Phys1402-Fall2018 - Part 1 — Electrostatics and DC

Monday, October 15, 2018 8:44 PM

e Our course notes are now broken into 3 parts on OneDrive:
® Part 1 - Electrostatics and DC Circuits:

https://tamucc-my.sharepoint.com/:0:/g/personal/jeffery spirko tamucc edu/EhkLIvTU1 pOkB50mwRTR4I1BMn97BZRqrl-ORgvtyty7Zg

® Part 2 - Magnetism and AC Circuits:

https://tamucc-my.sharepoint.com/:0:/g/personal/jeffery spirko tamucc edu/EuR1xpOWEK5LgEaOjXrgoQkBZ7sy3B5pL6QA4wIUzZIZVXQ

® Part 3 - Oscillations, Waves, and Light:

https://tamucc-my.sharepoint.com/:0:/g/personal/jeffery spirko tamucc_edu/EnXylWa4gm5FhPXWNb-bb4kB 7YX7TQsxRdh7HcSKATncg

e Our course notes are also periodically exported to PDF in:

http://faculty.tamucc.edu/jspirko/Phys1402/

» Professor: Dr. Jeff Spirko, jeffery.spirko@tamucc.edu, NRC-1111 (inside
NRC-1100 suite)

o Office Hours: See Live Caledar http://faculty.tamucc.edu/jspirko/calendar.html

e Course Web Folder: http://faculty.tamucc.edu/|jspirko/Phys1402/ - Lecture
Notes, Web Links

e Course YouTube Playlist: Phys1402-Fall18

e Sl Info: [TBD]

e Sessions: [TBD]

e Office Hour: [TBD]

Lab Web Folder: http://physlab.tamucc.edu/ - Lab Policies, Practice Exercises,

Lab Instructions, Auxiliary Files

Textbook: Serway/Vuille, College Physics, 11th Edition (electronic version

in WebAssign).

Homework: Will appear on WebAssign.

Lab Reports: Due 1 week after the lab, by midnight. Submit in the Lab Reports

area in the Course Menu.
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Part 1, Lec 1, Intro to Electrostatics

Monday, August 27, 2018 2:28 PM

Why do we study E&M?
e QOur society is electric
o Energy: Heat, Light, Movement, Cooking
o Information: Communication, Storage, Processing
e Fundamentals behind Light and Radio Waves.
Basis of Chemistry (along with quantum mechanics)
Used to measure and control experiments and processes.
Math and Learning Practice.
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Electrostatics

Monday, August 27, 2018 2:40 PM

¢ All matter is made of atoms.
e Atoms are made of Protons, Neutrons, and Electrons.

The protons and neutrons are gathered in the nucleus.

The electrons "orbit™ around it in a cloud. a = 4 e

Each proton always has the same positive charge. f

Each electron always has the same negative charge. CZQ =-8

Charge is a measurement of "how electric" something is. é-:l 4 ]Qm C
——la

Positive and negative charges cancel via addition. T
Protons and electrons cannot be created or destroyed. plemes - charge
This means charge cannot be created or destroyed.

Generally, the protons stay in place. They are attached to the

nuclei. A few forms of proton movement:

e Nuclear reactions, particle physics beams.

e Chemical reactions.

» Material flow. } Ln a bQJﬁLeW/“

Otherwise, it's just the electrons that flow. This is the flow of
electricity in wires.
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Electric Force

Monday, August 27, 2018 2:54 PM

Most basic interaction of Physics I. Force
The electric force is called the Coulomb Force. iy -1
The easiest case is two small, far-apart charges. e=lé xo  C

Ex: 0W5;+€/ C/\arges A‘HV‘GC+
EOR C,

o—> e 3
—0.25m —~ (10
‘th*g’“c %L:PS/\C
9 Nm%l
F; - ol = center —fo-en=” disteree

@109 Nmz/cz> (‘Z)ao“?c} (§3</O‘g<j~ <o }66 /\)
]_’ _ T — O, X
E (0925' V@

e 567{ /{,( N
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Charged Objects

Monday, August 27, 2018 3:06 PM

-~ - Metal is a conductor, which means the electrons are

_ _ free to roam around where they want.
Any balanced charges spread out throughout the metal.

Any extra charges repel and go to the edges.
The middle (called the "bulk™) is neutral.

