Alternating Current Generator

Coil of N turns and cross-sectional area A rotating with angular frequency w
in uniform magnetic field B.

- Angle between area vector and magnetic field vector: 6 = wt.

+ Flux through coil: ®p = NBA cos(wt).
ad . .
- Induced EMF: £ = 771‘3 = Epaxsin(wt) with amplitude e = NBAw.
+ U.S. household outlet values:
¢ Ear = 120VV2 ~ 170V
+ f=60Hz, w =2nf~377rad/s.

N turns
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Single Device in AC Circuit: Resistor

Voltage of ac source : £ = &yux cos wit
Current through device: I = Ly cos(wt — 6)

Resistor I 4
VR =Rl = Eppycoswt = = % cos wt S

g (;@ Vapp < R
amplitude: Ly = ";{“X, phase angle: 6 =0 o
impedance: Xz = Emax =R (resistance) F—

Imax

/! 1
Vk V
R

ot
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Single Device in AC Circuit: Inductor

Voltage of ac source : £ = &yux cos wit
Current through device: I = Ly cos(wt — 6)

Inductor I .4
V= L? = Epaxcoswt = I = Emax sin(wt) . I
t wL e V! o L
litude: Iy — S, ph le: 6= = ’ PP 2
amplitude: Ly, = oL phase angle: § = 7 e
877/11,79( I

impedance: X; = = wL (inductive reactance)

max
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Single Device in AC Circuit: Capacitor

tsl2go

Voltage of ac source : £ = &yux cos wit
Current through device: I = Ly cos(wt — 6)

Capacitor
d
Ve = % = Epaxcoswt = [ = d—? = —wC& iy sin(wt)
amplitude: L,y = wCEppyx, phase angle: § = —g
impedance: Xc = Emax _ 1 (capacitive reactance)
Linax wC

Ve

\

2 N\

t




Single Device in AC Circuit: Application (1) e

The ac voltage source £ = &y sin wt has an amplitude of &y = 24V
and an angular frequency of w = 10rad/s.

In each of the three circuits, find

(a) the current amplitude Iy,
(b) the current]attimet =1s.

~

1 (2) 3)

~) ) (~)
Z Z N

p—

8Q 25mF 0.6H
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Single Device in AC Circuit: Application (2)

Consider an ac generator £(t) = Epax cos(wt), Emax = 25V, w = 377rad/s
connected to an inductor with inductance L = 12.7H.

(a) Find the maximum value of the current.
(b) Find the current when the emf is zero and decreasing.
(c) Find the current when the emfis —12.5V and decreasing.

(d) Find the power supplied by the generator at the instant described in (c).

tsl292




Single Device in AC Circuit: Application (3)

Consider an ac generator E(t) = Epax cos(wt), Epax = 25V, w = 377rad/s
connected to a capacitor with capacitance C = 4.15uF.

(@) Find the maximum value of the current.
(b) Find the current when the emf is zero and decreasing.
(c) Find the current when the emfis —12.5V and increasing.

(d) Find the power supplied by the generator at the instant described in (c).

VC I

X
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RLC Series Circuit (1) !mﬁm.'

Applied alternating voltage: £ = &yax cos wt

Resulting alternating current: I = Iy cos(wt — 6)

Goals:

* Find Ly, 6 for given Emax, W.

+ Find voltages Vg, Vi, V¢ across devices.

@
€
Looprule: E = Vg = Ve -V, =0 R C
1
Note:
v Q)
« All voltages are time-dependent. Vi Ve

- In general, all voltages have a different phase.

« Vg has the same phase as I.
tsl301



RLC Series Circuit (2)
Phasor diagram (for wt = ¢):

Voltage amplitudes: ‘ 1
seamp Vi—Ve |
* VR,mux = IaxXR = InaxR 3
* VL,max = Iax Xy = IjaxwL 6 : I
I = >
* VC,max = IyaxXc = wmtg V
Y \A R

Relation between &,y and I, from geometry:

2 2 2
Epax = VR,max + (VL,max - VC,mux)

R4 (wL— 1 ’
wC

= P

max
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RLC Series Circuit (3)

Impedance: Z = Emax _ R+ (wL — 1 :
' N Imax wC

Current amplitude and phase angle:

_ Emax _ Emax VL_VC

* Lpax = >
R4 (wL— &)
_ VL,max - VC,max _ wL—1/wC
s tand = =
VR,max R V
VC

Voltages across devices:

+ VR = RI = Rlygx cos(wt — ) = Vg yax cos(wt — &)
ﬂ
dt

1
“ Ve [t =

s VL =LY = Ll sin(wt — ) = Vi yax cOS (wt . E)

2
I

i 7T
:]llg sm(wt — (5) = VC,mtlx cos (wt _5— 5)
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AC Circuit Application (1)

In this RLC circuit, the voltage amplitude is &, = 100V.

