11. Exam1 Return, Magnets

Tuesday, October 1, 2019 9:24 AM

Examl Average: 59%
After grades are uploaded, use your Course Average to see where you stand.
(60% Exams, 15% HW, 25% Lab)

Equivalent units to the farad (F)?
TAs meaSures £ 0,90 e tFance (C\) )
C = %”4— A=\ 7—=RC
[c] =LF][v] 51 =Le1lF]

For the 25 mg styrofoam ball: 25 mg = 25 m@j g

g
=25 x 1O /<3

Mass is our only quantity where the fundamental unit is not the base unit.
Must convert to kg to use in F=ma, F=mg, etc.

0 = mg { F= (o)
?: - % f Fé '1<0/o W/l)
7 A
vP Y\@jccjrw{/ iy S‘+ Ae, dL\A/ N

Spherical Gauss's Law

Kirchhoff's Law Circuit 7. T, =T

4:\5\14 =4
(e NT=
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Magnetism Intro

Tuesday, October 1, 2019 10:18 AM

Magnetostatics: Magnetism without moving objects.
Any currents are DC currents.

Magnetism is a vector field, like the electric field.
The magnetic field (B* ) is shaped differently.
Magnetic fields always form "loops".

[or /"]qsﬂe)f’ J’haiﬂH‘ Wire_
N R sz
S N[>
/7 i M‘
L R oy

-~ -
What creates magnetic fields?
e Magnetic materials.
e Electric Currents
e Fluctuating electric fields

What do magnetic fields do?
e Force on moving charges and currents.

e Torgue on magnetic dipoles.
e Attract or repel magnetic dipoles.
e Generate electric field and voltage.

We need 3-D directions and coordinate systems.

Paper Vlep Carera
! x= R jght x=East x =Rt
7 :U}g:ﬁ/o 7:[\}0,}]\ Y= Up rﬁ,’
A * 220t 2 :U(o 2 = Backw

—

A
®

The word "Up" is ambiguous. Need clues to figure out what it means.

Always try to envision the 3-D situation separately from the diagram.

~

e | v —
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Always try to envision the 3-D situation separately from the diagram.

N
B:? = |n o oW
-

s . e O
- < "TV—‘b
R PL T \j
R IPIIAK
X ¥ X X
X % x

RHR for magnetic field of a current:
e Point thumb in direction of I.

 Curl fingers around current to find B.
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12. Magnetic Sources

Thursday, October 3, 2019 9:24 AM

—
Generally, B is caused by currents. I
‘ S ﬁ:z: LD T
Bfof“jq\/arﬂ!“ Asqw« B = T L
> Y
/\@ /O< e ’
® = ~OSY FUJMC}/"
b2rs e
- =
Vector cross product: =AOR —
e C is perpendicular to both A and B. S =0 “‘>[ DR ':O
e C has a magnitude of AB sin(theta), where S=90 \:3//4?@ g;/ 4R
theta is the angle between A and B.
e Pick direction of C by RHR:
—
_.»:—('-» C = ﬂmmé
—& /0_5: I/\OZZ/%
IOI)Z/X‘P =C —
/s ot _—$: 7,07/'@5 g lquJa//{/
- AN
Example: Infinite, straight current 'A"ép? - ;] 2} E
Y roExT S S
o R, A,
— h A N . \/
g A= eyl g
_— ‘R./“ X Jﬁ@#i dx? ® —x?%yj\
X - \/o&ﬁ
e B
—
A - AT\ _ydek o4 T P
T 4w LY
— D V Z?ﬂ’y
Ew» - AR r = 0%‘572@”% fmm s
< 27T~
Common to think about magnetism of two wires.
¥ T Pt B, B. Neb
o > f et i 185

R=/-% 5 g in in BB,

zZo r
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Wires each carrying 1.5 A of current spaced 4 cm apart. B at midpoint?