Meka Ball
v// £x+p4; Q;QLTLFOY‘S

What if | have two charged metal spheres and bring them infﬁ contact?
Wire /ON\M IS ’<,©,17Loc7i

(O
was J—an was ’S’n C

Both charges end up spreading out to both sides of the system.
If the objects are symmetric, so are the charges. B -
nevs (2/',,4‘}_5 /)C/

Q-ri FE-5 = F3aC New ?L:“-/.S\HC/
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Lec 2 - Charges, Forces, E-Fields
Wednesday, August 29, 2018 1:58 PM Coulomb Force Review
The electrostatic force depends on:

e Charge magnitude: "how electric" the objects are.

e Charge types: Like charges repel; opposites attract.

 Distance: Closer objects experience more force. /< =940

2

-

\ 9 f
Coulomb s Lo Fo- Ul |2

Restrictions/limitations: The charges must be
"small" compared to the distance between them.

A "neutral” objecthas ¢ = © which makes
us think there should be no electric force, ever,
on a neutral object. But, actual objects are still
made of + and - charges. A "polarizable" object
allows its electrons to stretch away from the
nuclei just a little bit. This can cause an
attraction to any charged object.
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Charge Distributions

Wednesday, August 29, 2018 2:25 PM

B(//\c/) CJQ POI‘/WLS : _

KR=Q,+9.+
E.. A +.C Jar% has oo/ mw%

S<tra /OmzL‘oASJP Q” @J’%?ﬂd
X = Ne,
é c) = N!é%lo C>
-
N 10 e daseo]
[6x o C

This is usually done by stealing 6.25€9
electrons, not by adding protons.

Surface Charges: Charge spread out on a surface.

s = =&
/ A
Sufgﬂé@ CACVQE/
Ofmsf%y
Volume Charges: Chargecszpread out throughout a 3-D region.

;5

\/o/u me C/‘WQZ/
D@/Bﬂé /
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Electric Field

Wednesday, August 29, 2018 2:37 PM

How can we exert a particular force on a charge?

F = l“(b 2 ° 57Lr0ﬂ3 9, Sor aay
= ® \/\/e@lL %1) p@aﬂé\/
F__: ’&Q[?l L?/I 93 °l\/]u’7Lf/o}{/ othe CAG’Q@@S
7'-2L '/\32-

We could rearrange this by dividing the g1 over to the other side.

- Lo ] -
P, D-E

————

?\ 2" PEL

2z
—
Erviron /’W‘Jr

The "test charge" g_1 doesn't care how E is created. All that matters
in determining the force isg_1 and E.

Covlomb F;f@‘. ]:_/_3: CZo E

The electric force is: CAGV%@S*
« I the same direction as E for a&charge. Al | OJV]M a

e Opposite to Efor aecharge.

The charges creating E are called "source charges".
The electric field E exerts forces on other "test charges".

The electric field acts as a conceptual middle-man

between the source and test charges. But it exists
whether there are test charges or not.
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E-Field of a point charge A

Wednesday, August 29, 2018 2:55 PM

o T 7 ﬁnaﬁmg/ a @ 9. 4‘854“
R_ yd charge ab esch 0(04’)
. e where  would e
- ® e

O\: onree.

The electric field of a + source points away from the source.

g -5 kE)= 52

o CAarg,e,
If there are multiple sources, their electric fields

add as vectors.
Where 5 E=OF
™ > & FL s

+2nC 2 nC

DO’LS ar€ Caﬂdn\olq%ﬁs W,/.@pg g%/JS ard. %995%6,
2 nC) k(2 <)
E;'i e EZ,: =

e g8
Since the charges are equal, the distances must be equal, and the
point we are looking for is in the middle.

New Ex: o r - o Whe e s Z=O0%
e e @ e e e e

+1 nC +4 nC

Intuitively, our point must be closer to the weaker charge.
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Lec 3, Labor Day, No Class

Monday, October 15, 2018 8:24 PM
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Lec 4 - Electric Potential

Wednesday, September 5, 2018 1:55 PM From Electric Fields to Electric Potential
First, let's remember gravity.
eH{jl’\ Yl\f’)h
@ ®
i Lol s
9
/_\
s Lo mSJ’\
Eorth, T bd doun by T fhegeted #
m Gle S ot trrac O
m athractd fo M r / " el g
o M M =
r F;: Mﬁ’
509 & 9 o8 tor bt

