Lec 1 - Intro, Charge
Why study electricity and magnetism (E&M)?
e Our society Is electric
o Energy
o Information: Communication, storage,
computation, Measurement, Control
e Light and Radio waves
e Chemistry

e Practice with math and "learning new
things".
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Electrostatics

Tuesday, August 27, 2019 12:54 PM

Study of stationary charges. What are charges?
Generally, "charge" is a measure of how electric something is.
"Charge" can refer to an object or particle that has charge.

All matter is made of atoms, which are in turn made of protons, electrons,
and neutrons.
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How much charge is present in a 27 gram aluminum piece?
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Each aluminum atom has 13 protons and 13 electrons.
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If we wanted to use the aluminum in an electric way, we could do a few things:

e Steal or donate electrons. Maybe only 1 nC to 1 micro-C worth. This is an
electrostatic charge.

 Shift electrons around. About one electron per atom is mobile. As long as the
total number remains constant, we can move massive amounts of charge.

e Shift electrons around, temporarily. This is called polarizing the material.
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Electric Effects
Tuesday, August 27, 2019 1:22 PM
e Charges exert forces on each other. How?
e Charges generate "electric field" all around themselves. Other charges
"feel" the electric field as a force. —s
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Net result: Opposites attract.
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How can we incorporate the direction into the formula?
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The electric field direction is the same as the direction of the force that
would be felt by a positive charge. The positive charge doesn't need to
actually be there. Itis called a "test charge".

~ !
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The electric field generated by a negative g2
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always points toward g2.
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This is the vector formula for the electric field of a point charge
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2. E-Fields

Thursday, August 29, 2019 12:26 PM

Electric field describes how electrified space is.

—D p—
The result of electric field is forces on charges. Fo’ = 9, E
e If qO is +, the force is in the same dir as E.
e |f g0 is -, the force is opposite to E.
e Any 0 we place there will have the same E.

There are two sources of electric fields: HQ"
* Source charges. E = e
e Fluctuating magnetic fields.
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E points away from a + source.

Often, it's easy enough to worry about the magnitude and direction
of E separately.
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Charge Distributions

Thursday, August 29, 2019 12:56 PM

Multiple charges can contribute toward E.
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Alternative way to find the components of E1.:
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Where is the electric field equal to zero? j
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Continuous charge distributions

Thursday, August 29, 2019 1:28 PM

L= &
Line charge: A= linear GAGTS& J@’\S”L7 - L

Q=AM (FheeesD

e PN

) = S ) dx (0 Q/O”j X275 >
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What if we want to know the electric field due
to the line charge distribution?

E-E - faer

(xiﬂ/g IS

/«)7 Ax _ Z',\i
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This is the "Green's Function Method" of
solving the Maxwell's equation.

k/\(')() oAx _ S _ A
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3. Gauss's Law

Tuesday, September 3, 2019 12:29 PM

This is a form of Stokes' Theorem.
Alternative way of finding Electric Field.

Integration method (Green's Function based):

,;, AP
L et Pt
JE~ k2
r
Source Chorge

Gauss's Law Method is based on electric flux.
* Electric flux is the "total amount of electric field" pointing through a surface.
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A large surface may have a variety of angles and a variety of E values.
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Let's try to calculate the flux "emitted" by a point charge.
GC{U\SSr\?’\
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- E‘;ZQ =

5= ELA =k p

No matter what sphere we choose,

the calculated flux is the same. =< kz ( 1#77/‘
In fact, the flux is the same for *any* surface ?,i -0y
that surrounds the point charge. = ?

Integratlon Is a linear operatlon

s[ Ho) +55@Jx = S?(&)CQX 1—13}5@03%

Gauss's Law in general: f,; = 47 L X .

The flux pointing through any closed surface is equal to 4pi*k times the
charge enclosed by the surface.

How does this help us with finding E?
* |In symmetric cases, E "factors out™ of the integral.
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Example: Uniformly charged sphere
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Other Symmetries: Cylindrical

Tuesday, September 3, 2019 1:16 PM

Source is a uniform infinite line charge.
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Gauss's Law with spherical shells

Tuesday, September 3, 2019 1:24 PM

E =0 A 4 nC point charge is surrounded by a thick
metal shell with inner radius 3 cm and outer
-2~ radius 4 cm. The total charge of the metal shell
/ Is -7 nC. How is the charge of the shell
distributed and what is E everywhere?