B< BRtR = e (L3) /“005) _ 2.5 T
= zv(o_o'&) 217’(/2) 025 3x0

7 Tem
Hint: Type mu_0 as (pi*4e-7) o= T /
At a point 1 cm above I1:
. oAl el (.5
B - 8\ —BZ 277(0_0\3 zw'(a OSB
Circular Loop of Wire: A
JZ = RJe®
Nn
n A .
2 @,L\
R d
27
/M{,T, R dJok
=/ 2

(Lost  Fockr of RT)

Along the axis, in front of and behind the loop,
B is weaker. It's kind of bell-shaped function.
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Ampere's Law

Thursday, October 3, 2019 10:17 AM

This is akin to Gauss's Law and summarizes the result

of the Biot-Savart Law. —
. - SB "JE - DIé’mc
WB= /

, Strategy, make that integral easy.
,/ » Make sure B = constant

e Keep dot product simple
(theta=constant)

Z RzxR /2”/6 e /ﬁef

If lout = lin, then |_enc = 0 for any point

y outside the coaxial cable.

 J L
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outside the coaxial cable.

o
k R=0
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Solenoid Coil

Thursday, October 3, 2019 10:32 AM

For a many-loop coil with all of the loops on top of NI
each other, just multiply by N: R= /”; -3
In a solenoid coil, the loops are not on top of
each other, they are next to each other. — A
‘I'\)"(“, Ins:‘alai R = B, .
~ aVial A -
*“'"\T'——jk Outsde R, O
z *"‘ A Lr
8 X :/aa f@nc_/
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13. Magnetic Forces and Torques

Tuesday, October 8, 2019 9:23 AM

The most basic result of magnetism is forces on moving charges

The cross product does a few things:

e The velocity must have a component perpendicular to B to generate force

e The direction of the force is by the RHR for cross products
o F_B is perpendicular to velocity.

oF Bis perpendicular to the magnetic field

L ~ *-\/0}2 (WL‘” Fq%ﬁD
horizon

ﬁ
o« CRES
@SSMMMB &) PQF%”\Q/Q‘>

Since the force is always perpendicular to the velocity:
e B cannot change the speed of the particle's motion

e F_B cannot transfer energy. W = jﬁ, I = J ot

e F B does change the direction of motion of the particle. This makes the
particle move in uniform circular motion

em—

)
—
@L \3‘2\/@8
- —
X X X X ' ¢ -
net <R
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This radius of curvature is the basis of a mass spectrometer.

How do we generate a beam of particles with known velocity?

Method 1: Linear accelerator. - X =
t\r\jg ~\IQ,@Q.% %b\/ - 2. my

TN

Notation: AV < fecel \/*DHQ%L

tdr’"O /A\I =g v = Veloal
2
N
R 20 2
\/&[&9¢|A\7 =\ - N

R = ms o m 2@@\/ __|__/2me
98 ~ 9B - BV 9
If I have a bunch of particles with different masses and the same charge, and |

accelerate them all with the same voltage, how does R depend on mass?
(Here, R is proportional to the square root of mass.)

It would be nice to have a linear dependence between mass and radius.
That would require all particles to have the same velocity (not voltage).

Method 2: Velocity Selector
e Start with particles of various velocities.
 Pick out the ones you want. F— — F’

o ST f-a ~FE.

s u= B

e

At this velocity, the net force is zero.
e Too fast: particle bends left.
e Too slow: particle bends right.

So now we have a beam of particles, all with the same velocity.
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Magnetic force on currents

Tuesday, October 8, 2019 10:11 AM —_é -'@
E:Bc? F —. Q(/—B@ R
> ) = —
_ b page™ = i

B @ I;Z, /nfe page. Fg; - TL® R
2 - 7R (E3
_’

The force on a current is boring, but it is the original definition of the ampere.
Consider two parallel wires:

- ’ _ ’/MOII
, - - - f, = Sou~ <L B,"H

JI__FET;’T%%‘-OAW; Iy

Direction of F B is "opposites repel".
_ PP P ~ f, —-a/[«
_7 Tm - /"
PATLE N 2 d

If the distances are "nice round numbers", then
1.0 A of current causes a "'nice round number"
value of force. This was the original definition
of the ampere, and is why mu_0 is what it is.

13. Magnetic Forces and Torques Page 14



Magnetic Torque

Tuesday, October 8, 2019 10:24 AM

| roafe
Fg I \Q/\M/
A Bl R
@\bg - mrﬂ’\QI 4“ [cOp ]g%
y
e -~
' B
R
The two forces together generate a torque on the loop.
How much?