— H:S],\ Priartiol E«@W

&% =

('L F E ‘\’ @ \/ Sf éDLO\J P«a(@%,«\ EMW

o w —— - -
P attroced Fo O & F H\) f g\gj\/l(lﬂﬂa aH’fCZCkO,

. 2 "’7 t Lo R
i e B PE=q [V ]

_
E ponts avoy From@ sources Vis eiu%r, c
cnd 7/%\/\/ard O soprk s, IgﬂwLey\‘,' m[

What is electric potential? Sonrars —= FQ}J; = /@S{'
» Potential energy per unit test charge a crede avect 9
 Positive test charges attracted toward

lower (less positive or more negative)
potential.
 Positive potentials generated by positive H 5\\ @3 N +
source charges. Negative potential generated X
by negative sources. & %F \’ \‘,
e \We don't really know where "zero" is. Earth
Is generally at the same potential, so we use

that.
What about negative test charges? L_Ow <@) \'
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that.

What about negative test charges? ,L_OW @3 \'
e The sources don't change. The fields don't \/
change. (E = electric field, V = potential _
field) PL = 7
e The negative test charges are attracted the f Q— b
, neg=rive
other way. opposie b\ g

Lec 4 - Electric Potential Page 13



Calculating Potentials

Wednesday, September 5, 2018 2:36 PM

P@MJF Source @ \V = LR

~
D.@@&AJ‘ F-r‘ﬂ*r\ Ei é(_/)_\‘ o 'Du@eﬂr@ﬁ/‘ of,@y\ﬁ/h,/\@]LOP
= T L\ pet @ vector

Qfﬁﬁ@ Two parallel metal plates, charged opposite but
with equal magnitudes.

Lcwér 0( = Z‘ZES/Z/ 1La \9’@ < C'[\G"g_QJS.

o S i S
Wﬂ//k J ’L Bagar A = 1Tz room I ouf
<
b Copocfurar 2SS
R:La = Jre/ﬁc%ffc MS{E?NL fj =0 /Wg’qp
7" —\2_ Cﬂk_C@U/OmAS
£.= B.B5K% IO o
C= c@ﬁqc%ﬂq@ I %/CMZS <F>

-6
Tpesl €225 ,F = 25x9 F

Capacitance tells us how much voltage (V) it & = \/
takes to put a certain amount of charge (Q)

inside.
Lo Mjaji 25/):_ CG/OQCW/L"D/
L = A ballry.
NZ= 2 N fw/%s:om.?[ Y

&: <2§><\Od6F> (Z-@ V>
- 7§><\O‘é C
Q=75 pC
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Other things a Capacitor does OF N

Wednesday, September 5,2018  2:56 PM ( .
/ — L
ShreEnecoy Erergy = 2QV = £\
B Tor o fest <hoge PE= QN

E. 5\%97:3(&5 e F><%O\D T
- zLs x 10 J =S/

Gengrcm & E—F@f{ E_: \/

————

I

OV v/
Eoo25,F A g 32 e,
20510 1 [ [NV
B o\ g 2
O(‘ 2o nm/ = = [Sxi© \%ﬂ m

Note: E-field is force per unit test charge, in N/C.
Now, E-field can also be measured in V/m.

These are the exact same, equivalent units. Sh‘d‘j /QOS bve
L /OPZSSM"@
Electric potential is like: y * 4
e Height
e Pressure
— — f%rcmj ”Q5@+

syt
/one)s
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Lec 5 - DC and Ohm's Law

Monday, September 10,2018 2:00 PM From Electrostatics to DC Circuits
Lhetro 51'0&#05 ’@_’C_,_C_WQWE,
, t
/fﬂ/\ VO/%Q%(/S (MSma)/7> L‘OVV \/C/ Q%S
hDéa’(A,@,\o'{” O an\/\@r—s CO/TJT/\U«OMS /DIXH’\S
Zl\argb }()mf(O‘lS M/Je NO AW{@{L,{/D) J'USl‘ go\a/,
Tiny amouts o+ g. fobs o Flow, but m exass X
in QA/ oné_ /O(aﬁé/, O,M /\gj
u( o W’é‘/’
Voltage: Motivation for current to flow. Need _
a voltage source for any current to flow. I oy
Current: Rate of flow of charges. 7 (\\1 . F@j
Carro/\% @’\&
How do we measure current? ReFor m@qsum‘«ﬁi
e Current meter called an ammeter __l: =
e Intercept the flow of current and make itgo  B=t" Jf : 4
through the meter. ﬁi/

e \We want the measured value to be the same
as what the current was before we intercepted \While  measorin 4
it. The ammeter must allow current to flow
easily.
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Ohm's Law

