¢= B,A=magnetic flux ~ ©=> B AA

__A9 _ A
e At "

At

Lentz’s Law Direction of current opposes A which created it.

CED

V Imax Z ZR:R ZL:XL: oL ZC =X m—

max_—

ZRLC:\/R2 + (XL o Xc)2
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Recall: moving charges () in B——force Define: %

—_

moving charges (I) —— created. B SurfacgvA B
Now we consider (B)— | connection. | ¢ = B,A=magnetic flux

¢ = AB =A B cos@
\B 7 B L to surface.

Faraday’s Law

€ A EMF created by AA—f

4
At

o-1



Lentz’s Law Dlrectl n of current opposes A¢ which created it.

AB Bflnal Blnltlal
< B induced

»
»

v Vv

B later

In these examples A=constant
*  Ap=AA(B,))

H/ B . B induced
== --Mduced g >
W B later = =

Aé:Bmm_B

initial

5-2



CHANGE IN FLUX CAUSES CURRENT !!!

http://phet.colorado.edu/en/simulation/faraday

f

[ Ophons Hey
| BarMagnst | Pickup Coil \ Electromsgnet | Trarieformer | Gensrator - PPET

(EEm http://phet.colorado.edu/sims/faradays-law/faradays-law_en.html
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Falling Magnet Applet
Eddy currents http://web.mit.edu/jbelcher/wwwi/java/falling/falling.html

Magnet in Cu tube http://www.phvsics rutaers edu/~croft/maanetintube, wmv

solid disk
slowed by
eddy currents

current flow

~ Inclined plane Fetuen pathe

F=0 pecause B=0

slows motion of disk

metal disk

charges feel
force F=gsB

charges =set
in motion

v= disk velocity F=qvB
return path F=0 because B=0

still
possible !! slows motion of disk $ X X
~ magnetic field region——#
metal disk%~ [ || ([ [ | >\ Vv b |
charges feel

force F=gsB disk slices does not allow circular
current flow so no effect

disk with holes is still slowed by
eddy currents if holes allow return path

—_
ggiggwi th / 1 . \

velocity =s
metal disk//

|
ﬁhﬁh‘“‘“ﬁ~HJ_\hﬁ_ charges set
|

——in motion
v= disk velocity F=qvB

T/

«magnetic field region———H

U 3

i v
z |
|
|
v= disk velocity
|
|
|
|

magnetic field region—— 3

Magnet- on Cu Inclined plane  QERerE e meere ) 5-2bh
http://www.physics.rutgers.edu/~croft/2007magnetonplane.wmv
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V/ . ]
Lf =252 metal rod moving
on metal rails * ~*
in B field .

/E/ =y= W




Lf = AE5 Suppose
Ar=vAt—" = VL5 )= 2m B=05T,v=.1m/s&R=3Q

What is the I in the circuit ?

RIS,

Bin =/t - “' - -
— X X E ;" : 1 é/ -~ A 4
, ' xE X X X ' At
X X LX x_Jx X X "xq A(I):BAA:Bfg:BfV
At At At

— =By
At
_Ad_ \\\1 _ 2 g
V=—=(05T)(0.2m)(0.1m/s)=0.01Tm*/s=0.01V
At \
Units next page
V=IR = I=V=O.01V

R
5-3a
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recall F=qvB

units N = CmT
S

N s

units cm_ !
//
[TIm? _ N é\]m\z\ NI
S Cm's C e
A
At

5-3b



Generator: creates alternating current (AC) .

) Sideview 1o/ B
q5‘/Rotatingcoil view /\

2 7t | ¢ =B, A=BA cos¢
0=wt=271t= AC current (will discuss later)
_ A _ o, Acos(ot) I\A A\,

At At i
C=BAGsin (o) VOIR /| e
V=V,sin(wt) - : , | voltage
a):2_72' . i Vee \ Peak to peak — 2V

T it

5-4 0 9'0 180 270 3éo



Alternating Current (AC)

| =1, sin(2xft) = I, sin(wt)
V =V, sin(2rft) =V, sin(wt)

I I~ .-/"‘ T i'.

