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SINUSOIDAL VOLTAGE 

Differenti~ Equation 

'F di . E 
.!lJ> (fE' + R1 = 

Now •wt E = E0 eJ Actual voltage is real part of this 
Where 'wt 
-·-eJ = cos wt + j sin wt 

W= Rotational Frequency= 2~f 
f = Frequency~cycles per second 

R 

Steady State Condition 

i "" i ejwt 
0 i

0 
= Complex - not necessarily real only 

di ~ .j • jwt 
dt JWi.oe 
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Therefore 

L di + Ri = E 
dt 

L 0 
• • jwt + Ri ejwt = E ejwt JWloe o o 

jwi 1 + Ri = E 
0 () () 

i IR + jwLl = E 
0 c. :J (' 

Z "" Impedance 
Z = R + jwL 

i Z = E 
0 0 

Solving For i 0 

Eo Eo 
1o .. -z- = -R-"+'"-j-u/L-.-

COMPLEX 1\TUMBER 
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A complex number Z = X + jY consist~ of a real part x, and an .imaginary part "jYe 
The value of the number Z can be repreRented on the 11 complex plane" by a point having 
the coordinates X and Y. The length P of the radius vector from 0 to Z is called 
the 11 modulus", and the angle G made by theradius vector with the X axis is called 
the "argument 11 • 

y 

_:__).L ___ z 

REAL 

Look At 
Z =- peJe . 

= P I:Q::os e + j sin ~ 
"" Pcos G + j p sin 9 
= X + jY 

AX\S 

I 
I 
IY 
I 
I 

~ = ~~2 + y2 = 
Tan Q = .J_ 

X 

X 

\Z I 



,, 
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Multiplication of Im£~dances wit~omple~Nota~1on 

zl = xl + jYl = plejG1 

. ·g 
z

2 
= x2 + jY2 = f'2eJ 2 

Z Z - () ,LJ ej (91 + Q2). 
12-Ll(2 

lletu:rnin_g_ Tto 

EVERYTH,NG IS SP\NNIN6 

AROUND THE. cR\G\N 

VOLTA6E LE:AOS 
CURRENT 
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EL = j W L \o \/OLTASE tR.OP 

THROU6H 

\NDUCT ANCE. 

VOLTAGE.. 'CROP T\-\ROU6H RE.S\STANCE 

Since • "1'1 
eJ~ = cos -=f--.+ 5 sin f = 0 + j~= j 

SERIES CIRCUIT INCLUDING L,. R, AND C 

'""I 

L R ~ ~ c. ·. ~ 
SU~USOIDP\L VOLTAGE I 

f __________ .fidt 
E - E ejUJt 'Ec:.= __;;_ __ _ 
i : i o ejUit C 

0 .. 

Now ldt =· };_ ejiA.Itdt = ___L i ejuJt 
0 jc.IJ 0 

Differential Equation 

L di + Ri + Jl.Sii = E . •wt 
dt ···"" C •wt i eJ ·wt 

- --Ljwi eJ""'u + Ri eJ + 0 = E eJ 
0 oi j we 0 

Lj Ll)i0 + Ri0 + .~ = E0 

i 0 "(! + j(uJL - ~~ ~ = E0 --
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Impedanc~ 

Z = R + j ( WL = ~C) 

It Is Interesting To Look At Current 

. Eo Eo e-J·n 
1. :::: -- = -;.::;;::=====:;,=:~ 1:1 

o Z -/R2 + (wL- _1_)2 
· tUC 

··WL - 1 
Tan Q = uuC 

R 

Now Suppose The Resistance (R) Is Small, And The Rotational Frequency (w) Is 
Such ~ 

1 
UJL=u..c =0 or 'l.O = _1_ 

0 -JLC Resonant Frequency 

. Then / 2 1 2 I 2 2 IT 
IZI=" R + (wL- we ) · =>JR + o. =-vR· = R 

. ' 

With Small Value Of E Current Can Be Large 

W >)uJo 

Eo -wL 
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Phase Angle (G) Between Volta~e And Current 

w-. 
-r------------------------~-----------------------------------

UJo 

~Of! Circuit Or Element 
. E . 

liol= ~ R2 + (~L _, u\c-J2 

If l 
{ W L = (,.}c ) = R 

resonance 
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uJ 1 
0 =;rte 

2 1 w 0 = LC 

w= LUo2 = B: 
w .L 

\.).l- u..J2 = Rw 
o L 

(t..U- I..U )(w+ UJ) = RLw 
0 0 

When the Resonance is fairly sharp so that. the peak of the curve is approxi
mately symmetrical about the ·resonant frequency (W0 ) 

Then 
- L\w"-'2 ( w- UJ ) 

0 
/\ 

Also For Sharp Resonance 

Therefore 

( w - wo) ( 2 wo) = R~o 

.6w(w ) = Rwo 
o. L 

Q = IJ.JoL 
R 

·' 

11 Q11 is sometimes termed the "figure of merit" of a circuit, but is usually re
ferred to simply as the 11Q11 of a circuit. or element. 

~ Dissipated In This Circuit 

Power = (Ei)(Real Parts) 
E = E0 cos UJt 

i = ~~ 1 cos(uut- G) 

2' E 
1' = l~l cos(wt- G)(cosu.>t) 

E 2 
- 0 -.m 

E 2 

=fzr 

G'os u.>t cos 9 + sin uJt sin ~· Gos~ 
G"_oi wt cos. fl + sin uJt cos wt sin ~ 



Now Average Values Q! 
2 . 

cos u)t = 1/2 
sinu.Jt cos uJt = 0 

Therefore 
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E 2 . 
p = _Q_. cos f) 

2IZI 
cos 9 = Power FaciQ.!: 

-AlRo 2 
p - E rms cos g -Tzl 

Expressing This In Term2 Of The Current 

. 2 - 2 2 
E rms - I rms I Zl 

p = r2rmslzl cos 9 

p = r2rms R 

Free Oscillation Of This System 

Charge Is Initially Stored In The Condenser 

L di + Ri + Q = 0 
dt c 

. d2Q dl"l 1"\ L 
2 

+R~+.:30=0 
dt ' dt c 

Rearranging The Equation 

Let 

d2g + .B: g_g + .Q_ = 0 
dt2 L dt CL 

2b - .B: a 2 = 1_ 
- L CL 

_gg 
i - dt 

X= .. 
I '[wL--dicJ 

R 
R= \z.\·cose 

c 
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Then 
- d2_g + dt"1 2 2b ~ + a Q = 0 

dt2 dt 

In 1'1:J..i§. CaRe The-Auxiliary Equation Is 

And The ~ Are 

m = -b ±-Jb2 - a
2 

Oscillation Will ~ PlB.ce When The ~ Of The Auxilliary F.guRt.tnn lli Imaginary 

When 2 2 
b <a 

Denote
2 2 b ~ a 2 by -o< 

So Thiai 
m = -b ± jcx 

Solution Qf Equation 

Q::::: e-bt(A cosO(t-+ B sinO(t) 

Initial Conditions 
Q = Q 0 

t = 0 

When 
1 R 
LC~ 21·. 

a>>> b 

QQ. = 0 
dt 

~-~ •()( = -· = tc..>o = a 
LC 

b b a=;;=o 

-----·---~--
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Eg,uation 

Q 
_.11-t 

= Q' e 2L o (cosw t o + 0 sinu.J
0
t) 

Q = Q
0

cosuu t( _-Et o e 2L ) 