Monday, September 10, 2018 2:27 PM

Mopz, Va“’a%@/ I@CAS“I‘@ noré C(/t(‘r@f\{i,

ﬂm%) 71’Ll/7/ ard_ Proflﬁ/‘1l',-onq/_
V=7 f{ (O%m‘s Lau/)

J AN
\/o“agL (\/) Corrent (/}‘) RQ,S,‘S+GACZ/ Cﬂ}
jn hms
Ex: Flashlight with a 3.0 V battery that wants
0.2 A to flow. (3.0v) = (02 A) R
3oV B
o2h = |52 — I

Voltage was introduced as energy per charge.

< h6r§i> Ciwjéﬁ — /—ﬂiﬂz = PO\/W@/\
, M-

v I =7

Same flashlight - what is its power? p— (g,o on_l @ _ob6 W
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Cost of Energy

Monday, September 10,2018 2:36 PM E[@O+f e RO:\“E/: $ O. IZ/LWL\
P, <S5 = PRy =T st

ST Qatsn [T = G2I¢ §>

| b = (Jooo W) (30 ) = 3
g‘éxo 3

6@0@0@ \J- S
n InVoices

What if we leave a 1 W device operating for a whole month?

24 bous bw
E\bfj\/ ’9 bt (' i) V\/> (_30 AQ\/jB(Z day <®
- o772 kwy

ooy = (072) () <0086
Lost = (Pmeurt) (Rate
Let's say | leave the porch light on all of the time.

ﬁQQI’\OlL;SC@/]{’: 75 W v 56_5’@ /o@,n monH»
L—ED |O w N $0,86 /QQr monH\
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Measuring Voltage

Monday, September 10, 2018 2:49 PM

Car Afé 5‘[%&/\
(G Flowd)

Cor\dw NS

Pressure o-\a\\lg{/ S 4

Yo ond Poerk,

\ P It measures the pressure difference
oy between the freon pipe and the
R atmosphere.
'LL?—V Eua fm‘l/af“ a
C)rr‘omﬁ

e Just like the pressure gauge, the voltmeter is

R,
+ % f\, a dead-end path. No current flows through
— it.
v
Ra

difference. The voltmeter is connected to 2
points in a circuit.

e The voltmeter to the left is connected
"across the battery".

e The current is unaffected by the voltmeter.

‘ » The voltmeter needs to measure a voltage

Lec 5 - DC and Ohm's Law Page 19



Measuring Resistance and Power

Monday, September 10, 2018 3:00 PM g: c&
N2 \1 \/ =

e Place a known V across a resistor.

e Measure the current | that flows.

e Divide to calculate the resistance. o 3
An ohmmeter does all of these things for us. [

Note that there must not be another voltage
source in the circuit. That would confuse the
ohmmeter and yield garbage results (at best) or
cause damage (at worst).

How about measuring power?
P DQ}T\M«J /37 P:\[I

Must measure both voltage (V) and current (1)
while the circuit is operating as designed (i.e.
with another voltage source).

Y/
N @@’Tﬁ
\"r,—’
Powe, Meter
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Lec 6 - Series and Parallel - Series Circuit Components

Wednesday, September 12, 2018 1:54 PM

-§fnf’/0’ Circutt:

£-3.0V 4’ %K"JSK
| V=1R

CO\rr&/\‘!"' I: r‘\é - 3‘0 Y - éo-& /L)

-

152
When we measure current, we place the meter in series so that the
current must go through the meter.

When two components are in series, they have the same current.
Recognize this by a connection between them with no branches.

5@4\ s RQS‘[S 7LO S

R and ‘221 }-\awe, ‘H\Z/

£ 4 Rlss2 cane  curres.
= 3JO\/ /}// :7’ fn scves
R,s £ €2 T ( )

\/o[%q%z/ Is @Mfﬁy /;@.f\ C/ACZV\S/Q.

fon= T F=1V, F=LV,
Gen by Latt Uz d E7 a Ueed é\/ e
FAQH— - Fl +]91 O‘\
= s aJ\
£I/ V, L +V, LS
E =V, + Vo ]
R\: S s2 Measped \=2.25 V Notes®

\/M{T'\IZ, ,’—340\/ J

RZF Ero /ﬂédfweol \/110-7?\/ v 55 |§51‘/
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_ > \/ -0 7%\ -
R< srz  [Teasued -7 V. 22s . B2y
_ Vo z2.2sY s/ v, . 075 S5
— /KT‘ )52 = 0.1

In series, the bigger R gets a larger share of the voltage.

