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REVIEW FROM CHAPTER 34
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The switch has been in this position
for a long time. At 7 = 0 it is moved
to position b.
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This is the circuit with the switch
in position b. The inductor prevents
the current from stopping instantly.
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The current has decreased to
37% of its initial value at r = 7.

The current has
decreased to 13% of its
initial value at 7 = 27,
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Maximum capacitor charge is like

a fully stretched spring.

The current continues until
the initial capacitor charge

is restored.
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The capacitor discharges
until the current is a maximum.
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Now the discharge goes in
the opposite direction.
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LC CIRCUIT

Max v
<

Maximum current is like the block

having maximum speed.

The current can’t stop. It continues
until the capacitor is fully recharged
with the opposite polarization.

dt> LC
W= \/I/LC, \/g/l
Q(t) = Q, cos(wtr)

[ =wQ, sin(wt)=1_, sin(wt)




Mass on a Spring

(1) (2) What is Motion?
( Voo 2

F=—kx=ma=m d—f
dt

2
md—f+kx=0
dt

‘,,,”,”“- : Simple Harmonic Motion

i 1 x(t) = x, cos(w,t+¢)

v =0

X, Amplitude of Motion

. W, = \/E = Angular frequency
¢. Phase (time offset) m
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Simple Harmonic Motion

Period (T') = :
frequency (f)
Amplitude (X,) - 2T
N angular frequency (@)
\/ time \/

x(t) = x, cos(w,t— @)

Phase Shift (¢) = %
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Analog: LC Circuit

Mass doesn’t like to accelerate
Kinetic energy associated with motion

2
F=ma=m@=md—f; Ezlmv2
dt dt 2

Inductor doesn't like to have current change
Energy associated with current

2
e=—L% - 199 g Lpp
dt dt 2
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LC Circuit
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. Set up the circuit above with capacitor, inductor,

resistor, and battery.
Let the capacitor become fully charged.
Throw the switch fromato b

. What happens?
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LC Circuit

It undergoes simple harmonic motion, just like a
mass on a spring, with trade-off between charge on
capacitor (Spring) and current in inductor (Mass)
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Analog: LC Circuit

Spring doesn’t like to be compressed/extended
Potential energy associated with compression

F =—kx; E=%kx2

Capacitor doesn't like to be charged (+ or -)
Energy associated with stored charge

1 11,
E=—q; E=——
c? Yok

Foe xoqva>I,m—>L k—>C'|



LC Circuit

b O dl dQ
y = — =0 * J=-=-=

" C dt ’ dt
ale L
=16 0 d2 1

. 2Q +—0=0

dt- LC

Simple Harmonic Motion 1

Q@)=Q,cos(wt+¢9) w,= \/ﬁ

Q,: Amplitude of Charge Oscillation
¢. Phase (time offset)

P25- 19



Chapter 35. Electromagnetic Fields and

Waves
Topics:

e ForB?It Depends on Your Perspective
e The Field Laws Thus Far

 The Displacement Current

e Maxwell’s Equations

e Electromagnetic Waves

* Properties of Electromagnetic Waves

e Polarization



OBSERVER’s RELATIVE STATE OF MOTION

There should be a

magnetic field

Sharon:

« static charge
* E field

* No current

* No B field

Bill:

» static charge
- E field

* Current

- B field

Both agree on no net force on the particle

How to reconcile observations involving forces that depend on velocity




GALILEAN RELATIVITY

! i . . N 4
) Refterence frame S" moves with
v <" velocity Vrelative to frame S.
X
S ‘
N
S) ;
x=x+Vt
y=y

v=dx/dt=dx'/dt+V =v'+V
a=dv/dt=dv'/dt=ad
F=F'

y The velocity of this particle is
measured to be v in frame S
: and v’ 1n tframe S’.
\ﬁ ‘7 .'..
oy .

Experimenters in all inertial frames
agree about the forces acting on
bodies including charges




OBSERVER’s RELATIVE STATE OF MOTION

She is forced

Bill sets a B field in his frame and
observes the motion ( force) on the
test charge q given by

upwards
(b)

F, = gV x B = qvB up

However Sharon sees a zero
magnetic force since v=0

Physics requires that F=F’

The only option is the presence of an
electric field in Sharon’s frame

gE'+ gV x B' = gE + gV x B
Sharon(S)W =0
Bill(S)E =0

—

E' =VvxB



OBSERVER’s RELATIVE STATE OF MOTION

Add an electric field E in Bill's frame

(b)
bF,=qE+qvxB
Sharon's frame S'
F qE
Charge ves through a magnetic field B F’:F i E,:E+vXB
: ‘hl—\ l(/ I]vlnnv\.\l\:;]“wwl._, 1 da magnetic nela o




