11. Exam1 Return, Intro Magnetism

Tuesday, October 1, 2019 12:25 PM

Average: 59%
It's the Course Average, updated later today, that is your best
estimate of your status. (60% Exams, 15% HW, 25% Lab)
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Capacitors in electrostatics and RC Circuits.
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If the voltage is cut in half in one 20 s interval,

it must be cut in half in any 20 s interval.
_zo/b'
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Intro to Magnetism

Tuesday, October 1, 2019 1:17 PM

Magnetic fields are a lot like electric fields.
Magnetic fields (g ) always form Ioops

e No "sources" where B points away, or "sinks" where
B points toward.

Magnetic fields are created by:
e Electric Currents

e Magnetic materials (dipoles)
 Fluctuating Electric Fields

Effects of magnetic fields:

e Forces on currents and moving charges
e Torques and forces on dipoles
e Generate electric fields and voltages

Magnetic geometries are always 3-D.

y PQSZF R@'aﬁ\/@ M @E A”’”“ﬁ
l K= Ra‘g}d’ A= Q'\SH' X = East —
/ 7T Up 7 UE kwor o é i,(\/lorﬂ‘ !
2 () 2= Ot " p & X
a @M{'} Q/\)

By itself, "Up" is ambiguous.

Ex: Magnetic field of a straight wire:

/ -~ ]j F@n\fj ;rcm Sown <& ‘[“O
/ ; \ é:? ?@JJ P@.{ﬁ“

oz F . d-rul
S N
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12. Magnetic Sources

Thursday, October 3, 2019 12:25 PM

—.
Generally, B is caused by currents.

B//of - &2\/0»4 LG‘\"/ E-s

. 3 —
Vector Cross Product: C = AXR N
e C is perpendicular to A and B D=0 ~> ®oB = O
e C has a magnitude of AB sin(theta), where
theta is the angle between A and B. B
e Pick direction of C via RHR > C = %Aumb
8 A = /N 0(1/)6 E/\%c/
@— m?d{o//f; Fﬂgvf

@ﬂr):f YN

A
= T a@)@f
Ex: Infinite, straight current R ;/:;r j _—
5s A
y T‘;": —XL Y
T e e
— o — > = R by
£ Iﬁ —
Yy~ = \/7( by
AL = dx 1 A zxtey
,xf\+7/3\ I/x"t-\/z
AN . A @[
Jj@(‘ \QX£> W 3\ ?@J/\:Q

_ ydx oAk 7
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Generally, we quote this formula as: BVW& -
Example: Magnetic field due to two currents: A A
T B:'n‘gz /ﬁ\e\ ]C _j\ +,§ Bz’ B|
* ) X y. A
ﬂn 7 B Lh SR < s,
R S h 1 3 B-B
| £ | 2

Ex: 11=12=1.5A, with 4 cm between them.

g: B, = 209 + /——"6("® = Bxi0" T

20 (00 25 (6:02)

Hint: type mu_0 as (pi * 4e-7) Mo :L’b%{?%
Magnetic Field of a circle of he origi /f/(d A
agnetlc 1eld O aCIFCGO%ﬂTent, attSe/oMr:glj?.ﬁ@ T/_\‘ J—/Q?: RJ@@
- G =R
amﬂ/

Too A =gdek o f
R

r = 0 — | T A



n

2 O/ k
=% r | RIS
E - Z;* f’ z
47 Jo R
Usually quoted as:
=9
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Ampere's Law

Thursday, October 3, 2019 1:24 PM

This is akin to Gauss's Law for electrostatics.
For any imaginary looping path:

(3.2 p T - {@d1esD=[RIL =B

When applied, we make the integral easy. B,Q = Mo IZM,
e Make sure B = constant along the path.

o Keep theta (of the dot product) constant
along the path.