From the battery's perspective:
yr_pépj: 2/0.15‘ A Vo= 74% 3
& + (329)= (@ = “T
-0V T go
R@i = Vv Z@S‘L Rei

Series resistors act like a single equivalent

resistance, where: RQ’Z f‘OZ» to, + - )

Important example: Internal Resistance of a Battery

¢ = 1]2 'l’I Rirﬂ'

|
R\' ——
; 45 ; = \/erm LR

T —
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Parallel Circuits

Wednesday, September 12, 2018 2:43 PM

Para\(ik Res 5+©'S ?O/a” | means atteched
A both ards.
OCMFI‘Z/KI‘ QJO‘{S
,/\ /Oqfa ,
Rwer;
Orly wiey Faf this o W’Q 'S2 +\Jolfoen> a&W
s = \/ = U, =g "‘FO
Parallel Equivalentl?f—s;star::; <4 i\—’— %: 07 A
p T,= —/- 0.6A
2OV - E 7[)
QQ, 1‘!’ i\lrj: - .8
2 I~
Req = ogn™ 37552
pﬁ-&:} cmtévlgf\/ﬁf\? /L‘r = /f'\+12/
£ £ E
- R
1 | ~\:_ -\ -
Rer™ R, ﬁ;** R =R,

Easy-to-do Calculations:

R =R, T, Semest R, =RER =2 R

/):r\ pora”@{: - /L ..,l—\—\
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Combination Circuits

Wednesday, September 12, 2018 2:59 PM g \151\) ‘ \, 1 Q
R‘ 75v |.sA &0 e
R, &S5V 25 HS
@3 ns\N oXs  127)

R, Mv lsA g -

e D

RZ, \\ R T@-t— ZLl\f /.54 ’61
R <J— > S,Q, sy 1PA 3.

,v;—’;jw/% Rz I:ZI'%Z - /‘5’/4 »:_CI: /1/23 I

c - [oopom POfH'\
How could we add up voltages to get 24 VV? i s = \/
We couldadd V1 +V2+V4=75+45+12=24 ”\5&’1
Orwecould: V1+V3+V4=75+45+12=24

yZaLV
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Lec 7 - More Circuits - Kirchoff's Laws

Monday, September 17, 2018 1:56 PM

e Correntt 7;%@' /’n*;T@?L@} out

o 7oA (b.° /5J> = @P@ +75

i\ojfs:f 2.°H '—'l;

"VOIJMQQ [auw ﬂ—\/ou wddl MpH“L V°(+Q$@5 n Gny /OO/D)
He fotal s zero. <ld AV =0

Tl Souree LN =Tokl Used 2V

A 2y = T(34)
E=12v wa J\ % R=3 " B
. < 2 Hohd = |
Seriess 1_)
Nl 20 Gv = w
£:26v "'—{— ; 20 Series voltgas A

Lezn-T e— 6T (225
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5{5 s R\S AJJ

——

IT = IJ + _‘LZ_
o 3v="1T (I
@ 3V = L(S'f)——)

What about the "right loop"? e O = IIOSQ—) +IL(§,Q)

This only "works" if one is negative.
Rule to fix this: If your loop goes "backwards"
across a resistor, add a minus sign. = ~I (s2) v (592)

<F/L)< 6‘0/)

Alsebra ~ T (552 =T, (552
éfJ@S ,oqrou)fd (/oﬁang rule® \/l - \/2/
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Application of Kirchoff's Laws

Monday, September 17, 2018 2:37 PM

Corretb Loz T +T, = (2.484)

Botton [eopt E;_ = T,z +(2~43/B(5Q>
’E/Q Loops ash =7 (73502 HzA38($2)
A/%Af&[ 1 (5= 7.§S“I\ + )2.4

2.6 = 7351,
- 6
J_) = 2;‘35‘: @.35-y/9

O, 354 +I&; 2,48 -—EIL:Z.IZAA

e, 3(2~726§(2f2) +(2A8)(§fz)t /67 v
Outer Loop Kirchoff's Voltage Law:
57LQFF @ ‘(‘O/o’ g /17LJ COW]J’@./F W QS_U)‘(//JV I~ I, (24 53_5 - 7:2 (Z‘B
N

We went backwards across EMF2.