Important fact: E=0 in a conductor in
““nCelectrostatics.

t?-5> e Conductors allow charges to move.

e E causes forces on charges.

e |If E I=0, the charges would move.

If | draw a Gaussian surface at3<r<4,Q _enc=0.
The only places on the metal where charge can reside are on the inner
surface (r=3) and outer surface (r=4).

&tnot L'/nc + &y’nneﬁ =0 sznné' ~ —L) nC
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To find the electric field, use Gauss's Law:
. A@{mc
jjmswaze’ ég =4 k= gk R, E = T
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A Lol = IC <b3 V\Cg.
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4. Potential and Capacitors

Thursday, September 5, 2019 12:25 PM

Physics | review: W = ‘S EUFE = SFXJK

A good source of intuition for work and energy is free fall.

» @ U;=m3h
! K ==3 AUz =mgh
W= JF 4, = Jrrsdy BK =tk
@wﬂ:—,,,jAV = +mgh é) Up=0
(Nobe: oy 27 3 @B W5=~Dl/3 R
E“Zb’ij Ape- < SB-dE GD
hyT buy= ~fFdy (D

In electrostatics, we can do something similar:

Ez :?of Ug = 20\/

ﬁ FDPCKZ, /OZP tEf\éfS\/ /c{/r GLQ’\%
< Gr‘gL/

The relationship between E and V is the same as
between force and potential energy:

f:_v\/ /;\/:-S)?;}‘ﬁ
E.= -% b\l:—gExe

/&‘E/&; ge)c/ IS a /50 [%] .

V is a quantity with many names: electric potential, potential difference,
voltage, electromotive force (EMF). V is measured in volts (V).
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Just like E is force per unit charge, V is energy per unit charge.
The E and V fields are caused by source charges.
They describe the force and energy of a test charge.

What's the direction of the force on a test charge?
e A mass tends toward lower grav potential energy.
* A charge tends toward lower electric potential energy.
o A + test charge tends toward lower V.
o A - test charge tends toward higher V.
_ £ S

’\ 9/%7‘;

_[_
Lt =3
R
* The positive test charge is attracted toward low V.

e \What kind of source charges would cause this?

e Positive source charges cause positive V,
negative source charges cause negative V.
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Potential of a point charge

Thursday, September 5, 2019 12:56 PM
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Storing charge - on a metal sphere

Thursday, September 5, 2019 1:02 PM

How much charge could we store on a BB? D= 3mm
Air can withstand E = 1,000,000 N/C R =0.c2I5 m
- \\E'F“C'Ok @/\% fgi S k@@ng
; < here EA=E4r R =47k Q
ot T == L&
R’Z_
2 2
She 7. = BE (20N 009 5 x5
(9<07) 025 nC

This charge creates an electric potential.
What is the potential at the surface?

Outside, the BB "looks like" a point charge. L (zf_}gji\ﬁz - |seoV

The potential is also that of a point charge. V= R_ = @a@@}
There are two analogies that help with intuition:

 \Voltage is like height. Q < \/

e \Voltage is like pressure in a fluid. <2 c5V0) = C ()5’00 \/>
The metal sphere doesn't store a lot of charge 9 s 2
considering how much voltage is needed. C= ‘660 =167 x 0 F

R cﬁém _/ —6\57/9 /)
e =
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Parallel Plate Capacitor

Thursday, September 5, 2019 1:20 PM

The reason we can't store much charge on the BB is that it's a monopole
with all the same charge. The charges repel each other strongly.

Most practical capacitors are a dipole, with equal amounts of positive and
negative charges. This significantly reduces the repulsion of the charges
and allows us to store more charge.

Simplest case: Parallel Plate Capacitor

+] E N

— > To find E, we use Gauss's Law in
fraa= ,q/:r - “slab geometry".
- +

T E=C -+ E :?
-/_%————‘{ I+ f

4 ~ Lo

FR, —Q * Om’y fﬁ

.%; - WL‘Q@AQ

E%: L)?J”LQ%

Since E is uniform inside the capacitor, V ;C_\ <
simply depends on the location. \/_ EYX) e

"Charging" the capacitor involves taking
charges from one plate and moving them to the (Zl\( — ECl
other. We want the Delta-V for the whole thing.