Ex: Magnetic field inside and outside a thick wire: _
BL =f. T,
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Solenoid Coil

Thursday, October 3, 2019 1:35 PM

~ r\r;ﬁi Soleeid: QE\‘U[T = 80)& :/Ofenc
T . -Mor
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//r/ﬂS/J@’. R= @a 8 _ 0/_}: N
O(//LS@[@ - R=0 - 7Z /
\ B L ze~
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13. Magnetic Forces and Torques

Tuesday, October 8, 2019 12:27 PM

Magnetic fields cause magnetic forces on moving charges.
A
F.=- 6V ®F
8- 2
The cross product does a few things beyond F_B = qvB:
e The velocity must have some component perpendicular to B.

e The direction of the force is by the RHR for cross products.

o F_B is perpendicular to velocity . .
o F_B is perpendicular to B F <=ov®eR
B - O\\ —_ N
uL_A\,J: o587 T f"’o}‘fz} Fa = 245
o
/ jmte g

Note: If the charge is negative, reverse the result after doing the RHR.

Since the magnetic force is always perpendicular to velocity:
e F B cannot change the velocity magnitude, only its direction.

 F_B cannot transfer energy. S —
\/\fB‘: EFB.O% = jr‘; - It
—
Jo BLT

- O cansc. 8

When the magnetic force is the only significant force acting on a particle:
» The perpendicular magnetic force is also the centripetal force.

. E am
R X M{‘ =nNC,
»<7’E < g N
P 4\?/ - I— - \f
/ XCB 1; L 2\/8 "B N>~
X — 9
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myv.
R - 38
The radius of the path depends on the mass of the particle.
This allows building a mass spectrometer.

There are multiple methods of feeding the particles into the mass spec.

Method 1: Linear accelerator (like Lab 6) e oltagr
- Z 2 stw
Capoclor: TVC \
7° 1 A\f = ZQ_A\I

With this method, the speed also depends on mass.

’_/
R=/mL = m /’ZzAV _ [V
T 9R 2B’ - BV 2

Now it's clear that R is proportional to the square root of mass.
The only problem is this "compresses™ large masses into similar R,

It would be nice to give all particles the same velocity.

Method 2: Velocity Selector
e Start with particles of various velocities.
* Pick out the ones with the velocity you want.

Ce m;“l'of é B C P ):_6 - [—E
F ! < | E ZE UE B
4 X/‘L_% - PN %\/ B - ig
Ao v 17 -l—j FE
I @ X gk“"—/-, \V B E

T : -y

w \ Heated
| Crne ible  When v=E/B, the particles feel zero net force.
™ e Too fast: particles bend left.
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e Too slow: particles bend right.

When a velocity selector is fed into a mass
spectrometer, we get the simple: oV o m
R=7T5 R

13. Magnetic Forces and Torques Page 12



Magnetic force on current

Tuesday, October 8, 2019 1:08 PM
f ’

<)

d o/ freo%on @Q Wi
Direct application: Force exerted by wires on each other.

&“J_A'Lzzoé‘éd’ T

SONre = \ Fgg—/ / .
. ’% <Ol g //L 7 Recd
y VR S Ve 2w d{ X, E Lk 2.7~

- LAR 5
= /ﬁo ;217;&%/
==r

Unlike with electrostatics, here "opposites repel.

-7

e =471° F. - 2 x5 K
~

A ;I&

This served as the original definition of the ampere.
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Magnetic torques
eeeeeeeeeeeeeeee 015 rapu (ngme . M@
FBT [‘ 0‘/ :\ B B
L | \,J?\l T 7{7_'
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14. Electromagnetic Induction cAa/o%g/ 20

Thursday, October 10, 2019 12:22 PM

Laws & Causes - posted by Vsauce

Faraday's Law describes induced EMF, but doesn't explain it.
There are two separate causes that are both summarized by the law.
e Motional EMF
 Fluctuating magnetic fields

Motional EMF, by example: Drop a rectangular loop into a B field.