15-14.7 = 2.6 —Y, 252

JSF
- < -/, 63 (Loun
l-7 /a é$ \/ ( E/\ j
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RC Circuits

Monday, September 17, 2018 3:00 PM

A capacitor can store voltage and energy, and provide current, much like a
battery.
mcufl-

£ R
\ A 3*“‘”\ | -
@\ \V {2 coprci omCQ, (VB

Q c/xo@a C\j
\/LRH: £: C/OH_S}' \/ =

< -

+sf H-

If Vbatt = V¢, these circuits behave the same ... at first.

But the battery can maintain its voltage continuously.

The capacitor starts becoming "drained" immediately.

Since the capacitor voltage is proportional to its charge, both

start decreasing immediately. The resistor will feel the

lower voltage and draw less current. v, F /01:’

V; VZ\/-@

The voltage decreases exponentially.
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Lec 8 - Capacitors and RC Circuits Homework Questions

Wednesday, September 19, 2018 1:56 PM

Consider the circuit shown below. (Assume £ =9.00V, Ry =1.500, R;=4.300, R3=15500, and R4 = 11.0 0.}

e% %Rz %R; %34 ‘3

VRAVAERVALS Fow

Ths cireult s €asen

2

| bo apdy.
T Ty =1 (Not ysuslly o3y 1o apry)

~23 )1

A typical hair dryer consumes 1.60 x 10% W of electrical power. If the hair dryer runs for 14.4 minutes, determine the

following.

(a) the amount of energy consumed

(c) the cost of this energy, assuming the electrical power company charges $0.120 per kWh

NN B

| I :Qw) (l %
| Lwih :Q{A\M} O LOW‘)

:(]_OOO W) (35@0 5>

_ /Un _ Amaumjf
</,’ogal Cosh) = (Uat C S}D( J 26 xf T
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Capacitors in DC Circuits

Wednesday, September 19, 2018

o Al c,l\arcéz./S ge/néfoajf@ VO{{JQS’Q . V= %

¢ Toolaked d"afj‘?«f M&Lﬂ AuSe/ \/w/ HH‘K& cz:
e\ s o EV\emg/\/ per unik <harge
o Dv’W<ou”’7 of m@\/ﬁ\g monrZ CLO”S@S-
¢ Cachl$°(5 MGLC/ 7}‘ ﬁaS\/ 1/[‘@ SQHfﬂr LO’_S <§$ Z V‘// lﬁ”’/@ \A

;A |+ -
Cl‘af“ﬂ'sé:?\—;:— == Plotes ; ﬂ te
Q= chaorge o & P17
@ _ C\/ i cou{of"&é <C’>
C = Cﬂ/oqod'onéex g g:’:"\ac'{s <F>
V = VQ\{'ocaz, in velte (\/)

j:r\s/ofe/) 2z ”\,‘VSS /'\a/cpéﬁ:

.
E[z,& T‘_we}al -L = o= d i<barce. be Kezn /o[mté/s

L
Braryy = - (B2 \(chone) = L\
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RC Circuits - The process of charging and dls/Qharglng

Wednesday, September 19, 2018 2:36 PM
R
Dr54ar5fﬂ5 C ﬁ

A// ar€ ZX/JOV)&/\ZL@/ 0/{ Ca 7,

s /V.L_a _tf— —tf
Q=Q.e V=\,e T=T.¢
For discharging, exp(-t/tau) is the fraction of charge remaining.
1/ o
®) /.o SN
/.0 0.37 3/ 2(037)(0 37)
2.0 0.4 47
3.0 s/
Y.o 2% filer 5 d[—
5o % e 99 olore
How much time does it take to get to 50% of the original charge?
Q = (0.9
~t
Q=4 e
_tfr—
O.5 =e In s tinds y value
/n(OfSJB - ’\f_ * solve X —:,@7
T In 2 < >

_0693 = “t/r

06932~ = ¢
The time constant (tau) depends on the
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resistance and capacitance.
 Bigger capacitors take more time to drain. 7= = C
 Bigger resistors make the draining slower. R

| —

/= V. Vo +Ve =N 1t
Qs - = Qg L/ < cff %i
—tfr ANr—
&; &%;(l -C . LC = ,_&;’ C
= L \

Exponentially approaching a final value.