Ex: Capacitor made from 1 m”2 sandwich of AV = i’jﬁ@
foil spaced 1 mm apart. A
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There are several ways to create larger capacitors: o
e Large area (A) ( ‘@[f
e Smaller spacing (d)

« Different dielectric (epsilon_0) £, —= £ = )géo
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5. V,I,R,P

Tuesday, September 10, 2019 12:26 PM

Electrostatic Charge Detector

5. VIRP Page 22

.o K9 ~F snO=O

r?\
Y F;oos@-mg =
F.omg
T cos
Sa\/\@



DC Circuits

There are 4 common electrical quantities in DC:

e Voltage (V) in volts (V): This is both the electrical "pressure™ and the
amount of energy per unit charge.

e Current (I) in amps (A): This is the actual stuff flowing in a circuit. It's
the rate of charge motion in coulombs per second.

 Resistance (R) in ohms (£2): The "difficulty" of pushing current through a
part of a circuit.

e Power (P) in watts (W): The rate of energy transfer in joules per second.

DC Circuits are always constructed in continuous loops. This is because
electrostatic charge is difficult to gather.

Wires: Used to route current with ease.
« In electrostatics, there is zero electric field in a conductor. AV =— SEyo& =0
e All points on a conductor are at the same potential = same voltage.
e With flowing current, this is still approximately true.

Battery: Most fundamental motivation for DC current.
e Chemical reactions maintain a (roughly) constant potential difference,
called the EMF (“electromotive force™) of the battery.

—_—

e The terminals of a battery form a capacitor. But unlike a regular
capacitor, the battery's capacitor is self-charging. The chemical reactions
replenish any used charge.

e |deally, the battery can provide many coulombs of charge per second.

Resistor: Provides a semi-difficult path for current to follow.
e An ideal resistor always has the same current-to-voltage ratio.

Ohm's Law \ = T /{
What would happen if you put a resistor in a strong electric field, AV
like 10000 V/m? ~ _ ==
A= B T 7=

If the resistor isn't part of a circuit, it will gather just enough charges to

cancel out the applied electric field. Lo
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IT the resistor 1sn't part ot a circuit, 1t will gather just enough charges to

cancel out the applied electric field.
/S¥P
+ : i D\/,
Jr H e
Ve = ;
Caf ao{@/ Onl 7 CaP@cllor WV‘H\ "Whiske,
AV
E- T E=
'Q/L@SS glll‘slt@ﬂ &
Most basic electrical circuit:
3 C
BO\H"@ / y + T RQ/SSS\‘Q(

L :

A\/quf‘ :\/..\/4 AW/‘Z/‘\/ \/ -0
AV, = 0=V AN, =\ - A

The wires cause their ends to be at the same voltage, but the voltage
DOES NOT FLOW DOWN THE WIRE.

Connecting the resistor and battery at both ends causes the resistor's
voltage to be equal to the battery's EMF.

72@//\’_ LIK
Voo )= T (4052
. :/’/j

The resistor has 20 V applied to it.
The resistor is in parallel with the battery
(connected at both ends).
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Where is the current flowing? E\/@fy\/}\ﬂbﬂ/

\ 665@
20 ""Tl* PO
! b

s

a—

The current follows the path of the circuit, without
any branches or dead-ends.

With no "forks" or "merges", this is a series circuit.

Speed of the current:
 Voltage is conducted very quickly.

e \When the current starts to flow in one place, it
flows everywhere basically right away.
e The actual charges move slowly.
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Power, Energy, and Cost

Tuesday, September 10, 2019 1:28 PM

Voltage is energy per unit charge.

Boﬂ%@/y . P<- £ [ < P %,@nefmtﬂo/
Posckrs  P=NL=IRL=T R used

In any circuit, the total power used must equal the total power generated.
Any imbalance would cause an imbalance of energy, requiring the storage of
energy somewhere in the circuit. Only capacitors and inductors can do that.

