Electromagnetism li

Instructor: Andrei Sirenko

sirenko@nijit.edu

Spring 2013
Thursdays 1 pm—4 pm



Spring 2013:

1. Book: D.J. Griffiths

Introduction to Electrodynamics

2. Syllabus: @ web.njit.edu/~sirenko
3. Course components:

5 HWs, 2 CQZs, Final Exam

20% 15%+15% 50% = 100%
50% D 60%C 65%C+ 70%B 75%B+ 80% A



Lecture 1

Prerequisites:
E&M | from Fall 2012
Chapters: 1, 2, 3, and 4

Vector algebra

Electrostatics

Laplace Eq., Images, Expansions,...Diff. Egs.
and Electric Fields in Matter

Ability to solve problems and use your knowledge



Vector Algebra N ] p

“del” v _« 3 e ) 3 3 .F_;;Tg._,,
— AT - ~ Y
0x Jy 0z / 1 \

I. On a scalar function T : VT (the gradient);
2. On a vector tunction v, via the dot product: V - v (the divergence);

3. On a vector function v, via the cross product: V x v (the curl).
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(1) Divergence of gradient: V - (VT). * (2)
(2) Curl of gradient: V x (VT).
The divergence V - v is a scalar—all we can do is take its gradient: Also need

(3) Gradient of divergence; V(V - v). Boundary conditions!

The curl V x v is a vector, so we can take its divergence and curl:

(4) Divergence of curl: V- {V x v).
(5) Curl of curl: V x (V x v).
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Vector Algebra

Spherical Polar Coordinates

Cylindrical Coordinates

| Dirac Delta Function
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Electrostatics
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(a) Continuous
distribution

(¢) Surface charge, ¢
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(d) Volume charge, p



Electrostatics

Poisson’s Equation and Laplace’s Equation

0
vViv=-1, Vv =0.

€0

Electrostatic Boundary Conditions
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Electrostatics ) o
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Monopole Dipole Quadrupole
(V~ UUr) (V ~ 1/rd) (V~1/rH)

R3

V(r.6) = —Eg | r — = | cosé.
2

a(f) = 3epEgcost.
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Problems: Electrostatics

(a) Sphere  (b) Needle (©) Wafer

P.I - Eﬂ(x{’x,x E_r + xe_x_rE'V + xEI:EE)
Py = €p(Ye, Ex + XEJ-,;Ey + IEJ;;EE)
Pz = EU(XF;_T EI + Xﬂz}‘ E:}’ —I_ xezz Ez)
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Syllabus for Spring 2013:
Chapters 5,6, 7,8,9, 10, 11 +
Optics of Magnetoelectric materials

+
week Tapic Reading HW
Materials
1 Jan 24 Magnetostatics Ch.1-4
repeated
Ch.5
2 Jan 31 Magnetostatics (cont ) Ch.5 HW1:
3 Feb 7 Magmetic Fieldsin Matter Ch. 6
a4 Feb 14 Magmetic Fieldsin Matter Ch.6 HW2:
5 Feb 21 Electrodynarrics Ch.7
6 Feb 28 Electrodynanmcs / Maxwell Ch.7 HW3:
Eqgs.
7 March 7 Conservation Laws Ch.B
3 March 14 | Conservationlaws Ch.8 HW4:
g March 28 | Electromagnetic Waves Ch.9
10 April 4 Electromagnetic Waves Ch.9
11 April 11 EMW in Magnetodectics HW5S:
12 April 18 Potentials and Felds Ch. 10
13 April 25 Radiation Ch.11
14 May 2 REVIEW Ch.1-11




Magr\EtOStatICS Two main questions:

e What is the m.f. produced by a current ?

e What s the force on a current due to
the m.f. ?

Wire 1 Wire 2

(a) Currents in opposite (b) Currents in same
directions repel. directions attract.
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Magnetic Forces
1. moving charge (e.g., electron)

Fmag —_ Q(‘F X B},

F = Q[E + (v x B)].

7
vﬁ-

Cyclotron motion  ¢vB=m—. or p= 0Bk

AR |
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1[’3 v=wR =

Cycloid Motion
v=1(0.5,5), OW,

[

vx B = = Bzy— Byi,

D e
o tete tly
= Fae

F=QE+vxB)=Q(Ei+B:y—Byi) =ma=m(3¥+57).

