Coulomb's law intro

11 February 2011
15:09

1

F =kq:1q; 1z
g=coulomb
Nm?

o= (coulomb)?
k =9x10° Nm2C~2

Superposition Principle
dz z

2+ R2)s RWVITTRZ

A = linear density of charge

cosf =—
L

F= |M5|R = |2kqprobe6Q:;3|R

L? L
6q = Adz }F 2k a Rdz P
= probe 3
_ [p2 2
L=vR*+1Z (R? + 72)2
*© dz

R

F= |2kqprobe/1R , 3
0 (RZ+272)2
— quprobe/lR-

Z [oe]
F =2k A
fprobe W'o R

E_ZkAR
R

E= dVR
" dR

V = —-2kAlogR

Point charge q

L* = z* + R*

Sq
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10 February 2011
13:04

kqdqy .
F=( = )R
kqéq
U= R
Such that

——=F
dR

Electric field
kq .
E=—R

RZ
_kq

|4
R

Example
Infinitely long charge distribution

2kéq - @ kaAn 2kA
J 68 = ’ ( 12 COSB)RZ J 2 3dz=|E=—7-R surface = RdSR
» ° (R2+ 172 Area is so small it can be approximated as
= rectangle

=

V =—2kAlogR + ¢ R
66 [4

o (density of charge)

2koRdRd¢ cos Oy _ Rz -
E = (T)K =|2ko ————d¢dR |k

(R2 + z2)2
T r Rz r Rz
E=2ka’ ’ —3de9=2k0n‘ ——— _dR
0 ‘o (R2 4 22)2 0 (R2 4 22)2
E =2k | ! |R 2k | -+1| 2k | L1
= 2konz.|-——| = 2konz|—+—| = 2kon |—=
VRZ ¥ 221, R2+2z%2 z VRZ ¥ 72
E=2k0n(1—L)l€
N
What happens if R — o0?
E =2knok

Infinite plane of carge
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What happensif R = 0

E = 72 — take a look in notes

Infinite plane
E = 2nok k
V = —2nkoz + C

Point charge

Point charge 1 1
E~— V~=

» | RZ | R
Infinite line g 1 V~logR
Plane E~1 V~R
Volume E~R | V~R?

1

E~ RD-1

D=number of dimensions

4 dimensions

Point charge

1
E~m

Lisa Randall
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FIRST MIDTERM FEB 25

11 February 2011
10:04

Flux of ¥ on surface S
f v.ds
surface

[ #.ds = [ |v|.|ds|(R.R) = |¥|[ ds = |v|.4mR?

7 = |v|.R

Velocity is in radial direction
ds = ds;R + ds,K — ds3K

K is along axes

[ 7.d5 = (v.R) <d511$ 4 |ds2K —ds3K )
cancels
Gauss' law
Kq

E = 7z E4AmR? = Kq4n
4mR? = surface area of s*
f E.d5 = kq4m

s2
E2nRz = 2kAz2m

f E.ds = 2mkq
cylinder

TR?E = 2.2komR? = 4mkQ

f E.ds = 2T[ernclosed by the surface
closed surface

— gauss'law

jEE.dS_= 2k

X
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Review

17 February 2011
13:05

Most important result of previous lectures-> Gauss' theorem
Distribution of electric charge

Closed surface X

Qenclosed

fE'.dS_ = Qenclosea K =
€o

b
ds is a normal vector from each point on the surface
1
4me
€9 = electric permativity of vacuum

Observations:

1. Ifthere are no charges inside

fﬁd§=0
E

2. f B.ds=0
E
There are no isolated magnetic charges- if a magnet is cut in two, you get two
magnets; poles cannot be separated

T

ds = |E||ds|RR
RR=1
fﬁds_: |E|lds| = |E|f|ds| = |E|.surface of sphere
E
q

-~

E.(4nR*) =q—>E =

\%
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E=|EIR

ds = |d5;|R + 1d5;; IR + |d5;;|(—R)
E(dS_‘I + d§ii + d§iii)

Eds = |E||ds;|

z 21 z:1

2R

Z
=E.2nR.Z = A.—
€o

E= (o)
~ \2mE,R

/ —> Density of charge ¢

1 2

fEdsr:J Ed§+j Eds
5 ) z

Other surfaces parallel to electric field, therefore 0

fmudsmm (-R)

00Xy
|E|f sy + 1| [ Idsy] = |Elx.y + [Elx.y = 2|Elx.y =
21 22 0

For a closed surface enclosing charges Q
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M—o—
|
QU
2]l
Il
RS

Surface = 4mR?