Z;/x/« @H: (zo v> (G‘S’/}) = O 1/‘/
[2 = Gsplied = oW

Cost of Electricity: We Buy Energy
(ot = (rate) @ mount)

2 (1000 W) (35@@ 5)
b ) | Lk = (i
" 7o %\/\/}\ = 36 x\@é J

J —
/’;, - 36x0o T 30 co0 o5 \J/j{
rare oz

How does this compare to buying energy in the form of gasoline?
1 GGE =1 Gallon of Gasoline Equivalent

; aGE = 33,7 Lk

jZ'ZO. — o.083]

ra‘f?/ <
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337 kwh T /v

Gasoline only provides thermal energy, not work.
Engines turn heat into work, but with limited efficiency.

cor engirg nw285% -33/4
/Dawe/w /o[ﬁer‘ ~ ‘J)—G%
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6. Series, Parallel

Thursday, September 12, 2019 12:26 PM

Charge conservation: Charge cannot even "build up" anywhere in a circuit.

_ —Q—I—‘“ Lo
W
T 7 T f IZ’ i
7 / 3 |
L= At

1;‘: IZ ff = Il ‘F’LZ
This is Kirchoff's Current Law.

Energy conservation: Energy cannot "build up" anywhere in a circuit.
e If a charge follows a complete loop around a circuit, the energy of that
charge gets back to its original value.
e There is no kinetic energy of these charges, so this means the voltage
changes along the loop must bring the potential back to its original value.
e This is the same as assigning a voltage to every node in the circuit.

Series Circuit: T Laledate V[, =\, =V -V,

2

s = BS\ V-V, = \44'\/8 H/B-\/(/
C/Z g b Vl a \/L
Ina ser!es circuit, volta_lge adds.
What aboutresstnce? o £= TR+ TRa
1 E= T (R¥R,)

6 ‘4-_:_ R‘*Ql /‘

RC% = 72’ + KL (SQ/"??SD

Ex: Two light bulbs are designed to be hooked individually to a 12 V battery.
One is a 12 W bulb, and the other is a 6 W bulb. What happens if they are
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attached in series to the battery? Which is brighter?

T b dus]
- P = Vv, T, A= \/Z/IZ
5':5 2= (2 w) = (120 7, (6w)= (Zhy=
/.“0»4 I, osh Iy
r =5 R\
(2N = (o0 R, (2= (s R,
202 2R, 249N =R
Seces
\/ =Lk,
R, =250 /32\} - 0.333/ =T
VT '(11R)J_ TR,
12w Bulb® p 93335 15530
6w B P = (@333)22q = 2667 W/
Voltages: v = ~TR (O, 333)(12) =4v

V, = 333> (24 =8BV
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Parallel Circuits

Thursday, September 12, 2019 1:02 PM

xIT A fL C[/,,.,\@,QL branches D A
o @3R 3R, s @6
[ < . =T + T

B I S

\4’\/8 = £ :\/’ :\/&

What are the consequences of these rules and Ohm's Law?

E=IR,
I I_r:f,fle
A i\_ l/|_> N AV
6 T R@? RC?/ IQL Rl
I (

Let's hook those light bulbs up to the 12 V
battery, now in parallel.

ITKA b1 — 12V

f Ri o qﬁLQc)»e/ Ay

—_—
—

andf

toel

~

]

R

—_—

b5 R = / JVL 1
E“g;:%uz ‘- é}><a@_

[.$ A

v

L

£
2

R

)2V - S
7 % S Po=@) (A =T/

Nete: Lo =/[OR+ o350 = 1.5/

P.= 12wt 6w = 18w

With this ideal battery, each bulb in parallel
doesn't know that the other one exists.

Note that 12 ohm || 24 ohm = 8 ohm. The result
of a parallel resistance calc is always lower than

6. Series, Parallel Page 30
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the individual R values.

What happens if we put two identical resistors in parallel?

-1
L
Rez ‘(ﬁt "‘R,>
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Internal Resistance

Thursday, September 12, 2019 1:22 PM

A realistic battery tends to provide less voltage when it's under load.
A simple model is to imagine an internal resistor in series with the circuit.