Find the impedance Z, the current amplitude Iy,
and the voltage amplitudes Vg, V¢, Vi, Vic

(a) for angular frequency is w = 1000rad/s,
(b) for angular frequency is w = 500rad/s.

@
100V
A
5000 0.5uF 2H
A -
O W O,
Vr Veo ic WM
W
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AC Circuit Application (2)

In this RLC circuit, we know the voltage amplitudes Vg, V¢, Vi across each device, the current amplitude
Lnax = 5A, and the angular frequency w = 2rad/s.

- Find the device properties R, C,L and the voltage amplitude &, of the ac source.

@
€ max
R C L @
W] -
W W O

50V 25V 25V
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Impedances: RLC in Series (1)

2 ..
7= RM—(wL—L) limit R — 0
wC
resonance at L 2= ‘WL B %‘
wy = —
' VIC
wL wlL
Z Z
1/wC i 1/wC

tsla67



Impedances: RLC in Series (2)

tsl502

limit C — oo

Z = /R2 + (wL)?

wL

limit L—0

/ 1
Z: R2+W

1/wC




tsl468

Input

1

Output Ac
passes

Input

&I

DC DC AC
Output paskes Output passes Output passes
i I
Input Filter Output
Low-pass / \ 4
> fiter >/ \_//
High-pass . "
W > filter FTene




RLC Series Resonance (1)

impedance current phase angle
V
2 max
A wL —1/wC
zZ= R2+<wL—i> " 1\2 L S
wC R+ (wL— &)
; 6
2
Vinan/R
wL
z
v =
iwo R wo w -nt/2)

tsl501

resonance angular frequency:

1
wy = —
0~ Vic




RLC Series Resonance (2)

resistor inductor
Vlrémx = InaxR Vznux = LyaxwL
Ve v,
Vumax
Vinax
Vinax
wo @ wo

- relaxation times: gce = RC, 13 =L/R

wo

V1= (wotre)?/2’

« angular frequencies: w; =

- voltages: V'™ = Vyewotre,  VI™(wp) = V™ (we) =

tsl503

we = wo

capacitor

V’me = Iax/wC

Y

VX

Vinax

Wo

1 — (wo Tre)?/2

max
VO

1— (wo Tre)?/4



RLC Parallel Circuit (1)

tsl306

Applied alternating voltage: £ = &y cos wt

Resulting alternating current: I = Lyqy cos(wt — 6)

Goals:

* Find Ly, 6 for given Eppy, w.

« Find currents I, I, I through devices.

Junctionrule: I =1Ig +1I; + Ic

Note:

« All currents are time-dependent.
- In general, each current has a different phase

- Ig has the same phase as £.




RLC Parallel Circuit (2)

Phasor diagram (for wt = 6):

. >
Current amplitudes: €
. I — gmax — gmux
R,max XR R
. I — gmax — gmax
L,max XL wL
gmax

* e = Xc = EnaxwC

Relation between &,y and I, from geometry:
I%mx = Ilzi,mux + (IL,WIX - IC,mHX)z

1 1 2
ﬁ+<E7wC> :|

_ 2
- gmax
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RLC Parallel Circuit (3)

1 _ e 1 1 ?
Im nce: - = =14/= — =
pedance 7= R + <wL wC)

Current amplitude and phase angle:

1 1 2
¢ Lyax = Enax = Emax + (7 - wC)

Z R2 wL
* tand = I1max — Ic,max _ 1/wL — wC
IR,mnx 1/R

Currents through devices:

g gmax

s Izx = E- R cos(wt) = IR yax cOs(wt)
_ 1 _ Emax . _ T
I = I /Sdt = sin(wt) = If max COS (wt - 5)
d& . T
cIc=C Tl —wCE iy sin(wt) = Ic yax COS <wt+ E)

tsl308



Impedances: RLC in Parallel (1)

= i_i,_ wc_i ’ limit R — o0
wL

1 1
T‘“C*ﬁ‘

wC wC
1/Z, 1/Z

1/wL 1/wL
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Impedances: RLC in Parallel (2)

limit C—0

limit L = oo
1 n 1 1
Z /R (wL)? 7=\Vg ™ (wC)?
1/Z
wC
1/Z
1/R 1/R
1/wL

tsls05



RLC Parallel Resonance (1)

impedance current
2 Vv
1 1 1 max
R _ Lgx =
z \r ™ (“’C wL) N/
Dyax
wC
iz
A Lol ViR
iwo /R wp
L w

w

phase angle

_ 1/wL—-wC

0= 1/R
5
/2
Wo
-n/2

resonance angular frequency:

woy =

tsl506




RLC Parallel Resonance (2) m

resistor inductor capacitor
Iﬁmx = Vinax /R Izmx = Vinax/wL I(r;mx = Vinax wC
e 1 1
Iomax Iomax
max/R
; w w w
wy wo wo

currents at resonance:

Vinax [mex _ [max _ pmax _ 7 E
QR =i Tl = Vimax .