T ~27, —2( 00 Z(TL@ 7_3“\§>
~= RAZL sno A =Lfw

Typically, the loop is a coil with many turns of wire.
=N LA T sin S
This torque tries to make n-hat point in the direction of B.

This is the torque produced by an electric motor.
Note: The motor doesn't need to be spinning to make torque.

Electric generators are also coils in magnetic fields. This means
electric generators also exert torque. But, they only exert
magnetic torque when current is flowing, i.e. when a load is
attached.
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14. Electromagnetic Induction

Thursday, October 10, 2019 9:24 AM

V/sauce video on Laws & Causes:
https://www.youtube.com/watch?v= WHRWLNhVm M&t=308s

Electromagnetic Induction is covered by Faraday's Law:

AT = 7
ST _ (B-H
& dE zgg_SY

This law actually summarizes two physical effects:
e Moving a wire in a magnetic field - Motional EMF
e Fluctuating magnetic field - Need a new explanation

Motional EMF - D;QE a rectangular loop "into a magnetic field".

L ‘ Charges in the wire that are falling
v in the magnetic field feel a magnetic
B R 14 = _R ﬁ force.
AN {7‘ AN RETTT — A
?—"ﬁ\% F; = 2\/ BOL
AlE X X A
Eo = AX ? = %Eo ('?>
< X X
{V B = { AV
OQr \ AX
Arzﬂ oI i % > /‘AXD{

This shows that Faraday's Law covers the case of a moving wire in a
magnetic field.
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https://www.youtube.com/watch?v=_WHRWLnVm_M&t=308s

Ex: A 25 gram wire that is 5 cm wide and 7 cm tall falls intoa 0.04 T
magnetic field. What is the resistance of the wire if it falls at 9 m/s?
Scrﬁ

E=RL ‘.(0.@'-\T>(Q7 yAICED
T E 003 Vv

RHR: + pushed right, so current is CCW.
For const-velocity, F B=F ¢ )j' . m %

AL‘
- o= = < [, 470 LA
E=TR Rz [ =ggop ke

Z @-H? mfl.

Stage 1: Charges in falling wire feel magnetic force along the wire. This is
balanced by the generated electric force, which comes from the generated
electric field, which is an EMF / length.

Stage 2: The EMF drives current around the loop. The current (along the
wire) feels a magnetic force perpendicular to the wire. This is balanced by
gravity, so the loop falls with zero acceleration.

We looked at the loop falling into a magnetic field. Only the bottom leg of
the loop experienced motional EMF. Once the loop is "in" the magnetic
field, the upper leg will also generate voltage, but the other way around the
loop.

If the loop starts to fall "out of the magnetic field", then the bottom leg will
stop generating voltage. The top leg will make current flow the other way.
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EMF self-induced by a coil

Thursday, October 10, 2019 10:08 A

—L—>

B )2
Each loop forms a disc.
Each disc has a normal vector. _ A &2 T
Theta is between the normal and B. ,g - T
Faraday's Law says if the flux changes, there is
an EMF.
1%,/, = fNA 4T
i =S T

Changing the current in a coil generates EMF.
Ex: Unplug an electric motor. This makes the

current stop VERY rapidly. The coil in the
motor generates a HUGE EMF spike.

What's behind this effect?
e Fluctuating B "stirs up" electric field.

7/ o el ﬁ@
O IR — )E

It's nice to not have to deal with the details.
Faraday's Law magically covers all cases.
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Electric Generator

Thursday, October 10, 2019 10:22 AM

This is formed from a spinning coil in a magnetic field.

-~
'/ G x| ) '1‘,_3 -
5 N
: > 9 opoeydo
5 JE It
@ = NRA =2 $ - cpggo\) J
= NRA gd: ) _ _d%,

G4 =< qYl?w/cm V@[6C¢"/L7 e S

&
Erax [y
X[\\//-\\/ £ g/'nqx = NRA w
Motors vs. Generators

Both are coils m B Felds,

Gzr\lym‘ka’\ %
We_ &/0/9/7 %OPQMQ o S/Oﬁ% We ap/o/7 uoH’a% {'9 /DU«S}\ J:
EMS§ /oms/@S Cw”“’ﬁ{/l f CausesS JHV@ WL=’?ZM£,

K(A/r\@/ﬂl CQUSZN jr&j +@f7M/ %Wmh’bﬁ caAun3seSs &Ok EMF

Back EMF in a motor is actually good for us.