_[“_i’”&‘ 6~ Bulb reol (lousy) bothery
=2y %ZL"(L 7‘/’- = _ ’ZV - O
)367/ l o 48 A

V.= TR, /(648‘/4)(2%731//.5‘2 v
R = L7 (//32)[048} 5S3 W
- IR, ~@H98AD(12) =048 v

Combination Circuit: Both light bulbs in parallel, with a realistic battery.
’rT. I RO j |2

"/fl""""j T
| 2.« _.L—’ 1202 %ZHIL iz\/_“rEA}Ee =3
L" _ 2

R«% T

Since R_eq was a parallel equivalent, its voltage is the same asV_12 or V_24.
Ly =L, R,, = (1533A)(832D < 10,62/
So the 12 ohm and 24 ohm resistors "feel" 10.67 V.

_ \/zz-\ 19.67V _
Z;“t = sz - Z0 AO,“/‘/L/A

2= T\, < (0ot Dlos7 vy <474 w

This 6-W light bulb uses different amounts of power in different circuits:
e |deal 12-V battery: P=6W
e Realistic 12-V battery (1 ohm internal): P =5.53 W
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 Realistic also with 12 ohm in parallel: P =4.74 W
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7. Kirchhoff's Laws

Tuesday, September 17,2019 12:24 PM (Useful website: All About Circuits)

To analyze anything: Pick variables, apply laws, solve.

Kirchhoff's Current Law: A ary nokz: = T. = = Toir

. = O
Kirchhoff's Voltage Law: For a Loop: 2 AV
V22~
== - 204
2a 440 ~
20\, =T,R, = Hqov
oV
4 V=T g
LI L] QLW At,]fd(nw“ﬁ\/b
/_,pABC: 2 A/ =0 |2 0y = Hov + 3OV
Vig + Vg, #Vo0 ™ @ £=IR IR,
(#12v)) ~(4.0VD -(8.0N~ T
2 things to note: We picked the current | as our variable.
The alternative equation gives another loop law: Ay Lpt TE~S IR

Picking actual currents in eres IS called '‘Branch Current Analysis".

1;_1 I,{'IL L “'/ <[A+[B
£=T R, ([A&”) €7 @E‘ Q %Iz g= (L - )R
£ 1, 1<, 0‘”#{") /Vla/sé Corvents = "Suby —enerenls < /g K 2

Be aware of "Mesh Current Analysis".
It's different, subtle, and tricky. Just do Branch analysis.

Another technique is "Node Voltage Analysis".

B Co% IM /‘ZIJLH’
\4':@ 20 /4‘}‘ z\/ \/ ,\/
12y —— — Vg-Ve - VTV
Vo=Vt 12 | W = q
h -k - Ve
2 4

> 2 Va’/’Lcs»b'/ \/e"\/c
Ly (2 \/v#cg,o: \/c/“\/’ﬂ: g‘(j

N
X

7. Kirchhoff's Laws Page 34



5 . vellese s Vg=Vo ~1c7 07
Ly 2 \/,,//Lf:g,o: \/C/A\/;Q: %/‘O:g
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Examples

Tuesday, September 17, 2019 1:05 PM

When do we NEED to use Kirchhoff's Laws?
e Multiple batteries

* Bridge configuration

B8

Loon ARC: 22 = L (190) +I (#o) D
Agpe |20 <. (20) F Ly(300)

ArRco: |zo :T(D@)i‘fg(%) g (500)
@—0 O

T, + IL.(s22) — L, (10> " <R

(Loop CDA follows 14 backwards, so it appears as a negative IR drop.)

To solve in calculator, write in standard form:

20 < /o2 T +90 L,
j22 = 22 I, Yoo T o
lap = 190, +3 15 + soo Ly
o< I t5 - L
O - I\ F £3 t_i)'l
O = -Ly - s 4 Iy
j20 == o O A0 O 9 jI:'
Dl zle o 3 o o2 2\ T
o / / = @) <~ j:,)
o -~ ) ! J © 9 /1Ls
S o o -1 -1 Y/

These matrices go into a calculator to solve for all variables at once
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In Wolfram Alpha, use single-letter variables. Result:
a=~040104, b=1.7657, c=-15964, d=19974, f=0.16937, x=2.1668

A T 7
z f A 2 A 3 “ =) T
Calculating voltages between various points in the circuit.
< D
T

Rz Ls

\/CO: V-V = -T.R, = f(d.é)[z,@j =4+4.%8 v

Vo< - T, R = —(07)(se2d> = — 85V

\pp = 120V

V. = =T R = —@4(reed =Y
e 20 ~ @5 ~Ho S5 =O (/

If you put all voltages on the left, resistors go in as -IR.
If you put the voltage drops on the right, resistors go in as +IR.