It takes 5 time constants to be 99% complete. In(0.01) = -4.605170185988091

N =S

Focus on understanding exponential decay
(discharging) for the exam.
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Lec 9 - Review for Exam 1

Monday, September 24, 2018 2:00 PM

Test is Wed 9/26.
Covers Electrostatics and DC Circuits (including RC)
Chap 15-18, HW1 and HW2, Labs 1-4.

HW?2-14: Combination Circuit \0’57’9\ 7902

0.1977 A
L. R=232 R b0 2780 s Roa = HO T2

@\’PSO)”RZ’~ (7;87 +LS —Ho.7
| =12/60.7 = 0.1977

V_40.7 = IR = (0.1977) * (40.7) = 8.0464
| (R1+50) = V/R = 8.0464 / 78 = 0.1032

P 50 = \V*I = (IR)*] = I"2 * R = (0.1032)"2 * 50 = 0.5325 W

Equivalent Circuits:
e Redraw, combining series or parallel resistors into an equivalent.
o Keep simplifying until a pure series or pure parallel circuit is found.
e Transfer values back up through the previous iterations.
o Parts of the circuit that didn't change get the same currents and voltages.
o Series equivalents have the same current as their components.
o Parallel equivalents have the same voltage as their components.
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Electrostatics Review

Monday, September 24, 2018 2:33 PM

Electric Field
e Generated by charges. Points away from + and toward -.
o Point charges make a diverging (or converging) field.

o Pra'aor‘,'fw\a) {—U Q
E: % o \Nzaker w i bh O"\g%an%

o Capacitors make a uniform field. ?/ C= i;(i
- Y _ Q _ Q4 )
E-Tr=cr s o

@ PraPOML,onaJ fo Q N E_

0 S-Q/r\@ 5{7\@/57% e veér VVJAQ/\@ ms b(Q CQﬁM < .J/Lan_

e Electric field causes forces on other charges.
—

Fez o E q="test chorge”

o If the test charge is negative, F_E is
opposite to E.

1\
Je

o We use test charges to measure E. N, | '&;;S\ﬁ
e Electric field is closely related to voltage. ’Y \, il \E\/’\,J
LN Nolk 9e CAOYKSQ, Ve \1\
PANS B ilj/:f/o/acwe/#’ FK\_; J \‘é X
o Electric field points "downhill C ,/,mmjrsw i Fhe
@ Ju—ac,ﬂon,

A 5 micro-F capacitor has 20 V across it. The \
capacitor's plate separation is 0.1 mm. - N zOv _ woaD [,
= o{ —

e Electric field inside? O.x0 m

* Force on a loose electron between plates? F—_:ig_:([_é P ,5’YC>(Zooooa N/QB

= 3,2><\O-'Ll N

e Acceleratinn nf lnnge electron hehween — PR ﬂ:‘L\ N
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= 3-9)“0-!”\ N

 Acceleration of loose electron between - 3 ZNO*‘L\ N
lates? (no other for - === s 3.
plates? (no other forces) F:@r e) e TP 3] be,

3.26-14/9.11e-31 = 3.51E16 = 3,57 w0 /.=
e Speed if accelerated from one plate to the

other? Release from rest vj’ :%Llrzcu»x (J:&\ m
V;Z’ L(%_gpzm\é )(O,\ Xla’3> |
2%35116%0.1e-3 = 7.02E12 = 710 "‘1/57- g Umﬁn
 Kinetic energy of electron when it hits the A)”@OLV

other side?

—0.5*9.11e-31 * 7e12 = 3.2e-18 J
e Energy per unit charge? To)

RE 22x10 ) = ort nal \/oH’ang
2 T [ Exo T ¥
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Where is the electric field zero?

Monday, September 24, 2018 3:08 PM

E=&
| o

?\; ¥y

E 15, =0 B

Che<l S\‘dr\gu@
E\ O{@%@&& Sstronser

E,
E;(: — + EL: —

d‘iﬁ-mﬂ\

X
E-'e

- ‘-; ___7
o E-;/: 2=
77"
q, stonger
R ‘s melt
IEl= (=]
Lo, _ Ugo
2= R*

The logic is different if we're looking for a place

where V = 0 (instead of E = 0).
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Lec 10 - Exam 1 - No notes

Monday, October 15, 2018 9:04 PM
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