Na gac/lt EVJ{{: Widh @ack EMS:
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15. Inductance

Tuesday, October 15, 2019 9:25 AM

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

Slessid?
8= NB /% B= aNL

yA
3, - /"ﬂ)f

SR /,N/%
£ = LT

Magnetic flux is related to EMF:

JEs _ AL
E=->7 =Lz

This is the basic relationship between current and voltage for an inductor.
We need to understand how this affects our circuits.

SNl n '\Iﬁk)

@ 7R
H—agk D (Z') L—

ﬁbf
2>
v = VR / !

AT
V@iz/éjg VB -LZr = IR
V&) = Lfg + TR

Now we are opposed by two things:

e The resistor opposes current.

e The inductor opposes changes in current. If the current is constant,
the inductor doesn't do anything. It's only when the current tries to
change that the inductor generates voltage.

/T AL
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change that the inductor generates voItage
JT JdT

\/R = IR v’_: L_;]t—’ EL_:_-L;ZQ;

What happens when you first connect a battery to an electromagnet?
A

— AL | +
\/ea r Q \/&W:Lﬁjbi—f{

L
[
7.:Jlf M‘J 5;: — VBQHJ
Va=
._9@620/7 -~ qu{/e -~ IGQHJ
e fr—
Shifted decaying exponential: T = T 5 + (1’.[-3:5> <

j";’— O+ (1 ,j[ge th_é—;)

f;:,O f‘F = V&H

R_
- JT =N Vet =1 _ Vaart
/]1"71“/‘0// - Iy (N -~ ( }2> (\L —_ L

What does the time constant tell us?
e Bigger L = more time to build up current.

* Bigger R = Less time to build up current?
We're asking the inductor for a more gentle current change,
so we can do it faster.

L.
I: fs: ("@’é/T\ = //{,
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f: f_,\: ()-—6'&/2) °r = L—//Q/

Like with the RC circuit, the exponential represents the
"fraction of the process remaining to be completed".

One key time is when the process is 50% complete.
/=

= O.5
e - T2
/= /n(cj‘s_D — Zﬁ: T/m (23

quﬁffb?a', Yo

Inductors in DC Circuits:
» When current is steady: No voltage and hence no effect.
e \When turning a circuit on or off: Inductor opposes that change.

o Turning on: No big deal. Normal resistance makes for a normal
time constant, and the inductor's voltage is reasonable (limited to
battery voltage).

o Turning off: Can produce EXTREME voltages. Resistanceis 1
very high (almost infinite), so tau is very small. %llt/ ) SW@

z
* A "Buck-Boost converter" generates voltage by / 5%0',5, b%{% ;
: : : g2
turning an inductor's current on and off repeatedly.

—
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Inductors in AC Circuits

| PO

Vs 7 S Ysald = L

w“f eC %,MGVQJVO'“ %’S/\(W£> =
let T(2)~= —fqu oos(w@

ALz (onldw =T, w sl

P—= — 5/> mox > é)
(w ,)

/ho»x
This looks a lot like Ohm's Law. \
Voltage is proportional to current.
Differences: Reacfance

e These are voltage and current AMPLITUDES. The voltage X —w L
was a sin() function, while the current is a cos() function. k-

e The proportionality factor isn't constant.
o Slow oscillation: Low voltage for a given current.
o Fast oscillation: High voltage for a given current.

The solenoid used in lab a few weeks ago:

N < |sco L— - /o lvllq WO\D (P(OGBD)

1)
r = &-037”\
4=l m L:O,o?2,7 H
/V
‘\f_-[m/mcf’amczd i /\Qﬁf"&S
Wall outlet:

Vi = 170V Y =ml=274 o
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vvaill yulLicL.

Viaw = [70 V. X =wk=274 o
w = 377 s

[ fao(rar\s /Oéf seC

V, = :l:; X),
7o = I, 74
.24 = 1o

This is the current amplitude that would (briefly) flow if we plugged one
of those solenoid coils into a wall outlet.

