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

e Angle between area vector and magnetic field vector: 6 = wt.
e Flux through coil: ®p = NBA cos(wt).

dd . .
e Induced EMF: &£ = _d—tB = Emaz sin(wt) with amplitude &,z = NBAw.

e U.S. household outlet values:

0 Emar = 120VV/2 ~ 170V
o f=60Hz, w=2rf~377rad/s.

N turns

Rotating
rings

Stationary
brushes




Voltage of ac source : £ = Enqr coswt
Current through device: I = I,,qz cos(wt — )

Resistor
Ve = RI =&pnaqrcoswt = [ =

max
cos wt

gmaa:

amplitude: I,qr = T phase angle: 6 =0

gmasc

impedance: Xpr =

= R (resistance)
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Voltage of ac source : £ = Enqr coswt
Current through device: I = I,,qz cos(wt — )

I _>+
Inductor
dI ngLCC . --:---
VL = % = 8maa: coswt = [ = L sm(wt) é) r\} ‘/ai)p L
: gmaa: T |
amp“tUde: max = ) phase angle: d = — -:
wlL S F
impedance: X, = Ermaz = wL  (inductive reactance) + —
VL
v, |
Wt
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Voltage of ac source : £ = Enqr coswt
Current through device: I = I,,qz cos(wt — )

Capacitor
Q dQ ! Q
Vo = = = Emax COSWt = [ = — = —wCEmaz sin(wt) & Vapp=
amplitude: Ingrx = wCEmaz, Pphase angle: § = —g -lo--- Q
impedance: X¢o = im“x = 1C (capacitive reactance) L —
max w

1%
: I r\ Ve
t wt
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The ac voltage source £ = £,,44 sinwt has an amplitude of £,,4, = 24V
and an angular frequency of w = 10rad/s.

In each of the three circuits, find
(a) the current amplitude 1,4z,
(b) the current I attime ¢t = 1s.

(1) (2) 3
® —— ®

) L L -

8Q 25mE 0.oH
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Consider an ac generator £(t) = Emaqr cos(wt), Emaxr = 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).

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

(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 increasing.

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

VC I
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Applied alternating voltage: £ = Eqz cOswt

Resulting alternating current: I = I,,44 cos(wt — 6)

Goals:

e Find I,,42,06 for given £, w.
e Find voltages Vg, V7, Vo across devices.

@
€
R C L o
Looprule: £ —Vrp — Vo —V, =0 N
— WA ] (D~
Note:

© © ©
e All voltages are time-dependent. Vi Ve V.

e In general, all voltages have a different phase.
e Vi has the same phase as I.




Phasor diagram (for wt = §): \V/ A
L

VL~ Ve f

Voltage amplitudes:

b VR,maa: = Imaz XR = Imaz R

Imaa:

wC

b VC,max = ImaxzXc =

Relation between &£,,4, and I,,,4, from geometry:

2 2 2
8maa: - VR,maa: + (VL,maa: - VC,ma:c)

R2—|—(L 1)2
w —_— —
wC

2
Imam




gmaa: ]- 2
Impedance: Z = = 4/R?+ (wL — —

max C
“ VLA e
Current amplitude and phase angle: ‘_ _________________
o J o 8maa: gmaw VL_VC :
7 Rt (- L) - | |
o tand = VL’mC‘L/w — VO.max — wl —Rl/wC' \7 >
R, max
’ R
LAVA

Voltages across devices:

o Vr = Rl = Rlmaz cos(wt —6) = VR maa cos(wt — 9)

dl
o V; = LE = —wLImgg sin(wt — 6) = VL mazx COS (wt — 0+ g)

T

1 Imaz
o Vo = E/Idt: C Sln(Wt_(s):VC,maxCOS (wt—é— 5)

w
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In this RLC circuit, the voltage amplitude is £,,4 = 100V.

Find the impedance Z, the current amplitude 1,4,
and the voltage amplitudes Vi, Vo, VL, Ve

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

= 100V

500Q 0.5uF 2H

A
©
VR
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In this RLC circuit, we know the voltage amplitudes Vi, Vo, V1, across each device, the current
amplitude I,,4,» = 5A, and the angular frequency w = 2rad/s.

e Find the device properties R, C, L and the voltage amplitude &,,,, Of the ac source.