Ilfslﬂx — L

tslso7



AC Circuit Application (3)

Find the current amplitudes Iy, I, I3

(a) for angular frequency w = 2rad/s,

(b) for angular frequency w = 4rad/s.

tsl309

@gmax =50V
R=10Q WI;




AC Circuit Application (4)

Given the current amplitudes I3, I, I3 through the three branches of this RLC circuit, and given the amplitude
Emax = 100V and angular frequency w = 500rad/s of the ac source, find the device properties R, L, C.

€
)
-/
R é‘; I;=213.6mA

’/\/\/\/\/\_

=

@ 1,=75mA
i —

(AE I,=25mA

@)
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Power in AC Circuits

tsl3n

Voltage of ac source: & = &y cos wt
Current through circuit: I = Ly cos(wt — 6)

Instantaneous power supplied: P(t) = £(t)I(t) = [Emax c0s WH] [Lax cos(wt — J)]

Use cos(wt — &) = coswt cosd + sin wtsin §

= P(t) = Emarlmax [cos2 wt cos b + cos wt sin wt sin J]

. 1
Time averages: [cos® wt]ay = > [cos wtsinwt]ay =0

. 1
Average power supplied by source: Pyy = E&,mxl,,mx c0s 6 = Eppslyms cos &

Power factor: cosé




Transformer

+ Primary winding: Nj turns

Vi(t) = Vg'ms) cos(wt), L(t) = Ii'ms) cos(wt — é1)
+ Secondary winding: N turns

Va(t) = Vérms) cos(wt), L(t) = gms) cos(wt — &)

(rms)

. %
« Voltage amplitude ratio: —L = N
Vérms) N>

« Power transfer: VY”’S)IY”’S) cosdy = vg"”s)lg”“) Cos &y

tsl418




AC Circuit Application (6) M

Consider an RLC series circuit with inductance L = 88mH, capacitance C = 0.94uF, and unknown resistance R.

The ac generator € = &y sin(wt) has amplitude Eypx = 24V
and frequency f = 930Hz. The phase angle is 6 = 75°.

(a) Find the resistance R.

(b) Find the current amplitude I;y.

(c) Find the maximum energy U™ stored in the inductor.

(d) Find the maximum energy U™ stored in the capacitor.

(e) Find the time t; at which the current has its maximum value I;;.

(f) Find the time t, at which the charge on the capacitor has its maximum value Q.
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AC Circuit Application (7)

Consider the two ac circuits shown.

(@) Inthe circuit on the left, determine the current amplitude I;

and the voltage amplitudes V7 and V.

(b) In the circuit on the right, determine the current amplitudes I, I3, and I,.

o= Srad/s . € nax =50V

\Z

R=3Q C=0.1F

ts1384

I

1

0= Sracflés E€max= S50V

)
F o, O




AC Circuit Application (8) Lomid

Consider the two ac circuits shown.

(a) In the circuit on the left, determine the maximum value of current I;
and the maximum value of voltages V; and V5.

(b) In the circuit on the right, determine the maximum value of currents I, I3, and .

0=5radls _ Ep=50V 0= 5rad/s Emax= 50V

= I
1 C= 01F é)l
L=2H C=0.IF 4”_@4‘
R=3Q
\ v,

ts1385



AC Circuit Application (9) Lt

51386

In the two ac circuits shown the ammeter and voltmeter readings are rms values.

(a) Inthe circuit on the left, find the resistance R of the resistor, the capacitance C of the capacitor, the
impedance Z of the two devices combined, and the voltage &,,,s of the power source.

(b) In the circuit on the right, find the capacitance C of the capacitor, the inductance L of the inductor, the
impedance Z of the two devices combined, and the rms value of the current I,.

o= Srad/s P €rms o =Srad/s €ims =20V

M
C 13:5A4( I,

L @1,=10A

V=30V V,=20V



AC Circuit Application (10) Lt

In the two ac circuits shown the ammeter and voltmeter readings are rms values.

(a) In the circuit on the left, find the capacitance C of the capacitor, the inductance L of the inductor, the
impedance Z of the two devices combined, and the voltage &,,,s of the power source.

(b) In the circuit on the right, find the capacitance C of the capacitor, the resistance R of the resistor, the
impedance Z of the two devices combined, and the rms value of the current I,.

o= Srad/s

8 rms

V=40V V,=25V
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AC Circuit Application (5)

Find the current amplitudes I, I, I, I4 in the four RLC circuits shown.

€nax=1V _ w=Irad/s

€nax=1V _ w=Irad/s

o ~ 11:Ing
1 IH }J

Enax=1V _ w=Irad/s

1Q 12@5

Enax=1V _ w=Irad/s

1H Isé

IF

1Q

tsl312
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