Vi

-

T
| N iy
% I = -Tocas (wh)

The current in an inductor "lags" behind the applied voltage.
How much? Exactly 1/4 of an oscillation.
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16. AC Circuits

Thursday, October 17, 2019 9:22 AM

AC electricity involves sinusoidally-varying voltage and current.

EL; \/ = \/o Sin (QTS‘Féﬁ on \f: \f@ WS(ZTY¥£>

LA,WQ?\J{JMLL. .
\//Mlx:\/ﬂ ) Ffﬂﬁ/ﬂﬂﬁ/ -
‘ Hz
\/ B T L
TsFQF' O’ l ‘?

SinS re./oZCMLS 6\/6/7 20
40 C S = sin (@+2Tf>
sn (25F8) = sn( ottt 27 2nf
= o'm( 2550 (¢ +T>) yT=
Resistor in an AC Circuit: f(?b
V =T R %D%

{\\ /7 _—~ consta ot UJ -
Siewones VL sin(wt) =L sin(ol) 12

Vo =L K

Angular frequeﬁcy (e) islin radians per second.= S’}
Frequency (f) islin cycles prr second = Hz.

P=vt
| P < (\/O 5,;@/6))( o (wé>>

=\ L s 2( )

Power used by a resiTtor:
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The resistor receives energy in pulses instead of steadily.
The frequency of the pulses is twice the AC frequency.

On average, /O = ji‘{gﬂ@”jy)

AE/\&ﬁy = SPO& :ij At
]
= LR (oa szﬂ%)

Instead of using the too-large |_0 to describe current, let's use a smaller value,
so we don't need the 1/2 out front.

_ Lo _ L
Leus = = = A=

So for AC, we usually use RMS values to describe voltage and current.
E.. /«{CMS@/‘J/OJ E/Q/CJLV‘/‘C;%/
%ﬂg:/ZOV \/:/Z(;zp) = 70 V

£ 6o Hs w =27 (60 = 377 5~
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Inductor in AC

Thursday, October 17, 2019 10:02 AM

T
Vo= L%

\/@ s|‘r\<1n¥b> - L%é—l; aOs(zw/Q{:)>
\é:f_g(lﬁ?L):fwa

This works equally well for RMS voltage and current.
\/rm_v iz_“’*\j XL inzj\j—?['

Power of an inductor:
P= VL

= V. sin (wé) (— T, ws[w%))

| Pa = O

| \
P ( J ) \/\ﬁ)L_
On average, inductors don't use power.
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Capacitors in an AC Circuit

Thursday, October 17,2019 10:14 AM (2 —_ C\/
1.——:111@6) V(L =N N
a

VO TEE sl G

C\/, mS[M’Z)(A) ~ L
__fo @S(&/ﬁ) 31/—

What happens when you apply a sine function voltage to a capacitor?
e Current is a cosine function.
V.

L'g; o 7. =V, wl
>/ \[ = /—f&\:IX
wC =<

! |

e The amplitudes obey AC Ohm's Law with capacitive reactance (X_C).

\/R =< IR \/l_:_féw?@ Vq_:]:@—’c—c»)

e The capacitor's current "leads" the voltage.

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

J —
JoizP o v cE_—3

g/éa\‘\? T -
- 1 -t ' ﬂ'\A
&
—_
Va :I XQ_ XC: ZTJ'QC
122 mo.2ol KXo \

_ S 7 —— ’ \
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1220 o2l X

;ZQOOO = )(Q,

Tuesday: Series AC Circuit

e Same current in each component. (cosine)
* \oltages add, but not the amplitudes.
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17. Series RLC Resonance Exam 2 Thu 10/31

Tuesday, October 22, 2019 9:22 AM

What do we know about the series circuit? jﬁ(@
e Same current in each component. f%
Tl = T, =14 | 3F
fp\ p Iz_ < IQ (ﬁm/g [otudes \/(f> 7Y L
or RIIS) C
 \oltages add up to total voltage. L.—-j—

V(D =V (8 #\ (&) +\L(8)
Bt Apitades dont add,

To get some intuition, we'll assume I(t) and see what the power supply voltage is.
Lot T = T cos(wt)
Lod V() = IOR < TR cos(ub)
V() = LIE = Tl (-sin(b)
= L = 1 2= (sn(wdd

VOE Vg ces () + V. (=sin (&@)1\ V_ s (. wé)
q&]‘ VL) Sin (b\/k)
To add these voltages, think of them as vectors. (Technically, they're phasors.)