X Y

/ | I/" \ e
i\ I,
P /74 t=time

e N

Current

~”

]

-

~

H
o -

b ™

I°R
| 3
: s
0.5 (1K)
f !
: : 0
t=T/2 t=T
t=time
‘E "“"‘/’L‘; e s (/a/7[aé_52_.
-~ o
Vs = 130 Volis
V, = Vems (R)= 170 Volis
ST —

T=period (sec.)
1
= =f =freq. (cyc./ sec)

o=2xf=ang. freq. (rad/sec.)
V=IR
P=1°R=1V power
P =1,° Rsin’(mt) = 1,V, sin°(ot)

*

Average power over time:
P= oV Sin? 272ft = =
2 2
P= | cms Veus %: s =071,
% = Vg =707V,
*Ni 5-5



1 2@ Magnetic field coupling between coils

@_»_.

1 Al, creates AB, — induces I,

Principle of transformer | ~ AC current

voltage = i

A 4 ﬁ - "‘“ak g“ V=V sin ot
- § Y

# windings " N ”J'P

!

SY"\ ‘o,

Same for both 1 and 2
v=NA? _y V_ AP TV V

>» | £ =—2 | More coils more V

At N At N, N,

Energy > _ L, V, N
conservation IV IV > | —=—=-2 More coils more V but less |

5-6



Energy

conservation |

V. =LV, N,

Vo o N,
Vl Nl

1
l,

Step down transformer ex. Door bell

120V line voltage

e
F e

24V bell voltage

&B,L'fv' - "":?

'Z_Ui,,.,.n._, — fed Tomuld
N, _V, 120
N, V, 24

I1V1 = |2V2

Long distance power
transmission
high VV modest current

step down transformer to
120 V & high current

5-6a




IMJuc‘Ilauce (L) {fc'/g Sic//ceup/,'.y}
fo/en.;,j = /V (AB) — /V (A E"oﬂ:ij)

(fod o / J
i g {

L contains
4;.: N A 4, T = / M NiA T geometry (A, ¢) + py+ N
- o} .
ya AL + material
» My = | pg
[ j Material w/(H m'l] By Application
5o — T 2 Ferrite U 60 1.00E-05|8 UHF chokes
f L —L L = ﬂ, /V A j Ferrite M33 9.41E-04|750 Resonant circuit RM cores
2 Nickel (9% pure)|7 S4E-04/600
Ferrite N41 3.77E-0313000  [Power circuits
A C : ’i Iron (99.8% pure) |6.28E-03|5000 |-
Hoo L 7s used = CiYcudls Ferte T3 |1.26E-02[10000 [Broadband transformers
o ¥ u S—l- Silicon GO steel  |5.03E-02|40000  [Dvnamos, mains transformers
( & 4/ )‘ supermallov 1.26 1000000|Recording heads
IJQ_W B (& NS Approximate maximum permeabilities
— [ |
[__ .
L | L in Henrys (H)

€ across £ = - 47 = BT é’:-L%




s
U{nh") l? = L I/ L’: M,/V",q U{nh")
L in Henrys | = 4
Tim*= H A
b
”Lnl‘y‘:
= H= T =*
| A
mon[ Ln_s.'c. uu.‘!,s
Lot _ [V M:_f}_""’"‘ ................. I—I:EL";?
A ‘CM)A il £ 29 g S
£z - 8¢ _ _ L AT
P Ak e AT Check units
o V: S Vim .5 _ kem " 2 [cq wF
Y SRR Y T
- ; 7LH % A %s Ve e
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iz
T

t=0 move switch.
Lﬂ+ | R=0
At

Al R

+
At L

= (Io)(e_ﬁ)