S
€ max

] ®
(D~

C
||
N
O V)

50V 25V 25V

S
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Z:\/R2—|—(wL—%> Iimit R — 0
w

1
resonance at wgp = . 7= ‘wL - wC
vV LC
wlL wlL
Z Z
1/wC 1/wC
iwo R /wo w




limit L — 0O

limit C' — oo

Z:\/R2+(wL)2 Z:\/R2—|—

(wC)?
Z
wl
Z
R &
1/wC
w




Input=,

{ y
N }—{p
A ‘ H
Output C i Output o Output -
passes passes -~ passes
I I !
Input Filter Output

~
g,

Low-pass N\ 4
W > filter "\‘/,/

High-pass _ . . .
W B flicr e A ) S

Output e

passes



impedance current phase angle

A R2_|_<wL__> max — 5 —
\/ wC \/R2—|—(wL— %)2 R
I max S
——————————————— Vimax/R L
wlL i i
z i a
1/wC i
ia)o R w wo w

resonance angular frequency:

1
wo = ———

VLC




resistor inductor capacitor
Vénaa: = Imaz R V[T,naw = ImazwL Vénam = Imax/wC

VR

e relaxationtimes: 7rc = RC, 7rr =L/R

wo
V1= (woTrC)?/2

e angular frequencies: wy, = , WO = wo \/1 — (wo TRC)?/2

Voma;m
V1 — (woTrC)?/4

e voltages: V""" = Vyaz wo TrL, VI ““(wr) = VE""(we) =
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Applied alternating voltage: £ = Eqz cOswt

Resulting alternating current: I = I,,44 cos(wt — 6)

O
: €
Goals: o | C’AD |
e Find I,,4qx, 6 for given gz, w. _/\/\/\/\/L @R
e Find currents I, I,, I through devices. pad
L N
Junctionrule: I = Ig + I, + Ic —wf @
Note: C |
e All currents are time-dependent. || /\C
P ] -A)

e In general, each current has a different phase

e I hasthe same phase as €£.




Phasor diagram (for wt = §):

Current amplitudes:
° I - gmaa: - gmaa: 6 :
R,max — XR - R I I :
gmaa: gmax L - C :
1 = = |

® /I max XL wL Y _________________

E
o IC,maa: — ;—Z’x = EmazwC

Relation between &£,,4. and I,,4, from geometry:

12

max




1 Imas 1 1 2
Impedance;: — = = 4] — — —w(C
P 7" Eman \/R2 * (wL “ )

Current amplitude and phase angle:

>
£ 1 1 2 E
® Imax = m,Zaa: = gmaa:\/ﬁ + (w_L — CUC)
I — 1 — -
o tand — L,max C,max _ 1/CUL wC I L
IR,maa: 1/R I

Currents through devices:

g 8maa:

o Ip = AT cos(wt) = IR, maaz cos(wt)
1 E
o I} = 7 /Sdt = sz sin(wt) = I, maqz COS (wt — g)
d€

o [o=C i —wCEmaz sin(wt) = Ic, maqg COS (wt + g)




Find the current amplitudes I, I, I3

(a) for angular frequency w = 2rad/s, 5OV
(b) for angular frequency w = 4rad/s. max
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Given the current amplitudes I, I2, I3 through the three branches of this RLC circuit, and given
the amplitude &,,4> = 100V and angular frequency w = 500rad/s of the ac source, find the device
properties R, L, C.

c

S

= ® 1,=213.6mA
1 ® 1,=75mA




1 1 +( o 1 )2 limit R — oo
—_— = _ w I —
A R2 wlL

1 1
resonance at wg = . Z ‘wC’ Wl
'~ VIC
wC wC
1/ 1/Z
1/wl i 1/wlL
| (WO
l 1/R I
:a)o / o w




limit ' — 0

limit L — oo
L_ 1,
Z \ R " (wL)? \/ + (wC)?
1/7
wC
1/7
1R 1R
1/wlL o




impedance current phase angle

1 1 1\? _ Vimax 5 — l/wL —wC
E:\/ﬁ+(wc_w_L> Imaz = z 1/R
0
/2
wC
1/
1/wlL
I 1/R
| wo R 2

resonance angular frequency:

1
wo = ———

VLC




resistor inductor capacitor

I%CL.’L’ — Vmaw/R Igbax — Vmax/C‘)L Igbax — Vmaa’; CUC
IR [
| gmex
Vimax/R | |
a;() “ C‘;O
currents at resonance:
jmaz Vimaa jmaexr — ymax _ ymazr _ y/ 9
R - R L —1c =10 = Vmaz\[ 7




Voltage of ac source: & = Enqr coswt
Current through circuit: I = I,;,44 cos(wt — §)

Instantaneous power supplied: P(t) = £(t)I(t) = [Emaz c0s wt][Imaaz cos(wt — J)]

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

= P(t) = Emazlmax [0082 wt cos d + cos wt sin wt sin J]

)

: 1
Time averages: [cos® wt]ay = 5 [coswtsinwt] g4y = 0

: 1
Average power supplied by source: Pay = §5maxfmaa: cosd = Ermslrms cOsd

Power factor: cosd

€
=)
v

® !

R
Z,0 L/ \

Wi |_|""':'E"! FRANE
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e Primary winding: N turns

Vi(t) = Vl(rms) cos(wt), I1(t) = Iirms) cos(wt — d1)
e Secondary winding: Ns turns

Va(t) = VQ(rms) cos(wt), Ia(t) = Iérms) cos(wt — d2)

V(rms) Ny
e \oltage amplitude ratio: — —
V2(rms) No

e Power transfer: V"™ 17 cos 6, = VI 1) cos 6

qe
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Find the current amplitudes I, I, I3, 14 in the four RLC' circuits shown.

Smaleva\ w =1rad/s Smax=1VQ w =1rad/s
-/ -/
1) 1Q 2@
10 1 W
‘/\/\/\/\/\—\@M@J || %
1F
||
|l
-/ /
1H 3@ 10 )

1o —\WW—

MM — HlF @E@m 1@
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Consider an RLC series circuit with inductance L = 88mH, capacitance C' = 0.94uF, and
unknown resistance R.

The ac generator £ = Epaz sin(wt) has amplitude £,z = 24V

and frequency f = 930Hz. The phase angle is § = 75°.

(a) Find the resistance R.
(b) Find the current amplitude 1,4z -
(c) Find the maximum energy U;*** stored in the inductor.

(d) Find the maximum energy UZ*“* stored in the capacitor.

(e) Find the time t; at which the current has its maximum value I, 4.

() Find the time ¢ at which the charge on the capacitor has its maximum value Qmqz-
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Consider the two ac circuits shown.

(a) In the circuit on the left, determine the current amplitude I;
and the voltage amplitudes V; and Vx%.

(b) In the circuit on the right, determine the current amplitudes 15, I3, and 1.

w= 5Srad/s 5 € max = DOV w = 5rad6/>s € max= 50V

®' |C0IF 1, B,
R=3Q C=0.1F I~

] |
/\/\/\/\/\ | | | =oH @D 1,
® W — ) —

V

v,

=
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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 Vx.

(b) In the circuit on the right, determine the maximum value of currents I2, I3, and I4.

w= 5rad/s 5 € max = DOV w = 5rad6/>s € max= 50V
® 1 C=01F 1, &I,

L=2H C=0.1F | A
X e

© @ —\WWW——
Vl V2
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In the two ac circuits shown the ammeter and voltmeter readings are rms values.

(a) In the 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 oOf 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 1,4.

w= Srad/s 5 € rms W = 5radés Erms = 20V
.= 9A
C C’AD ' |(:| |3 — 5A CAD |4
R R
| A —

W] P

@ © — D

V,=30V V=20V
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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 1 .

w=5rad/ls € W = 5rad/45 €rms = 50V
o

V=40V V,= 25V
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