Ve b VO 1;\4 cos(wt +¢>

W \/p\ Amﬁ/r/‘wﬂ(xﬁ ar\df Omﬁéi OIQ \/4674’" sem.
Botal x: V, f?/- 2

V a R AN, _

f Total ¢ = L=V No =/ Vr *‘Q@ U

Since each of these is proportional to the current amplitude, we can factor that out.

\V,=T_R
V, = L. wle = T_ X -%
V. - T.7= =T X.

/e T, <Xc, "XL>

W
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D N T (Xe A

\/ IGL\/C‘IX ———r———

X=X A

The circuit reactance is just the difference of the
capacitive and inductive reactances.

- JTRT XY = T SR

Z = 17"’)/3< ancl -
Impedance (2) is like resistance, but for AC circuits.
e Foraresistor,Z=R
e For an inductor or capacitor, Z = X
e For a series circuit, use pythag: Z =sqrt(R"2 + X*2)
e Impedance reminds us that voltage and current aren't in phase.

V[£D: \'A WS(WZ‘ FP) I@) =7_ @:/wé)

TR A

\/o:fﬁz
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RLC Example

Tuesday, October 22, 2019 9:56 AM

fr—-(@ Vo.=hRov §= 2/8.2 Hz
£ /) R R = 30002 | =030 C-= z_v[_‘
\/( /\1;/ ]_ [oa\/j :? \/LR' = f
—_—C _
L-/"I x < 23T$L 7—73‘(3]3 3)(6) 3) 0/80
iy

ch’ ﬁyg?(_ /(2 >(318.3) (z SKRIT j) O0L_
X: XC’){;_,: (oo — 200 :H@Q ()
= [RFrgr = /(3'5@2# ’—J‘OD‘j o S22

Overalld \/rv’\s —:f/\ms Z
on V)iIFMS (5‘6@!23 — jrmsi @_ZZ) /9

Resistor Power: o _ 72— (o024 A (=0 =123 W

Individual component RMS Voltages:
 Resistor

V, = (02D (370 =72V
Rws \/ms/;
e Inductor :_ms NEED) (560> - |9H v ﬁ,’a\/
 Capacitor QMS - (o 2z é’m@) - g v

N
Fﬁu@i F
Ve =YyB— IHY = ~96 v

V. = -/’[722+HL¢Z> = 16] Vv

The inductor and resistor have voltages that are 1/4 wave out of
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phase, so they add like perpendicular vectors.
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Series RLC Behavior at different frequencies

Tuesday, October 22, 2019 10:10 AM

Very low frequencies: )(C; zn‘-?c = /”“fj@/ = A

The capacitor blocks the current at low frequencies.

Very high frequencies: ><L < 2wf) = /\mg/a, - >
The inductor blocks the current at high frequencies.
Special, resonance frequency:

X=X, X=0 2= /ZQZ#%D = R

)

NRL"“ TN
2 . 2 [ W = //\
Wp L= | L = L ™
/
2)‘3_ > T
R o
)
7(; Zr [
What is special about resonance?
2 [
Z - [REr s~
3 \/Sﬁe)o)&j
)C?)t40{ im ,7,217/
The overall series impedance is the lowest value.
The series circuit's current is the highest value.
The power used by the circuit is the highest value.
\[ = 120 v R=3 . [=Q3H CZ /Q

.

| ) )
_F/;: T T 27 ey '83.8 2
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V[ - 120V ISR (2 LFUSH  (Fdr

) —
_F/;: 2 S ) 2763z snT ) /'83.8 M=

LR = (22 o> = 58
/ﬁ/%_\ R Q) resencncl

The maximum power is transferred at the resonant frequency.

p WiaVH/\ r@/quzg{%o 2 a$ c;v“rz:m«%/

High g3 Narrmow peok
*—T Lo 9 - Wi dg /0@?7‘L
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18. Transformers