— AA—

’,f f \Lv '[’L A + charges in the wire are
=_ Q. . falling downward, and feel a
x - x < |t )g@ magnetic force.

- N
TR . - %c-'@@ R tegr®
« X v N )_— %E = czE( L)

N £ .. 8E=¢vB
\EHJ Z A Eagulibeim®
X A
56;: v B
g= RvAN

What does this voltage do? Drives current around the loop.

£=TR
Now we have a current flowing across a magnetic field.

KFB‘T;L—_E « B )i_:: ff@?
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https://www.youtube.com/watch?v=_WHRWLnVm_M&list=PLdE2Y_pNj7aJNv7Ys75KmiRpv2zhGaRfJ&index=2&t=308s

BT R TR
X e

This upward force tends to oppose the velocity of the loop.
If we let go of the loop, the velocity will increase until the forces on
the loop balance. The loop can then fall at constant velocity.

Eﬁg TALR= mg

Py

A 25-gram loop that is 50 cm wide and 70 cm tall fallsintoa 0.4 T
magnetic field, and it falls at 15 m/s. What is the resistance?

&= Ry ax = (04 D(57)(0.5 )
Z— 30 v
mg < (0025 ’*55(78 NA <~ 0.235 N
Fo =27 2% R
(@.2050) =L (0.sm) (2.4

j.225 A =T ¢=TR

How is this related to Faraday's Law?

‘ ‘ff" £=RuvAaX y<2L

‘ Vg AL

ﬁy{* Lo B ¢ = &A\/bK = R4
A ¥ X At AL
Faraday's Law 06 f
— R B =
E="Tr  E=)|EH
= NRA <05

M
n | =A< / ﬂ & (/{\C‘}“’O
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2 =~ &= NBAw s5in®

omega is angular velocity

TUU 7 £ .= NRB w

Motors and generators are basically the same thing.

| P/b% /Qé_@jf—c—
We apply voIToels We apply Torque
Nl e >
C -W/\lji\ ’”@ﬁ 7LI ":Z e T = NRAL sirS which i«nSg)L;?@ I

caauid T Coil 5

\,\/LTC/L f/amg +Hhe C‘Or,/ V\/AM}\ Jr/\/@g (,'Utrr@/rl’_
Coill  makes Rack EMY Corrent mabes alfag %O/‘zwé/
ﬂ*i Cﬂr\Cé/IS Somkl, 5%2 DU \fﬂH/ngQ/) \o\/l\lol\ mal&@ HD

and reduces the carre I - AWJ@, Fo S/JTA fhe
P =P coil,
Ih — ow
v T = T L) P;,, - Fawl—‘
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We can have EMF without motion of the coil.

Thursday, October 10, 2019 1:22 PM

= B= NI
32 V(k‘;% \% }?—)B X
:' ’ Jf& = NRA cosE
-\.
U - N4
7 = fNA

M= 7 AE
Without motional EMF, what makes the EMF?

The fluctuating magnetic field generates electric field.
There's an analogue to Ampere's Law for electric fields.

By - 5
[

| ' / @ \
, /
{ ) )

N /

139 ;ﬂo Loc R~

Any time there is a fluctuating B, there are
electric field lines looping around it.
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15. Inductance

Tuesday, October 15, 2019 12:24 PM

Self-Inductance (L) is the proportionality between a coil's
own magnetic flux (® B) and its current ().

Ex: Solenoid coil

t
B:/_-—“XNI fé; = NBA 675@
fB - ;N_Z‘?)f
L

e K- e tance

L= M
N R e o
= @;” m @n>
L=0o727 H = 72.7 mH
T.Lucﬁ?ncg in /\@"1\”‘@5

Why? Magnetic flux is related to EMF.

S = — QSB~ \(LT) —LT

Let's compare inductors vs. re5|stors.