There are some other equivalent techniques:
e Delta-Wye
e Thevenin Equivalent (EMF+R)
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8. Microscopic Current and RC Circuits Reminder: Exam 1 Thursday
=9 = 2= Q
NE

&Jf_crﬂa&_g —91 R tncreases
—T 3 [ © O

Dro B e O arefS
L Joehar
Clockpont S N E — Rf‘zﬁk pach
'JY\ Dﬁ

In solid materials, only the conduction electrons move.
For the current to point rightward, the electrons must go left.
To figure out a relationship between I and speed: | o, ¢ A@%LS

I»Z‘ < /:Q = AI\Z% kN moyL( ,4 Ooorossl?

= A~ Count :D@n&% '\/@/0%
Iyé/ nhv 67 p e
T =nfvye

Ex: Drift velocity in a cell phone charging cable. B /<;/3
/‘//mlL@fllgzi C‘;ﬁ o F/a S~ D@(\s‘,“é. :f) = 8-72_ %)ng ~ ggzé\zs\ m
A‘/Lam'\c /./]GCSS =m — 63.\3/ w = /.O\S_X (0 AS
-2
ﬁm;/.éé x 10 71<5

28 ot
/):/i: L, H < (O Q%S

N
6 =

Wie: 24 BWG A= 0.20 mmn" = O,2X0 m
CMK/‘E/I]L fi /.5A

fi nA%?/
(s %)= (BA) 110"
ST W/S =V

e ) o2 xSy (15°C)

_-0.56 m[g
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RC Circuits

Thursday, September 19, 2019 1:02 PM

RC Circuits are about HOW a capacitor gets charged or discharged.

If | took a charged capacitor, and just connected a wire to it:

T /‘—‘SWM Thtdlys A=Q&,

ol e o Q/
C,
C —— l-O\ |
\/\//\@/\ Oonn@d:g//;
4> KarchhoS's ol fage Lau

L= g o=V,
Satisfying this equation requires Q to decrease
instar)tly. That is a huge_: dQ/dt. _ OA@/ Jﬁ

Practically, our wires will have some resistance.

Infinite current would require infinite voltage. /’Q>
We only have so much voltage, so the current is

limited. To represent this, re-draw the circuit

with some resistance.

-4
Z",/ & = Tz R Di¥e el E?“‘”L’UAF
+ ~
0{@ o -F =C, j/ &

L = = - —t
At RCQ 5:@é ji/—e <

= R H<éﬁf%’ J#éih

Tre 1§ T :}ZC/ Qi@a(’:

_th
The exponential tells us what fraction of the y4 N
initial charge is still remaining in the capacitor. O |20
Q UL e — 37
&

27— @'2'“\ oN LL
37 X2

A
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7L . N
\ B’Z\ 0'05
L \ Lkﬂ't\ 22

M
; 24,90 |
™ T 3w o4 ST S

By the time t=5 tau, the capacitor is > 99% drained.

Lo

At what time is the process 50% complete? E = O.S

~r

°— = /rx(ﬁ.é‘) 0.7

F=0.7%"

What are the electrical variables and constants in this situation?
C:oaj;anll/s \/Qf/ GA/QS

R pentioll
" 8 CAN ey ety
T \

Ex: An unknown capacitor is charged up to 15 V, and attached to
a 2 k-ohm resistor. After 15.0 s, the voltage is measured to be
0.75 V. What is the capacitance?