Thursday, October 24, 2019 9:20 AM

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

Prfmar"f ge,conchmm/ .f{é) [ c»@@éﬁwj A
%_éé) TG@) — \ £, ompozes V(O
3 — 4=
Vb /?\_/_/’_\ > b % R
* J

The power supply drives current in the Primary, which makes a magnetic
field and magnetic flux, and the changing magnetic flux generates voltage

in both coils. < m/a,\/ [_—7(4{

ﬁ'imar7 IL—7‘/WG: f;o - N/Oksﬁ ‘%’S: NS' 8’4
f@ e o
JE

008
i

Induced voltage:

E - N %

65: ‘;~/\25
_Np

N
ratio of the number of loops in each coil.

Vel

The voltage ratio is equal to th

@D

Most derivations: 5;0 2 P 7_ fe <RA - ]CZM

o2 =
By itself, the transformer generates two voltages (primary and secondary)
that are strictly proportional.

e \WWhen current is flowing in the secondary, it generates magnetism to
oppose the magnetism of the primary. This means it takes extra current in
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the primary to generate enough EMF to match the V(t) of the power

supply.
e Summary: |_pislow when | _sis low, and |I_p is high when I_s is high.

Teal: P, = ot
E)ofp’;g.sls € = oal N/ﬁ«E
© = 577)7-
VT, = Vs T,

Practically, transformers do "lose" some energy along the way.
EWiceny €3 B4 g zepuin
[ in
FPuw=E F’ir\
V. I, = € Vo

s
Ex: Transformer for a phone charger \/ 5~/

2o £ §“Q{ R, = 5/

Turns ratio:

s SV, W

—

N’o lzov = 24
If the secondary has 100 loops, the primary must have 2400 loops.

If ideal, what currents flow? V.= L. R,

(9= L=< (51@)
loA= Is

Tde)- '\/S fs = g,
(s (on) = (1229 Tp

——’7; 20,6257 T
Notice that the power supply doesn't "see" the

ocArMMAn racice tAnn~rn Ac thna lAaAd -

j2

18. Transformers Page 38



—

Notice that the power supply doesn't 'see" the
same resistance as the load.
\, =7_ R
P P S

(20 ) = (o-2625 A R@i
J20-24 =Reg = 2830 72

How does this relate to the load resistance?

R T 2 e

L. 5

—

5
They are related by the turns ratio squared. R, ) NS 2
R@% - 24 2% - ,\Zp>

Why would we care about the equivalent
resistance? Power efficiency is related to this.

Also, if the power supply has some internal resistance, reducing
| _p reduces wasted power there.

~ \/RI\HJF iER'}\#‘

:(i&mf*> R.‘fﬁ—
V\/GS+€J [ower— /0&;,,4, " I/o = an"“

D@/Nérﬂ/ v er - fsl RL

The power used by R_int is: IORI. "

fﬁz E,‘n#
Washd 7 2 -
st T =R

ﬂea// - \/Pzp
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Ip V= _Ns
Ig _‘\(P—‘N/D

The current ratio is the inverse of the turns ratio (ideally).

How can we reduce the wasted energy?

e Have a low primary current = high primary voltage
e Have low internal resistance = thick wires

e Limit the load resistance to reasonably high values.
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19. Review

Tuesday, October 29, 2019 9:23 AM

A copper slug is dropped into a coil as shown.
Con T  Whatis the direction of the induced eddy
°'§ij 4 B, current in the copper?

\—&/ o Velocik, il by glov\//;warJ
£ v B . Cownz/n’t‘ @)QV“{’S AGA’F&W % @
i ;\_% « Coll’'s B ,ocrfﬂ)g aewnwa’rd
T__‘_,_ - o S/Mﬁ\S me rnqﬁw%wzc/ 'S MCM@SM‘@
JB \J « EMY Wil oo gm nresse . [L@nz‘j L.Qw)
‘l:nolwd T quLQS g}%a‘ M/OM/QWO4

‘Z’o/wocp/ I /‘asﬂ\fﬂlﬁ rng}ﬁ“ acrol< fanw

N
={)

"