T~
l NI TG
R e
V(E) e v |
/ “der™
L -
v® = T4 R V) -L IR =0
JL
_ V(L) =L @&
=K N
P

Having an eternal constant dl/dt isn't possible.

Eventually, the current will be large enough that \/[Q L df + TR
even the small resistance in the wires drops the

rest of the voltage. a”lf = J
\/ ;7_‘ \é IR

 The resistor opposes current by "dropping" voltage.

e The inductor opposes changes in current the same way.
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When an inductor is initially connected to a battery, we're requesting a quick

change in the amount of current.

A Na= IR + L9

R

‘

e The inductor's current cannot change

instantaneously. (dl/dt is finite) Clse Suitch ® =0
° = -
AL=0 Vo3 FR=O vg = Lig‘ \/i :S/o/cz.
R
Eo L=727-H YT 2 e
\/B -1z \V Jf 00727
e Eventually, at t=infinity:
A _
gf;— - \{B - f R
)2
Ex; ‘f; =~ 0.24 /Q /2: o2y el
* In between, the current is a shifted decaying
exponential. L

Let's check dl/dt:

I ff/f>(1> -
;—,z—: I;E {_Q T

af L= Ija
T~

This is the time constant in an RL circuit.

What is my RL time constant in the above example:

= |95 S

Frequently, we care about the "halfway" point.
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f=,_;(/e/£/7>§ “f/y,_ag’
n(o.5

T = Is (;)

i

2 __72“"/),1{(7.5’)
£, =< ’ﬁn/ZD

//L

Ex; "Z‘,/L = @L)S—//s> }ﬂ(l> = [Ol//rg

For the coil from lab, hooking it up to a 12 V car battery will cause the current to
rise to an eventual 0.24 A with a half-life of 101 micro-s.

£,

L
How does the circuit change when R or L is adjusted? = /K

+=0;
T
V=L %L__\

Smaller L --> Faster "charging". Larger R --> Initial charging rate is the same,
but the target current is less, so we get there
sooner.

One problem with inductors is "inductive kick". T

e When disconnecting an inductor, R -> infinity.

This makes tau = L/R very tiny. \
;H‘”%’/y
JZ +
£ =- LG =Hoge!

This can be a huge problem, which is why there is often a
"flyback diode" on relays.

It can also be a huge advantage. "Buck-Boost converter".

Inductors in DC Circuits:
e Steady-state: No opposition to current.
e Transient: Changing the current requires voltage.
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Inductors in AC Circuits Q,ﬂb

Tuesday, October 15, 2019 1:27 PM T/O(SDS
| Vé) = L gz a
V() l
\V s'm(w@ L“(Jf e W@)
VORVENNS =L (-7 (ol w))
V. = T _ (e L)
This equation looks like Ohm's Law. /]‘
 Reactance is like resistance, but for AC. Rgacj??”f{./
* It relates the AMPLITUDES of voltage and X, = w [
current. -

e Remember, the voltage and current aren't the
same sinewave.

e The reactance is not constant, it depends on
the frequency of the circuit.

£ [= 727 /"F X, = (72 (007270 = 27241,
W= 3—77 S
2. pqo’faws/aer s,
T, W Lfi%& Ddﬂy V=, sin (@8
[ fL/’ __13(/@3' l/\/%>
| %
_iamz_ ,\471/@/1@/

The current "lags" behind the voltage by a quarter cycle.
This is the applied voltage or the voltage drop of the inductor,
not the EMF of the inductor.
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16. AC Circuits )
Thursday, October 17,2019 12:24 PM Please complete Teamwork Evaluation 1 on Blackboard.