OBz =my, QE-QBy=mi. w =

. - - (E t)
i=wi, I=w{—-—-Yy].
Y B ¥

¥y = Cycoswr+ Cosinwt + (E/B)t + (3,
2(t) = Cacoswt — Cpsinwr + Cy.
E , E
v= 0, y(1) = —(wi —sinwt), z({) = — (1 ~ coswt). _E
wB wih R = E;
2 : 2 2 E
(_}?—RQJI) +{Z_R) = R~". Lr:mR‘ZE
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Current

[ =V

Finag = [ 1(dl x B).

Fmag :ff({ﬂ X B)

NONNNNAN

1A=1C/s.

Fmng(va)dq=[(va)Ad!=f{IxB)d!.

Magnetic Forces do not work Lo ]

Wmag = Fmagh = IBﬂh,
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Current Density

Finag = f(v x B)pdrt =f(J x B)drt.

i.e., Local charge conservation

Spring 2013, NJIT
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The Biot-Savart Law

Steady Currents
Stationary charges = constant electric fields: electrostatics.
Steady currents ' = constant magnetic fields: magnetostatics.
o fIxa ,  uo dY x » 1 p(r'y,
B(r) = =2 arr = 22 . E(r) = f b
®) 4 J A% 4n f 22" W= e ) M
: %
IT=1N/(A-m). po=4drx107" N/A?, 2
€ =885x 10717 ——.
N - m?
P
v
dl’
(a) Continuous (b) Line charge, A
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distribution

(c) Surface charge, ¢ (d) Volume charge, p
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The divergence and curl of the magnetostatic field are
‘ V.-B=0, (no name); [ V.E=Lp (Gauss’s law)
VxB=pungJ, (Ampere’slaw). VxXE=0, (no name),

Stokes theorem:

f(‘? }c:B}«da=fB-dl=,ung-da.

§ B * dl — Mﬂfﬁnci

Electrostatics : Coulomb —  (3auss,
Magnetostatics : Biot—Savart —  Ampere.



The Divergence and Curl of B

Loop

Wire

Straight-Line Currents

dl x a

lﬂdﬂ———rf

B(}_“ﬂf

a2 *7

ppd
2oy

f dl = upl.

nol I
B=—, _ i _
275 ?gﬂ'd"?gzm‘”‘

cylindrical coordinates (s, ¢, z)

ol ~
N 2:rs¢

=ds§+sdpd+dzi

Boundary line

dl
ol
B-dl= - = —
% 27 [ s sde 27 Jo

Stokes’ theorem

f B dl = o lenc.
f(?xB)—da=gan~da,

fenc = f-l -da, :

V xB=pupl
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The Divergence and Curl of B

po [Jr)x2
“for the general case B = — —dt’.

B 1s a function of (x, y, z),

J is a function of (x', ¥, 2'),
a=x—x)X+0—¥)§y+@z—-2"z,
dt’ =dx'dy'dz’.

457 22
v (Jx$)=§.(v <J)—1J (?x%)
VxJ=0 Vx@#sir)=0

=3 5 (F") = S+t =+ 2
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Find the maenetic field of an infinite uniform surface current K = K X, flowing over the xv
plane

i

Sheet of current K

\'..

e |

Amperian loop

X

%’B*dl =EB£ =lﬂ;ﬂfgnc :;-[{]K£1

B— [ +{ug/2)K ¥ for z <0,

—{pn/2)Ky  for z = 0.

“parallel-plate capacitor”

Spring 2013, NJIT
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the magnetic field of a very long solenoid,

I-
- |

(:_-&'...%

Amperian loop 2 !
e A Amperian loops

URURURVA
|
g

fn dl = By (2ms) = puplene = 0,

%ﬂ dl = BL = pglenc = puoni L.
onl Z,  inside the solenoid,

0, outside the solenoid.

“parallel-plate capacitor”™ d s
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B(r) =

Spring 2013, NJIT

NI

2rx

G1

B2ms = ;[Lﬂf'enc.

-

.

for points inside the coil,

for points outside the coil,
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(Gauss’s law)

(no name).

