Spring 2021
Physics 441
Exam 1

Dr. Colton, cell: 801-358-1970

barcode here

No time limit. Student calculators are allowed. One page of handwritten notes allowed (front &
back). Books not allowed.

Name

Instructions: Please label & circle/box your answers. Show your work, where appropriate! And
remember: in any problems involving Gauss’s Law, you should explicitly show your Gaussian
surface. For all problems, unless otherwise specified you may assume that you are dealing with
electrostatics, i.e. the charges are not moving and the fields have come to equilibrium.

Griffiths front and back covers

VECTOR DERIVATIVES VECTOR IDENTITIES
Cartesian. dl=dxX+dyy+dz2; dr=dxdydz Triple Products
o at ., ot
Gradient : Vl=5vx+,)_y+a_z () A-BxC)=B-(CxA)=C-(AxB)
X ay z
) du, v B, 2) AxBxC)=BA-C)-CA-B)
Divergence: V -v = —
ax dy 9z
. Product Rules
g Bv vy . vy du.\ L dv,  duy \ . X )
Curl: VXxy= ()7) (3_ dl‘)er(a"" —W)z 3) V(ife)=f(Ve)+g(vVf)
X N g; 92t 4 VA B =Ax(VxB)+Bx(VxA)+(A-V)B+B-V)A
Laplacian: V>t = ’ Pyl
O )" bl
. A 5) V-(fA)=Ff(V-A)+A- (V)
Spherical. dl=drt+rdf 8 +rsinbdg ¢, dr =r’sinfdrdb d¢
©® V- AxB)=B-(VxA)—A-(VxB)
5 g ar . 191 4 1
Gradient: Vi=—ft+-— ¢
ar rof rsm()d(b (7)) Vx(fA)=f(VxA)-Ax(VY))
) 1a 1 1 9y,
Divercence: Vv = — — (52 - Y _ < — . . - .
ivergence v 2 r°v,) + —— proeiey, (bll]ﬁ vg) + TG 39 Q) Vx(AxB)=B-V)A—(A-V)B+A(V-B)—B(V-A)
) Second Derivatives
Curl: Vxv= 10[d(|n(91¢)-—7—lﬂ:|
rsin P ©) V- (VxA)=0
+ 1 1 du, 0 i é 1[0 v, |
; mad)—a(”w):’ Jr,fl:a—;(rt’ﬁa)—ag]fﬁ (10) Vx(Vf)=0
. P . — . — 2
Laplacian: Vzt—ii(rzd—t)+ ! g iint'iﬁ +*1£ () VXV xA)= V(V.sA) — VA
ar \" ar/ " rZsing 90 86 ) " rZsin’ 6 d¢p?
Cylindrical. dl=ds8+sd¢+dzs: dv=sds dpdz
0t Lot~ ar FUNDAMENTAL THEOREMS
Gradient: Vi= - Zs
35 s 0 dz
: 19 1dvy 8 .
Divergence: V.v = ——u—(ﬂ o) + . *;rb ki Gradient Theorem: f:(V f)-dl= f(b) — f(a)
i _— [ldl_‘j“ :’s+[dv v, $+l i(.wﬁ)fav DivergelllceTheorem: J(V-A)dr=¢A da
dp 9z 9z ds s | ds dp |
Curl Theorem: J(VxA)-da=FA-dl
: 13 1 0% 9%
Laplacian: 2t = S+
iplacian Ve = e ( d\) + Sy + o

Special case derivatives:
(similar things true for 2)

V-— =4né(r)

N| -

21
V= —4n5(r)
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BASIC EQUATIONS OF ELECTRODYNAMICS

FUNDAMENTAL CONSTANTS

Maxwell’s Equations

In general:

V-E:ip
e()‘
VxE:—ﬁ
at
V.-B=0

Auxiliary Fields

Definitions :

D=¢E+P
1
H=—B-M
o
Potentials

Lorentz force law

Energy:

JE
VxB= #0J+Il-050[.—

Energy, Momentum, and Power

Momentum :
Poynting vector:

Larmor formula: P = —

In malt‘er: o =4 x 1077 N/A?
‘ -
V.-D=p; ¢ =3.00x 105m/s
aB
VxE=—E e =1.60x107°C
V-B=0

. m =9.11 x 103 kg
VxH:J,+@
at ’ ot

€ =8.85 x 10 12C*/Nm?

(permittivity of free space)
(permeability of free space)
(speed of light)

(charge of the electron)

(mass of the electron)

SPHERICAL AND CYLINDRICAL COORDINATES

Spherical

Linear media:
x =rsinfcos¢
P=¢yx.E, D=c¢E y=rsinfsing
1 z =rcosf
M=y,H H=-B
“

E=-VV - —, =
= B=VxA &= ' (y/)
Cylindrical
F=¢(E+vxB) X =scos¢
y =ussing
1=z
! ;2 . 2 ) 2
U=§/(éolz +%B>d7 5 = /X,I_,_y.
¢ =tan"'(y/x)
P=¢ [(E xB)dr 2=z
1
S=—(ExB)
2501
Mo 5 o
():»T('q “

Y g

9A 0 =tan ! (V37 + yﬂ/z)

f(=sin{)cosd)f—%cos@cosq&é—sinqbé
§ = sinfsin ¢ T+ cos@sin ¢ +cosp
Z=cosft—sinb o

£ =sin 6 cos@pX +sin Osing§ + cosO Z
6 = cosfcospR+cosOsing§ —sin 62
¢ =—singX+cosp¥

% =cosp§—sin ¢
§=sinpS§+cosp @

=1

§ =cospX+singy

$ = —sinpXk+cosgy

=1

Some miscellaneous mathematical stuff:

in[}:= (* consider "rp” to mean "r prime” x)

inz)= Assuming([a > @,

a
oupzi 5 - 5 @

2r
e a

in@)= Assuming[a > @,

out[3l= =

in4)- Assuming[a > @,

a2 1,
ous -z ae

2r
2

in5) - Assuming[a > @,

aZ
outsl= -

nEr= Assuming[a > @,

a2 1
oue= -z e

2r
a

in[7)- Assuming[a > @,
Expand
83

outr= -

Integrate[Exp[-2rp/al, {rp, @, r}] 1 // Expand

Integrate[Exp[-2rp/a]l, {rp, @, Infinity}]] // Expand

Integrate[Exp[-2rp/a] rp, {rp, @, r}]] // Expand

1 _2r
“ae 2
2

r

Integrate[Exp[-2rp/a] rp, {rp, @, Infinity}]] // Expand

Integrate[Exp[-2rp/a] rp*2, {rp, ®, r}]1] // Expand

Integrate[Exp[-2rp/a] rp”2, {rp, @, Infinity}]] //
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