AC electricity involves sinusoidally-varying voltage and current.
Ex: V= \/O =in (zrﬁ?f) or V =\, cos (ZW?{?B
A\
/-z,qm’oww de ?r\ec?/w@/\o»/

V.
)
=T
Sin(theta) repeats every 2*pi
Sin (@3 = 5’/’f\(@+2v3 j.?:r:irr?_l—
S /zrr% 2 sin (zﬁjé + 27)—} | = T

= Sin (mrp (¢ ”3)

Angular frequency vs. frequency

sin(wb) = sa(2rFh w=27%
e J = Omﬁm/@f ﬁ\@zz in rcwf/g =5
r P2 Sreguercy i 476/57”5/3)3/'/2.
Resistors in AC Circuits:

\
%:IR — T = = sin(wt)
V :m(wﬁ):f Q/ R |
° =1, sin (wE)

V=T R

e Ohm's Law for resistors works for amplitudes just as well as for the functions.

VR)i |

wl
B eevr

P . /N VAR
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N eV -
| P= \/Osrn(w% T an[wé

Power usedjby a resisi;\or in AC. |
P=\T. s

- =\L T —‘;;( l-wS(ZW@)

/
ava Ia

The graph shows that a resistor gets 2 pulses of power for every AC cycle.
The average power is actually half of the peak power.

/zi\/s:zvol—o
DC' P:\/I @V5Q%i; R

Fas

RMS Current and Voltage are average-ish values that make

it easy to compare DC and AC circuits.
\/ _ Vo I - ;—Ei
rmsS \)’_i rms /=

Ex: Household electricity: V_rms =120V f =60 Hz

\, = [Z(=z=) =70V
(50> = 3772 5

\/ = (/70 D s (@775’5 zf)

w =
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Inductors in AC

\ - L%E
V, s (wt) = [ ji\(-—fa OOS(WLL)>
- IO WL SN (&\/f)
A

This looks like Ohm's Law, but there are some differences:

 Proportionality depends on frequency.
e The voltage and current are slightly out of phase. X L_i lﬂg’? L/

Power of an inductor in AC:

V¥
= N >4 P=VT
P r z Z | =V sin (b Z;éoogw@)
Z -\, sw(wﬂ %[w@
P = O

L Om/j
On average, the inductor doesn't use power in an AC circuit.
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Capacitors in AC Circuits

Thursday, October 17, 2019 1:05 PM

A = C\/ — \L - —Q\
s o
\V c QL = C(\fo sm(wb))
[_f- I:i‘@@\: C\/O GOS@£>LU
I= T =T, cos(w
Q =\ wC

V.« 7. (&)

The capacitor obeys AC Ohm's Law, but: <
e The reactance gets smaller with higher frequency.
e The voltage and current are out-of-phase by 1/4 cycle.

v Ty

S

1
e |n a capacitor, the voltage "lags"” behind the current.

AC Ohm's Law works just as well for RMS as for amplitudes. gJ @
_ an
Vis = Lows 2 2507
)
Z:Q Z: XL_:Z’ﬂ‘\:L 2:’%@ - 20¥%C
2
ﬁl&\/g = ff’"‘S R 7:) = O P

quj C,avg

~O
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What capacitor could be connected to a wall outlet and only allow
1 mA (RMS) to flow?

\I{YT\_S{— ‘10\1 ; 9—_" C
¢ -gotlz o
Vims = Lrms &
12@—15.0[)\ %

j2000 2= £

l
X = zotcC
|
,O - o —
] 2000 2}3’[@) .

= - | — 2.2 x;o’gF
25(50> () 20 ©°)

C = 221 x0 ' F =Z2) n¥

Why would we connect a capacitor across the power input?

o All power sources have effective internal resistance.

e Current drawn reduces the available voltage. J

e The capacitor easily conducts current at high frequencies. X ,— 27t C
e S0 our device is exposed to less high-frequency voltage.

Tuesday: Series AC Circuit
e Same current in each component.
 \oltages add, but as functions, not amplitudes.
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17. Series RLC Resonance

uesday, October 22, 2019 12:23 PM Exam 2 Thu 10/31 (£>
What do we know about series circuits? s (%
e Same current everywhere. ) R
= - é = é
T = T =1,(O)=I.( s AL

—7‘;: l7< =7, = IC (/Qm/o//%*/’”ég C
or RY1S) \ﬂ_:l

* \/oltages add to get the total

\/(@ = \/K(zg + \/I_@) + Vg (£>
Net Hrue {1 amphiudes,

Since the components all share the same current, let's start there.