I V-B=10, (no name);

VxB=pugJ, (Ampere’slaw).

@

(a) Electrostatic field (b) Magnetostatic field .
of a point charge of a long wire StOkes theorem-

f(v )(B}*dfi:fﬂ-dl:ﬂﬂf,]-dﬂ.

f}g B -dl = polenc.

F=0E+vxB)

Spring 2013, NJIT

The divergence and curl of the magnetostatic field are
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Magnetic Vector Potential

E=-NYV,

Poisson’s equation:

B=V xA.

V-A=1(

VXxB=Vx(VxA)=V(V-A)— VA = pupl.

24 !
VA = ,LLDJ,J

A(r) = Hﬂf«l{rjdrr'-
4 A

po [ 1 ol
A= — dl
4 A 4 3
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-dl'=— [ -dl’

3 of them for x,y,z

K  ,
Azﬂ —da'.
ds A

24



A spherical shell, of radius R, carrying a uniform surface charge o, is set spinning at angular
velocity w. Find the vector potential it produces at point r

A = 20 [ RO

da’.
4 3

where K = ov.2 = v'R2 +r2 — 2Rrcos0', and da’ = R? sin6’ d0' d¢’. Now the velocity
of a point r’ in a rotating rigid body is given by @ x r'; in this case,

- Ay oo

X ¥ z
V=@ XTI =| wsiny 0 @ COS Y
Rsinf'cos¢’ Rsind'sing’ Rcosd’

&
manens A

= Rew[—(cosy sin@'sin¢’) X+ (cos ¥ sin®’ cos ¢’ —sin ¥ cos0') ¥ + (sin ¥ sin@’ sing) 2].

Notice that each of these terms, save one, involves either sin¢’ or cos ¢’ Since

2 2T
f sin :ﬁ*dc;*,-" = f cos ¢’ dop’ = 0,
0 0

such terms contribute nothing. There remains

A = _ngﬁ'?'crmsiugﬁf f" cosf’ sind’ a0\ 5.
2 0 s/R2+r2—2ch056"
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A spherical shell, of radius R, carrying a uniform surface charge o, is set spinning at angular
velocity w. Find the vector potential it produces at point r
Letting u = cos @', the integral becomes

1

+1 R2 421 Ry N
[ - du:—{ +rj—z r“}¢R2+r3—2Rr1:|
~1 RZ 4+ 2 —2Rru 3R<r |_[

I
T 3R%,2
If the point r lies inside the sphere, then R > r, and this expression reducesto (2r/3R>): if r lies
outside the sphere, so that R < r, it reduces to (2R /3r2). Noting that (@ x 1) = —wr siny §.
we have, finally,

2

[{Ez + 12+ ROIR —r|— (R 12— Hr}(R—l—r]]_

R
Koo (ew x 1), for points inside the sphere,
A(r) = s (5.66)
R .
m:; 3 ? (@ xr), for points outside the sphere.
3r

Having evaluated the integral, 1 revert to the “natural” coordinates of Fig. 5.45, in which @
coincides with the z axis and the point r is at (r, &, ¢):

R -
Ko ;wcr rsind ¢, (r = Ry,
A(r, 0, ¢) = ‘ . (5.67)
Rwo sind
anl 3 .F"Q ¢ (r = R}

Curiously, the field inside this spherical shell is uniform:

Bov x AL 2HORwo

. 2 . 2
(cosf F—sinf @) = 400 Rwi = ingoRm. (5.68)



The divergence and curl of the magnetostatic field are

I
‘ V.-B=20, (no name); V- -E=—p, (Gauss’s law)
€0

VxB=pungJ, (Ampere’slaw). VxXE=0, (no name),

Electrostatics : Coulomb —  (3auss,
Magnetostatics : Biot—Savart —  Ampere.



Boundary conditions
f B-dl = (Byypoy. — Bloyon ) = Holene = jt0K1,

J
Bah&ve T Bll!elow - ,LL{]K.

1 _ ol
Bab{we " Bl:relm-.r‘

Bﬂhﬂw’: — Brelow = 1o (K x ﬁ),

Aabm'r: — Ahelﬂw :

H'Aulmm aAbelnw

= — oK.
an an Ho




