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Gauss’s Law:
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Ampere’s Law: c;fB ds = .1
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Faraday’s Law of Induction

£:cfi:.d§:—zvdq)3

dt gﬂn(t\e/ir?lggbf?er id
¥y
=—N —(BAcosb )

* 51

Ramp B Rotate area

Lenz’s Law: .

Induced EMF is in direction that Opposes the
Change in flux that caused it |

. P31-7



Self Inductance & Inductors
D o it
- S

When traveling in
direction of current:

i L dl
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E=caloey o
dr

S Notlce ThIS is Called Back EMF ’
| 7 Itis jUSt Faraday s Law! .
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Energy Stored in Inductor
i 2

Energy is stored in the magnetic field:

B?
Up, = —— :Magnetic Energy Density
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LR Circuit

Readings on Voltmeter
a —Inductor (a to b)

ih e Resistor (cto:

!
r
S T

=0 Current is trymg to Change Inductor works as
- hard as |t needs to in order to stop it b

' =°° Current is steady Inductordoes nothlng -

P31 11



General Comment: LR/RC

All Quantities Either:

Value

Value(7) = Value,, (1 & T)

“““““““

Value

Value {

T

7 Can be obtalned from dlfferentlal equatlon

| (prefactor on d/dt) e.g. ~c*— L/R or T= RC

Value(t) = Valueoe‘” T



Undriven LC Circuit

R a b Oscillations: From charge on

WV % capacitor (Spring) to current i in
L

inductor (Mass) |
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Damped LC Oscillations
R e

> O

+i
— L
— 1O

S
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Resistor dissipates t
rings down over time |/




AC Circuits: Summary

Curtent ve Resistance-
Element Vvsl, ' Reactance
Voltage
(Impedance)
Resistor K)R == [()R In Phase H=N
. 1 , 1
Capacitor | V. =—— | Leads(90°) | X.=—
e , wC
Inductor | V,, =1 wL Lags (90°) XL = a)L |




Driven RLC Series Circuit

‘ NOW S Olve : | VS : VR +VL 4 VC o




Driven RLC Series Clrcmt

L= Je= R

= ;,mpedance e




Plot 1, V’s vs. Time

N I()=1, sin (ot)

/\ /_\ Ve()=1,R sin ( wt )
N2 4

N\ VA(O=1,, sin (01+5)
S ANSVAN

/. Ve =1,X sin (a)z‘ — l) o

2

&

S

VS ( t) — VSO s1n ( wr + ¢)

riods) P = tan™ ( L R ) )

e



‘Resonance .
.

5 ,
: , X -wl -
\/R2+(XL—Xc)2 | | wC

0
=22~

0 On resonance:
C-like: lp is max; X, =X; Z=R;

| L-like: | e el
?;aods o >I Oe ¢=0; Power to R is max
Ilagsf@ = i

B j)o = 1/ VLC @ . o
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Alternating-Current Circuit

- direct current (dc) — current flows one way (battery)
e alternating current (ac) — current oscillates

* sinusoidal voltage source
V(t)=V, sin @t

‘w=2rf: angular frequency

L . voltage amplitude



AC Circuit: Single Element
| P b

dn

k.
5

=V, sin wt

; (t) ] sm(a)t
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|y

V=V, sin ot Questlons Lo
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AC Circuit: Resistors

Vi

J

!IR

MWy

R
V,=1,R

L

V =V,sin ot

e K—sina)t 1
e

—J sin (wr-0] [¢

Iz and Vi are in phase

o e,




AC Clrcmt Capamtors

l4 C ] (t)———Q— I —C()CV

CQ —a)CVOcoSa)t@:—%
VC :_5 . =Lsinlw %)

£ I leads V; by /2
| |

V VO sin Mf . L 1 [(7)

Q(t) CV CV sma)z‘ Yor / \ Vi




AC Circuit: Inductors

. V, ,,%[ t:V% e
00, B [ i

41

L 7
. d]L /L COS Wit Z
i

= i)y |9 =
dt =1, sin (wt—7)
@ IL |ags VL by TC/Z

=V, sin ot

___L_ZVL :Vo L

— p2620



AC Circuits: Summary

G Although derlved from smgle element C|rcu1ts

Current Resistance
Element o VS. Reactance
Voltage Impedance

Resistor | Yor |In Phase p_p

R
L ey o
Capacitor | pCV, . Leads v o
Inductor Yoo Lags ‘ X =
s @l o

’ ~ these relationships hold generalyl - - ool



Phasor Diagram

Nice way of tracking magnitude & phase:

V(t)=V, sin (wt)

Notes (1) As the phasor (red vector) rotates the
prOJeotron (pmk vector) osolllates .




Phasor Diagram: Resistor '
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Phasor Diagram: Capacitor




Phasor Diagram: Inductor

‘ VO :]OXL
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Question of Phase

We had fixed phase of voltage:

P = sip 0¥ I[(t)=1, sin(awt — )

|t's the same to write:

V V sm(a)t+¢) [(t) ] sin a)t "

(Just shlftmg zero of tlme)

L P26 30



Driven RLC Series Circuit
‘W Ve ..14 v, .,14 Ve ...w..w.,} I(t)=1,sin(wr)
| Vo=V, sin(wi)
¢ V.=V, sin (@ +=) ’

V.1, sin (@ |

Vo=V, sin (a)t+go)

WhatlS] (and VRO_IR VLO‘_[ XL» Vco_[X ) |
; §What 1s g0‘7 Does the current lead or 1ag o

Must Solve V V +V +V -

ﬁ P26 31““; é



Driven RLC Series Circuit

,|

Now we just need to read the phasor diagrart




Driven RLC Series Circuit




Plot I, V’'s vs. Time

! AN N s I(t)=1, sin (@t )

7\ V0 =1,Rsin (or)

v, (t)=1,X, sin (0t +%)




Resonance

5 o g e
T P oC

At very low frequencies, C dominates (X¢c>>X):
it fills up and keeps the current low

At very high frequencies, L dominates (X >>X¢):
the current tries to change but it won't let it

At intermediate frequencies we have resonance

1,

|, reaches maximum when X, = X .




a Resonance
rh i

- 1
Z Ry o © aC

I ' X
| , ¢=tan1( 2 Cj |

C-like: ,
6<0  n Llike:
[leads ~ ¢>0 .

X
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