E or B? It Depends on Your Perspective

FIGURE 35.4 A charge moves through a FIGURE 35.5 In frame S’ the charge
magnetic field in frame S and experiences an electric force.

experiences a magnetic force. y _
In S’, the force on ¢ is

In S, the force on g is due to an electric field.

due to a magnetic field. *

F' = gF'
o q
X | %|%lx]|x|x _
P . = A A A A B'= 9
X X X X X X
S ‘- In S’, there’s ====+===- >
X X X an electric field X [ X [ X AX | X | X
E=VEB .o > @ 4
xX X X x| XTX | x| x
g A A A A
“harge is ¢
¥ R K X M X Thttt ‘thu’;u is at o sz T T 5 | e
PP restin S’.
n fram . ) .
eSO Lo 3 The situation in frame S’

Whether a field 1s seen as “electric” or “magnetic” depends
on the motion of the reference frame relative to the sources of

the field.



FROMSTO S

Bill creates an E and B

(a) The electric and magnetic
fields in frame S

F = g(E + V X B)

S,

F'=F,E'=

b) The electric field in frame S’,
where the charged particle is at rest

= (/l:'

-

E+VxB

E FIELD IN FRAME S’ FROM E AND B FIELDS IN FRAME S




HOW DO B FIELDS TRANSFORM

(a) In frame S, the static charge creates Bill’'s frame S at point r
an electric field but no magnetic field
y 4 E(r)=(1/4me,)q/r*)F
E 4 B(r)=0
, / iy Sharon’s frame S’: Charge moves
B=0 :
, and creates a B-field as well as an
rrE) X' E-field. . -
)
() — Charge g at rest in S E = E
(s) X Biot - Savar ¢
., —VXr - .
BI(r) = (1, /4m)g 5= ~(u£, )V x[(1/ 4, )5 7] =
— ' _ —_ — __ _ E
B - 80M0(VXE) (Mogo)vx
R ' — D 7 I . . .
B'=B-¢,u,(VxE) Biot-Savart is nothing more than the

1/ electric field of a stationary charge
¢= €,U, transformed into a moving frame



FROM S’ TO S

(a) In frame S, the static charge creates (b) In frame S’. the moving charge creates
an electric field but no magnetic field. both an electric and a magnetic field.
y y' y'
E E’
:ﬂ \}’
|
r 3 .
l, C) '\" ! II l/gx
E .‘ ;s e
@ _—Charge g atrest in S
4—<:) q
Sy - ; »

B'=—¢ u (VxE)

B'= E—eouo(VxE)

c=1/\¢e u,




E or B? It Depends on Your Perspective

The Galilean field transformation equations are
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where V' 1s the velocity of frame S’ relative to frame S and
where the fields are measured af the same point in space by
experimenters at rest in each reference frame.

NOTE: These equations are only valid if V' <<c.



How correct are the Galilean

Transformations
lbl.'.li. : —> — —> —> —> —> —> —>
‘ E'=E+ V XB or E=E—V XB'
s
v B"'=B——VXE B=B'+—V X E'
(,‘2 C2

Step 1. Find fields (E, B,) due to charge
Z g, at the position of g, in S-frame.
Y -Ficlds due 10 g Step 2: Use Galilean transformations to
find fields (E,’,B,’) in S’-frame.
Step 3 : Compute directly by Cb-law E’
<3 in S’-frame.
= 2 Step 4 : Compare the results and show
' ' that they are consistent only if (V/c)?<<1




Faraday’s Law Using Transformaions

a) Laboratory frame S

») Loop frame S’ The induced electric

field points up.

Fp = _(/[‘: L ) ' )
X [ XX | X | X |E'=vXB

It X A X A X A
-3 x| x|f]>
— _1_ (+

A - a A
e

= X

S ~ w B il The magnetic field is moving to the left.

A A A A+ A : }

The loop 1s moving to the right.

E'=e (-v)xe,(-B)=e (vB)
B'=B
- X F'=qE'=eyqu




Gaussian surface

There is a net electric flux through
this surface that encloses a charge.

Gaussian surface

There is no net magnetic flux
through this closed surface.

(Flux of E througt: a closed surface) = (Charge inside)/¢o

(Line integral of E around a loop) = - gt (Flux of B through the loop)

(Flux of B through a closed surface) = 0

f (Integralof B aroundaloop) = (Current through the loop) {4,

A

Surface S

Curve C—
Positive
direction

/
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1, -1,




