y?cos(wt—0) o VX2+Y?
X cos(wt)—Y sin(wt) VX2 +Y%cos(wt+0)
%cos(mt)—%sin(mt) Acos(wt+0)

cos(0)cos(wt)—sin(0)sin(wt)
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RC Circuit

60 T | | | T

: 5*Cos(t+0.927) —— (%035) Is(t):=5cos(wt+0.927)
“eslt) S0*cog(t) —— (%036) es(t):=50 cos(wt)
30*cos(t+0.9 L
40 - 40%Cos(t-0 ¢ - (%037) vr(t):=30 cos(w t+0.927)
(%038) vc(t):=40 cos(w t-0.644)

20
ve(t)
D .................................................
ANNN——
20 Is(t) R=6Q
- vc(t)
-40 XC = 8Q
_ED | I | | | | | | |
-z 0 Z é 3] 8 10 12 14
t
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Current Source

5:1.:.;.5{’[4_092}'5 (2035) Ts t)::S Cos(w t+a.92?)

: (
I(t) 50*cos(t) —— (%036) es(t):=50 cos(wt)
30*cos(t+0.927) — (

(

%037 ‘= .

40*cos(t-0.644) —— (%037) vr(t):=30 cos(w t+0.927)
5 : (%038) vc(t):=40 cos(wt-0.644)

4 —

3 —

2 pa—

1 —

D _.........E......................E..—;.............. .......;.......................;................

0927rad i N
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Resistor

60
: 5 ! ! ! 5*(:0'5{1:4_'3_9'2?] o (%035) Is t)::S Cns(w t—i—E'.QE?)

(

50*cos(t) (%036) es(t)::SEI cus(w f)
(
(

&
30*cos(t+0.927) t):=30 cos(w t+0.927)

- Ve - : - : : : : (%038) ve(t):=40 cos(w t-0.644)

N : C N : : Y4y
5 or L} L Iy L | N N i’ MY
I oo

20 b N ]

Vp = IR

ool [in, Vgl
-2 0 2 4 6 8 10 12 14 '

t same phase

Is(t)6Q - 30
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Capacitor

n/2=1.571
0 ? ! 5*Cos(t+0.927) (%035) Is(t):=5 cos(wt+0.927)
; : ; ; 50*cos(t) —— (%036) es(t):=50 cos(w t)
ol e 30rcos(t+0.927) i (%037) vr(t):=30 cos(w t+0.927)
40*cos(t-0.644
| ; ; (%038) vc(t):=40 cos(wt-0.644)
20 i
D dv
: C
—0:644 rad I = C-
-40
. 1.571—50.927 I= 0.644; | | | | | [lC , VC]
-60
2 0 2 4 6 8 10 12 14 |
. leads by 90
X.=8Q Is(t) > 5
Is(t)-8Q - 40
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vR(t) -+ vc(t)

60
S*cos(t+0.927) (%035) Is(t):=5 cos(wt+0.927)
: - (t) : : 50*cos(t) —— (%036) es(t):=50 cos(w t)
| AR g | 30%cos(t+0.927) .
S T, GOl oot IRt SRS S APy . (%037) vr(t):=30 cos(w t+0.927)
: ; | (%038) vc(t):=40 cos(w t-0.644)

P9 N S N R N N R S S
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Phasor Addition

A cos(wt+0,) = A, cos(wt)cos(6,) — A sin(wt)sin(6,) (%035) Is(t):=5 cos(w t+0.927)
(%036) es(t):=50 cos(w t)

A,cos(wt+0,) = A, cos(wt)cos(0,) — A,sin(wt)sin(0,) (%037) vr(t):=30 cos(w t+0.927)

(%038) vc(t):=40 cos(wt-0.644)

A, cos(wt+0,)+ A,cos(wt+6,) = Xcos(wt)— Ysin(wt) = Acos(w + 0)

X = A, cos(6,)+ A,cos(6,) A, cos(6,) =30cos(0.927) = 18.0

Y = Asin(6,)+ A,sin(6,) A, sin(6,) =30sin (0.927) = 24.0
A,cos(0,) = 40cos(—0.644) = 32.0

X =500 A,sin(0,) = 40sin(—0.644) = —24.0

Y = 0.0

A = V50.0°+0.0° = 50.0

0 = tan_lﬂ =0

50.81
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Is(t) and Es(t)

60 | ! Svcon(t+0.927) — (%035) Is(t):=5 cos(wt+0.927)
50%*Cosft) — (%036) es(t):=50 cos(w t)
sl [N [\ 30%cos(t+0.927)\——— | (%037) vr(t):=306 cos(wt+0.927)
- 40%cos(t-0.44) (%038) vc(t):=40 cos(w t-0.644)
20
0 R =6Q
-20
Z.=10Q
-40
X, =8Q
60 L1 | | | | | | | |
2 0 2 4 6 8 10 12 14 Z.=10/-0.927
t
1.Z.=(5.20.927)-(10 £-0927) = 5020 E, =17,
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Phasor

60 — ! .

40 -

T T T
5*cos(t+0.927) ——
50*cos(t) ——
30*cos(t+0.927) —

 40%cos(t-0.644) —— |

P O S B N

Impedance

10 12 14
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-20

-40

-60

15710927 = 0.644

T T
5%cos(t+0.927) ——
50*cos(t) ——
30*cos(t+0.927)

© 40%cos(t-0.644)

-2 0

2

4 6

20

60

40

-60

T T T
5*cos(t+0.927) ——
50*cos(t) ——
30*cos(t+0.927) —
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Phasor

60 T T T T T T T
: : : 5*cos(t+0.927) ——
50*cos(t) ——
10 L 30*cos(t+0.927) ——

 40%cos(t-0.644) —— |

60 : ‘ : :
: : 5*cos(t+0.927)
50*co _—
| Q P
40 Lo 30*cos(t+0.927) i

40*cos(t-0.644)

20

-20

-40
ol ol
-2 0 2 8 10 12 14 -2 0 2 a 6 8 10 12 14
t
ES
—l
ZT
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Sinusoidal Functions

severlasting sinusoid function ecausal sinusoid function
State att = 0— = state att = 0+ zero state at t = 0—
continuous state betweent=0- & O+ non-zero state at t = 0+
sin(ot) sin(w t)u(t) N

AN
Y
>

cos(wt ) cos (ot )u(t) creates

J

zero conditions non-zero conditions
attime t=0" -'attime t=0"
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Steady State Response

S @E —f
S —

Can apply impedance method Cannot apply impedance method
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