RHR for Magnetic Force A . =
REARS

X X A Q [ I'\J-ZX "Cu“ c‘.\/@(oq“)’
- nger M
—@———9\1 \ :}QrS)\‘ILWGrO{
p 4 P Ei _ g‘b ¢ ,\/j H?J‘J/,ﬁ -anor :M /8
F_B 8 :Irf//@ /éa%

C Thes < Tpafege
’ N&gq%’f/ 2, So force. = Botfem @p,oaéb

Qb Rufes )?L 1o bth v’w?‘; L oeattbe | B

A proton is dropped into a downward-pointing magnetic field.
What's the direction of the magnetic force? (n/a because there
IS no magnetic force)

What's the direction of the magnetic force? (East)

e

N
A proton is dropped into a northward-pointing magnetic field. W \T\ =
<

7 ) o/
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1

1§ .p
- Bl
] . " : fnér@qjﬂﬂ,\j ';‘-\/[/L&
e Inolmczo/ -é::AFI\LSZVLS 6)05%@8

x | osl, « Q.
VoE T
X v J{ X F_ P)
A X =3 ) ©
* | mg = TR
Foll 2216 Frachee 2 B14 7 N(39) = T (2.0)(6:2D
£E<IR 7
vB[,tfR/ -I:fa_/

V(JC’)(Q\OB =T (‘*9)
(The 3.0 m height of the loop didn't matter.)
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Resonance Frequency

Tuesday, October 29, 2019 10:06 AM

_ |
o Xe o ~ris
l
27?& L. =

Zh'{‘; C

;
=4 ~H } 2712 x 09 (P20 =
£~ )zo0 kHz < ) (2o G
IR

To decrease the resonant frequency a
/ar g~ capacitor should be used.

Small electronics use MUCH higher
frequencies, which allows smaller L and C.

If the current in the original question is 1 mA, XL:ZD’(/.ZwogIO‘@Dﬂ
how much voltage is there across the inductor? =302 kn

L X = V < (000302 L) = 302 V

The capacitor voltage is the same, because X L =X C. VVc
L

The impedance of the LC series, at resonance, is zero.

Reading an AC voltage function: \/(’9 < JHO 3 ( soo £

Aoplinky= tio =N, = S
a:zwﬁ? = Soo t»qv\gw/""ﬁ”?'

Vo /40 12
V%m_s/*(/af E’,}f}@@'\/ :1;2(53;):7?("/4/2

L.<lOH X < 23¥L=(so(12) = SR

L\
/‘:[Qng o/ ) ’ L~ D e M)
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L= X, = 25pL= (SO (U as_) S

Czlop$ - - 2oe>
/ Xe = owhC (5‘003(/0 ‘)

//S@Ge,-é
) /(S = /e«—()
X = X.-X_ = |soosz2__
Rzlo==q 2= Jr¥px"

3 oot wsee” 218032

\//‘M\S IX \//‘mg_:fwms%
V — XC \/Zr'ms - Irm;
<r - ~m
(22N = 5
oo (22
crm,_s - //O \/

The power supply voltage is used with the total Z.
The capacitor voltage is used with the capacitor's Z = X _C.
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DC Motor

Tuesday, October 29, 2019 10:29 AM

A 12-V DC motor draws 2.0 A when it is stopped, but
only 0.5 A when it is spinning freely. What is the back-

EMF? . s/ozz4
S/O' ﬂiﬂj
S)lo/o/oeoé < :./y@/q.og-: D) QZ, v):; (2..@/)> /{
gose= R
ol </Zv)\ € = (o.)(6>
j2-< =3

= < :/@o{c/¢ E/V)F

The back-EMF effectively subtracts from the power supply voltage.

19. Review Page 45



Faraday's Law

Tuesday, October 29,2019 10:34 AM éf/:
dZ, _
I€l=] 72 £, < N8 oo
A2, 3
=35 / J;é)/ =N j;A
A= (©.22(0,2) = ©,04 = (3) ,AE@\ (QOLD
cesO |

B "perpendicular to plane of coil" means B is
"parallel to the normal vector" which is theta=0.

If the magnetic field was 0.5 T and is reversed AR lo T
over a period of 2.0 s, what is the average EMF? .~ = S _ ©
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