T(B= To cos(wb)

V= TOR = TR omluh)
Vs L35 = 20wk Con() =V (o)
V=% =L L (anld) =\ (50 (WD)

V)= N ces wh + (\/C _\ ‘,> sin( wt)

To add these voltages, think of them as vectors, called phasors.

N # V([:) = \/a OOS ((A]f -|-¢>>

A /7
/'//a5 ay,(/ Of/« ,ﬂp \/ﬁcj/@/“ Sum,
fa%/ X3 V|< VL = f (\/R17L (VC,‘VL>Z>
Tt/ \//: \/c-\/L_

Since each of these voltages is proportional to the current, factor that out.

V=L R

Vo s Lot 2 LA, 73 VAL TeXm XD = TX
V.= Lwg = L Xc

The overall series amplitude is:
V. < [(@RY * @) = TR
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- N D
2 - [RxE

Impedance (2) is like resistance, but for AC.

* Resistor: Z=R

e Inductor or capacitor: Z=X

e Series RLC: Z = sgrt(R"2 + X"2)

e Using impedance reminds us that the voltages aren't in phase. Some sines some cosines.
e There is some frequency dependence.

V. = T_% W=

(@) — D

VB =\, cos(t + ) T = T coslert
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Series RLC Example
Tuesday, October 22, 2019 12:56 PM

4@% \o.<izo NN £=3132 Hz
. R<3on |=03H C° 2S5 pr
\/{ﬁ) ~ L Want current, all voltages, and average power.

C X=wl=29(333)(03) = 6092
X< 4€ = Gl nGensD) = 29042
X= >< —X, = -Hoo o = HIOLZ, Trduchit
= R = [(amo® pyemd = SO LU

AC Ohm's Law:

Only the resistor uses power

E,@Zm; =0z (30 = 7.3 w

Note:  Vems ng - (/2§>(@ 24N 2 2%, %X /s mort,
Now we can calculate each component voltage:
VARSESRY, V< LR 42.24)(35D= 72V
T, e =020 v =T = @ (EP> = 48V
\/);fx (o.21) (660> = |HHV/

The inductor has more voltage than the power supply!

v v, = = = [4g-1H] =96 v

e //ﬂ/ _ [72%
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Frequency trends

Tuesday, October 22, 2019 1:16 PM

- / B -
At very low frequencies: X = —ngL Z

The capacitor blocks current at low frequencies.

At very high frequencies: _ -
XL\ = Z)CT‘S?C, p HOLS’(Z/ - Z
The inductor blocks current at high frequencies.

At some special middle frequency, called the resonant frequency:
2 2L
Xy =X, X =O Z< [R¥o" =1
|

Vel 5=
)
= SR s T

At resonance:
» The series impedance is as low as possible.
e The current is as high as possible.
e The power delivered is as high as possible.

-6
Z__:a..?)H C: 2'5‘ > \O r

R=300 2 \/fms.i.]ZO\/
Ro< T R= (52) o< 98 v/

) __

[
% S ovfic T ;’m = 1¥3.< fz
W = 2 (153.80(0.3) = 346 2
|
X - T 3L

5 (938X (25 %S
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18. Transformers

Thursday, October 24, 2019 12:29 PM

A transformer is two coils that share the same magnetic flux (per loop).

Pr ,"mo.r‘\/ Sic,@nol Qr\/
Sl 1V

r—¥ - .
r c D q

V[k)A/ —=5 q l? RL
T m l)l

The power supply drives current, which causes magnetism in the iron core.
The fluctuating magnetism causes EMF in each coil.