R- normal vector

_ q -
E=—R
4meR?
AEEA X
U U .
F=—"#
"~ 2meoR
/ —> Density of charge
b I
21 > Z
\
7 Rz>0
= 2¢€p z
E=1{¢ ~
— (-R)z<o0
2¢€,

L
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L
E
E
o~ E
>
E
E
—>
>
o -0
2E

20 . O .
=—R=—R

E =
2€, €o

If you charge a conductor, all the charge flows to the edges

@@_%

Conducting sphere with charge q

RR z>0

Insulating sphere

Electric fiedl outside
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q -

F=—1_
4meR?
Total charge
_4rm R3
Q 3 TR°p
=_ P 5. .
E =—R R inside sphere
3€p
F=1 =
E= @ 1 R outside sphere
41e, R?

_— I , 1 4nR®
fE$=waBMR=mee=g =7
dV—E

T st sf of
VFi=21+2j+—k

f xl+5y] 6z

F=-p-py

=-—R=

Electric potential=the work done by the electrical field on a charge that we move to the point "R"

Magnetism->historical development->we will not follow

Lorentz->force on a charged particle
|f = qE + qv x B

f = qui X Bok

~

B i j k
f=avy 0 0|=—quoBof
0 0 By
What is the work (change of kinetic energy) done by the magnetic field
Sw = f.dR
o drR _\ _
6w =q(W X B).dR =q EXB .dR
f=mAe.vB=IxB=I11xB -
ik
qlVx Vy Vg =iQ(vyBO)_jq(vaO)
0 0 B
I dv dv,, dv,  dv, .
Foa=ma=m(G e+ k)
dv,
m% qBov,y
dv,
méi_t_ qBovy
UZ
=0
™t
dv, qB
— ==V 1
dt (m) y
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dvy, (qB
dt \m

)o. @

Take equation one and derivate it
d’v, qBd  d’v, (qB)( qB)
Atz mde? " dez  \m m )
d?v, (qB)2

=—|—] vy

dt? m

Doing viconverce
2

Lo (),
dt m) Y

v = —w?v

v, = A, cos(wt + py)
vy, =4, cos(a)t + py)

Qtt=0
U = vyl

X (t =0) = A, cosp, =1y
v, (t =0) =A,cos¢, =0

Choose

$x=0 Ay = vy
T

¢y = E

v, = vyconstant
Uy = Vg coS wt

T
vy, = Acos (wt + E)
Z=2Zy+ vg,t
X = xO

We started with magnetic fields that we "defined" via the force on a charged moving particle
f=qE+qvxB

We offered this for a large set of particles that are moving in side a cable/wire

f = (mdev)dl x B

mAev = electric current

= [f =14l x B|

We showed that the magnetic force does not change the kinetic energy of the particle [does not

work]
f =quB
m m kg
Newton = Kg— = coulomb.—[B] - [B] = ——————— = Tesla
52 , s coulomb. sec
v
fmagnetic = qvoB = m?o
R = mv
=B
g=-V(gz) = —gk
= (d Vi+ d Vi+ d Vl%)— 4
T\ Tay Y T

fdﬁ:qjﬁdﬁ; jﬂ”ﬁdﬁ:o
b b b

S— o

[

-
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17 March 2011
14:07

We saw
Lorentz force
f=qE+quvxB
f'=qE+qlxB
And we saw

Compute the force of cable 1 on cable 2

f=1IdlxB
1) Compute the magentic field that the cable 1
produces in the portion of the cable 2 B, _,,
2) Compute the force f = I,dl, X B;_,,

Uoly ~
1) B1—>2 - 2T L¢

2) f - Izdlzk X B12
F = Ldlk x Mcp
= Mo 1
f= dlz(k qb)

Faraday's law

X

= flux of the magnetic field on surface X

I.1

Cable 1

\%

g ©

v(0)

~
>

N

A\
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Flux of the magnetic field

