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https://www.youtube.com/watch?v=Gj9mwHvHM_4
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11-3 The Electrical-Mechanical Znaloi
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X=X cos(mt+¢) (displacement)
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e Second-order Differential ‘\E\
d°g 1

L—+—g=0, q=0cos(wt +
w2 o g = Qcos(wt + ¢)




e By Substitution
g = Qcos(wt + ¢)

i:(il_? —oQ sin(awt + @) (current)
| =—Isin(owt+¢) | =wQ

d2
dt’

— Lw’Qcos(wt + @) + é Qcos(awt+¢) =0

= —0°Q cos(wt + @)

—>w=+1/LC <



e The Stored Electric and ﬁ =
Magnetic Energy f/é\ ?

q2 Q2

U, =——=—=—cos’(awt + ¢)
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jti-,-{r} U B — L7I — % LO)ZQZ Slnz(a)t + ¢)

U, —Q—25|n (ot + @)
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11-5 Damped Oscillation ﬁ
RLC Circuit //77/ M

q=Qe ™ cos(w't+¢) @ =+’ —(R/2L)’ '




= A sinusoidally oscillating emf £and a
sinusoidally oscillating current ¢
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11-7 Forced Oscillations %

= o hatural angular frequency
m 04 driving angular frequency

m Forced (driven) oscillations always
occur at oy

m Resonance: when o = oy ,the
amplitude 7of the current is
maximum
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11-8 Three Simple CII‘CUIt

m A series RLC circuit




= A Resistive Load
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Instans
represented in (r)

Vo =&, SInaw,t =V, Sinw t

I, = VER = \%sin ot =1, sIin(w,t — @)




¢ =0 for a purely resistive load
V, =1;R

m Phasor - a vector rotating around a
origin with mg4




= A capacitive load
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Ve =V SInw,t g. =Cv. =CV,. sinw,t

_ 9% = w,CV,. Coswt

e = dt




. dgg
dt
1

w,C

=w,CV, cosw,t

(capacitive reactance)

cos w, t =sin(w,t+90%)

I = X—Csin(a)dt +90°) = 1. sin(w,t — @)
C




= An inductive load
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v, =V, sin ot

di, _ \Lsin w4t
dt L
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= [di, :\%Isina)dtdt . (Z)LL)cosa)dt'

X, =w,L (Inductive reactance)
—Cos w,t =sin(w,t—90%)
l :X—Lsin(wdt—%‘)) =1, sin(w,t — @)
L

¢ =+90°
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11-9 The Series RLC Circui’fﬁﬁg\
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TABLE 33-2 PHASE AND AMPLITUDE RELATIONS
FOR ALTERNATING CURRENTS AND VOLTAGES

CIRCUIT RESISTANCE PHASE OF PHASE AMPLITUDE
FLEMENT  SVRIBOL CREELCTANCE  THE CUREENT ANGLE ¢ FELATION

F.esistor K K In phaze with v, I
Capacitor & Xo= el Leads v, y 90 - 30
Inductor Xr=wy Lags vy v 9l + 90

A\
2p00°




= (IR)? + (IX, —IX)?

Em
\/R2 + (XL —X c)2




Z = Impedance

tan¢:V|_ — V¢ _ XL —X¢

V., R

m X, > X inductive load
m X| < X¢: capacitive load
m X = X.: resonance
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P=i’R =]l sin(wyt —¢)] ‘R -
= | ’Rsin*(a t — ¢)
Pav — |2R/2:(| /\/E)ZRE IrzmsR

sin &

RV

{ex) (f

AWANEV'V:V3




=\
The power factor cos?‘g%?;)é\ ‘

IDav = IrzmsR Irms — grms [ Z

}
Pav — (grms/Z)IrmsR — grmslrmsR/Z

RIZ=IR/1Z=V,/E =cosg¢

—P =& | _cos¢ (powerfactor)

'mS ~ rms
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11-11 Transformers ,:N
A practical example - Quebec W ?R ﬁ}

P, =¢El
= (7.35x10°V)(500A) = 368M W

P... =1°R=(500A)
% (0.22Q2/ mx1000km) =55.0MW

P., =1 ‘R = (1000A)?

x (0.22Q2/ mx1000km) = 220M W
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The transformer

E...=d0 /dt=V, /N, =

—> Vs =V (Ng /N;)
SZIP(NP/NS) (IPVPZISVS)

=V, /R=V,(N,/N,)/R
=V, (N, /N,)?/R
— R, =(N,/Ng)°R