* In the primary, the coil EMF serves to limit the current.

e In the secondary, the coil EMF acts as a power supply for the load.

e Since both coils share the same magnetic flux (per loop): j{l = RA

\/_< i%ﬁi _ Ns O{BA/Jt %"NSBA
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Ideally, a transformer would not lose any energy.
fos = Fin
V. I, = Vela (Theald

The current ratio is the inverse of the voltage ratio (in an ideal transformer).

Ex: Transformer for a phone charger
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If there are 100 turns in the secondary, there
must be 2400 turns in the primary.

The load is connected to the secondary voltage: Vs = Is Kz_
vz Ls 20D
25A = Ig
Assuming an ideal transformer: Vs IS = \/,o Lo
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1. The power supply "sees" a different effective resistance.
)20 = O.]942 R@i
//52 2= Rez
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2. Using a step-down transformer like above allows a low-current power supply
to feed a high-current device.

If the power supply has internal resistance, this increases the efficiency.
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In power distribution systems, we use a variety of voltages for different stages:
e Long-distance: 500 kV transmission lines

e Medium-distance: 135 KV distribution lines

e Short-distance: 35 kV local distribution lines

e Household: 240V and 120 V household electricity.
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Lenz's Law

Thursday, October 24, 2019 1:01 PM
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Lenz's Law: EMF tries to oppose the change inD/qux causing the EMF.
Inapy v

If B(t) is increasing, EMF tries to make B/p-oint thcgjg&the’rgv{/ai’{/.

e How? By pushing current in the proper direction.

e Above, this would make a voltage opposing the I(t). This induced voltage
merely manages to limit the amount of current. This is the source of X_L.

In the secondary:

e B(t) points down and is increasing.

e The EMF tries to generate magnetism pointing up.

e If the secondary current actually flows (because R_L allows it), it ends up
cancelling out some of the original magnetism. So more primary current
Is needed to generate the primary voltage to match the power supply.

This is the source of

Inefficiencies in transformers:
e Lost magnetic flux reduces the secondary voltage, as compared to the ideal equation.
e Current in the coils must pass through metals, which have resistance.
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19. Review

Tuesday, October 29, 2019 12:29 PM

A copper slug sits on a plastic shelf, over top of
a solenoid coil. When the current is suddenly

turned on in the solenoid, what happens?
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The original coil has its North upward. The copper slug has an induced magnet
with North downward. The two magnets will repel, and the copper slug could
jump up off the shelf.
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Other RHR for magnetic force: o o Yo R
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Quick checks: F_B must be perpendicular to both velocity and B.
The velocity and B can't be parallel or anti-parallel.
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AC Circuits

Tuesday, October 29, 2019 12:55 PM
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Note: L is a constant for a given inductor.

What capacitor would have the same reactance at this frequency?

X, = X.
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To get a lower frequency, what do we do to the

capacitance? /
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To cover a range of frequencies, a range of capacitances is needed. The
lowest capacitance goes with the highest frequency. And vice versa.
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Generator voltage

Tuesday, October 29, 2019 1:12 PM
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Lenz's Law with motional EMF

Tuesday, October 29, 2019 1:23 PM
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A small rotatable half-loop of wire is attached to sao Y 27 ved |
a large fixed loop of wire. The small loop w= 3 mn ey o
rotates at 3600 rpm. What is the peak = 377 s

magnitude and direction of the current as the
loop rotates from the solid to the dashed
location?
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The half-loop is moving rightward. B is "in". So the force on + charges is toward the top of the page.
The current will go this way then follow the solid wire CCW around the big loop.
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14. A rectangular loop with mass 0.6 kg is 2.0 m wide and 3.0 m high. It is dropped so that 222

the bottom leg of the loop is in a magnetic field B;;, = 6.0 T, while the top leg is out of

the magnetic field. If the resistance of the loop is 40 Q, atoes it fall with
éero acceleratiop? \J 5
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