B = Boié
ds = dsk
E.d§ = Bods

J-Ed§= fBodS = Bofds = Boz = B()L.x = q)B
z z z

¥ =total surface

® = ByL x(t)
do . d .
E = BOLX(T,') €= —a(b = —BOLX(t)
- Electric field opposing current
€ =V =ByLx
eV =RI
. V. BolLx
"R R
We have a current (charged particles moving) in a magnetic field
I L S A
f=ILxB=[0 —Il 0|=—ILBy(})
0 0 By
B = Byk, IL = IL(—))
Bl
_ L?Bj |
s
f=ma
f=mx
L?B?
——g k=m¥

Type equation here.
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Summary of things for exam

31 March 2011
13:12

Gauss' law

_ o
fras=2
= €o

o = total electric charge articulated by X
€9 = electric permitivity of vacuum

f}?ds‘ =0
p)
Eg impossible to have monopole magnet

Faraday law
— o[ Bas=e=§rar
atJy, b
€ =induced voltage->induced emf
Ampere's law
Open surface, around a current

1/ B

C_,\\J/H ZB”Af: HD[
Al

b
o = magnetic permittivity of vacuum
[=total current passing through the surface X,

Maxwell realized (~1850) that Ampere's law was incomplete. He called the term
% on Eds —"displacement current

_ - d _
Bdl = /.1.01 - /.1.060_-[ Ed§

If he added this term->many interesting things werehappening with these eqs
What things do happen?
You can derive a "wave equation” for electric and magnetic

d> _ 1d%E

TR

Or same B; interestingly,
d? 1 d?
dx? = cZdt?

Electric charge was conserved
Maxwell's Equations

jgédsf:o
z
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_ o
fras=2
b €o
d _
Bds—fEdl
dt 21 b
[
%Bdl=yol+uoeo—f Eds
b dt Jy
1

Y, = open surface with boundary b
Exercise: 1. take the Maxwell's equations and put all their charges and currents=0
Q=1=0

2. Next, what happens if you exchange E —» B,B - —E
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Electric circuits

05 May 2011
13:07

Units Difference of portential

AAAA OhmQ |V, =RI
R

Resistors

| + Volts V= -V

Battery

+ lFaradayA _Q
i wfof e

capacitor

Currents Ampere

N _dI
L V=L-

Inductor

Ohm's Law

Difficult to get- hard to measure
Kirchhoff's law

I=1L+1,

Power dissipated
Pdissipated = RI?
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1
Power dissapated = RI* = pu (R_2 + R, + R_3) + R, (

Govdem) )

Z
S
2 — = finite number

Capacitor connected to resistor

Q  do Q
?+R1— _)E-I_E_O]

dQ() Q)
[dy *W“’]

2 ways to solve

1st way
dQ_ " @ do_ dt
E__R_c_)?__R_c_)mtegmte
Q) _ _fdt 1 (. _ 1
Q(t)__ RC-"RC dt = RC(t to)
1 @ ——i(t—t) - Q(t) = _%
8\~ )= "re 0 Q(t) = ce
Solution

t
Q(t) = Qoe RC

2nd way
Propose

Q =Ae™
dQ

2 — Alett
It le

Aelt
AleM +—— =0
e + Rf
Aett {A + —} =0
¢ RC
Ae™ is non-trivial solution - not zero

A 1
~ RC

Come back
t
A=0Q

So
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Q _t
Ji = —— RC
(®) RCE

Power dissapated = RI?

[eo] oo 2 2t 2 o 2t Zt 2 2t
f Pdt = —Oe_ﬁdt=&f e RCdt = ——&e_ﬁ= [
0 0

s RC? RC? RC RC?

Add inductor to circuit

aQ() , Q@)

at " re -V

di(t) Q) _  |Ld’Q RdQ Q _
L7+R1(t)+7—0—> F-I-ZE‘{'R—
_dq

=3

i) Suppose that we consider R=0
What will happen to the equation?

Ld*Q Q@
= =90
dt? +LC
Undamped oscillator

System is the same if t=-t
1
Q(t) = Asin(—t + )
, VLC v
Ld Rd
Q RdQ Q _
dt> Ldt LC
Resistance term=damping
¥+ri+w?x=0
Damping makes system time dependent t # —t

PH-123-Electromagnatism Page 18

2tQ2
NEE

oo
_2t
e RC]
0