_i
V=V, T =R

é’p ) =200 C

7 ® o025 Y= C
_\./_ _orny = D05 /A(O.OS‘) == / ZSOO/mF =

v . ~ sV

(=]

~tfp— = T8 O <

5%~ =3
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Charglng a capacnor

Thursday,

Septe J@\ 0PM c},\of;@/ DSG}\QWS’Z/

/r I a B \
- —_—— C
e
Charginy KVL 1o Dby
e NN
= \/C + \/g < K
€ < z"@ + IK _Ja
£ = QA+ %41% R = e
e 5 da L AR
EcpcQt T O= pcR b rF
Discharging is like charging, but with a zero-volt battery. &
Steady-state (dQ/dt =0):
=,
E — &SS —_— &‘5 cc @SS

W“m “N W””mw

"Exponentially approaching a limit"

b/~
&$ a QF e Q Q <
A= (-7

_tfr—

@r:({)\ +&r6
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9. Review Exam 1 Thu 9/26. Bring with you:

Tuesday, September 24, 2019 12:26 PM -
e Pencil

e Non-internet calculator
| will provide:
e Exam, equation sheet, scantron

Topics: Electrostatics (Chap 22) thru DC Circuits (Chap 27).
(RC Circuits are also in Chap 27).

Dependence of resistance (and resistivity) on temperature.

72/“/6«’/”6@{}»“5/ éawﬂM# )"&/a?zvué CAOM%Q/
N R e P C. cad, degree & BT,

poded = Rx R (1+ o (T-T))
R~ R_y R_A(T-T.)
Q— Ko = Re oL TVTS)

B = o (T

D@

= o AT
< (d

When converting temperatures:

7 : Te= T (j‘)*‘gzo

!

7—;; 23* ZQ( ) PBQ’
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Electrostatic levitation

Tuesday, September 24, 2019 12:44 PM

omO% _
& Nojrﬂi ffs Nno. f@j Jaw\

w/ Su f?(l 0/‘3"5’& -
o form k& - e

L b \E’Z‘& gho<B || ], |

<ok // % Ny // 2—%‘@) Conoomoi’vj 7/////7 s
Frsuletny t\ V‘V '\’( ? e
£ G_Q&L”é% £

_— = Ao —T v
Uﬁ' 7
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Gauss's Law in spherical symmetry

Tuesday, September 24, 2019 12:52 PM O\
IJ-;"/O_
ca” =
) E o= ‘b

/

jj\g(,v/m%f yﬂi[’-’?@/m Q

/77‘ R)ABLJOWL velimg

(KA

E/_LS CO/J‘/LM e S

| R
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Changing resistor network

Tuesday, September 24, 2019 1:01 PM

Lopon= |.OS A
1, <130 P
— 202 &
R IB
©oe=T. Ry
, N Equal resistors in paraIIeI
v Reg = K +R, R
70;: TZZ‘ ) ‘7, (RL [ > Q‘Zz\

o B,
) R. i R, ] Z/
é: /257 = Z, J’Rj\
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RC Circuit example (HW2-13)

Tuesday, September 24, 2019 1:11 PM

A 12 micro-F capacitor is charged by a 12 V battery.
After 3.0 s, it reaches 4.0 V. What's the resistance?

s V(- )

)2,
B t/
q =12(-e )
U et
12
Y = A - 1
e - |2 1 2.
5
N O N = =9 4a5
T /ACL
-3 — "t g~
RC/ = 740 s Z. ouos T ~O.y05
&v«{/
If the charged capacitor is now discharged through the same resistor, | £ —
what is its voltage after 3.0 s? tr ~ 4
Ve V=\_ce @ /2\: g
12 < |2
B\ _ g

When charging, this capacitor gained 4 out of 12 V in 3 s.
When discharging, it lost 4 out of 12V in 3 s.
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Physical Capacitor
Tuesday, September 24,2019 1:22 PM K: “KQ/O/OO\I\ = Dﬁ@/@o F/t, @ﬂ#@ﬂ%

_X&A o K=y
. € - 2 RS X0
= @\/@/IQ/O Arean

A= Flte @OW‘WLO’\

\

- /;J:Qs“ C_
e K
62 \/ I—Zp lLLQ Sa vl Q /&SS\/J
fam A less E )

jo7 by e

S o fas
;€

— —— k)

P
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Kirchoff's Laws - Branch Analysis
Tuesday, September 24, 2019 1:34 PM —
I A e

o B\ L & L =T,
P, T W et s T

a0 7O Lﬁw‘”ﬁ ’9) W“Qm/'
KV LT Ls?o: 22 =21, + L)I‘ 2_2_-ZIZ‘L, Il:’O

Rubb begp 2 =2, +7Ly  24-2T,-7157°
Sodtre ot 22-2 =491, 77 =
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