. here 1=0

/

Collapse magnetic field in L

A
L

Boundary conditions

t—0o V=1I,R

b o o o e e e e e e e = = =

_____________________________________

¥ Recall:
AQ, 1
RC

Al

0=0 = Q=QpeFe

5-8
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Establishing magnetic field in L Boundary conditions
— t=Ocloseswiteh. | 1 ft=0 i=0;
v —L a V=IR+ L — | t=c0o 5
At | | |I=constant V=IR
L Al R _V ' Al ’
] At L L At
VIR—=1p----mmmmommees S ———
. here Y, R sl P
—(V\1_ao L sl
I _ ( R)(l c ) - °° A — |=(V;R][1_e-tﬁ-L]
/ 0.4
| at t=oo .y
Du:. 05 1 15 2 25 3 35 4
# tit t=LR
Recall: t t=t=L/R
Q=VC(l-e R°)
AQ | 1 0= Vo |
At RC™ R 1=V re 5-8a




General AC circuit

black box Note: You can use current as
(R, C, L combinations) reference for phase (book)

V=V, Sin(wt)

I1=1_. sin(ot)
1=1__ sin(ot+ ¢) "

V=V, . Sin(ot-¢)

w

@ Phase difference between I and V

*if R only then ¢=0

I : *if L or C present ¢+0
1 1
[} [} . wl,
Vmpedance
Vo= lmax Z | (Ohm’s Law generalization)
7 —— resistance Teactance
2 parts -
R Xo X, 59




& L XL

di

i |, @ cos(w t)

dl

=l sin(wt) = V=Vgsin(wtd) \/

V=L—=L1, o cos(w t)=wL |, sin(o t+x/2)

dt

V=[wl] | ;sin(w t+7/2)

[Vl
V,=(wL) I,
™~ XL
I Vo
i

5-10-ind

@ —0 X, =0 inductive load —0

@ — 0 X, — oo Inductive load — o




I - 1
VAR AL X.=— ¢=90°
4o | = Iosin(a) )= Vv= Vosin(a)ti¢)
=< : -COS(w t
1= dt Q:jl dt:J'IO sin(ew t) dt =1, (0 1)
(£,
Q 1
V== =——I,[-cos(w t)]= [—]I sin(w t-7/2)
C o C C\
1 Ve
VO — [ o~ ] | O  Note! wt usuall din radi d f
C _ (D Yy measured In radius use degrees 1or
o simplicity
1
X .= —
0C NOtE: 4,y o0 X 50
— High f looks like short circuit
VO _XC IO igh frequency looks like short circui
w—>0 X, —o0
5-11cap 0 frequency no AC current




—

i magnetic =
field lines
= - . ==
Maximum
I=0) current [=0
- - 4_
C-L circuit
e
f f
L C L C L
Maximum
speed
— H 0=0
NN ”-”Mﬁ«/‘af\f\ﬁfaf W4
| : +

Energy

K u




Analogies Between a Mass on a Spring and an LC Circuit

Mass-spring system LC circuit

position X charge q

velocity vV = AX/At current | = Ag/At

mass m inductance L

force constant K inverse 1/C
capacitance

natural o = V(k/m) natural ® = V(1/LC)

frequency frequency

5-13



RLC series circuit —=Current resonance

; g V=IR worked well so
V = VR _|_VL _|_VC Iook{?r relation Shase
E_" AC V,=1,Z  I=l,sin(et + @)

=C V=V sin(wt)

XL

IO 10 |
Z 1
X.+ R \/ R2+(oL-——)> |
Resonance where X, -X- =0
1
W, = ——

JLC

)] — ] L £ h (2 - oo (=]
T r T T T
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Impedance

oC

_]2




W<< O,

| small Z~[-%]2

phase C -like

M — Wy phase R -like
z-Jrz  (0)

i



http://www.physics.rutgers.edu/~croft/RLC-res-oscil.mp4

