PHYSICS 301 Tutorial #8 — quiz Name: S0l ¢
Nov. 21, 2024 Student Number:

(1*Y) 1. Consider the following three vector potentials in Cartesian coordinates: N\
o A = pugKz3 R =¥

o Ay = oKz (& +9) A

¢ As = oK (222 +x2) = X

0

Which two vector potentials result in the same magnetic field?

]
(a) A 02
b) A; and A A, AD Az

2 3
(d) They all result in different magnetic fields.
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(1rt) 2. Consider the following two vector potentials in Cartesian coordinates:
e Ay = Kz (& +79)

* Ay = oKy (2 +9)
Which one of the above vector potentlals satisfies V2A = —ppJ7 7
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(c) both A and A,
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VECTOR DERIVATIVES VECTOR IDENTITIES

Cartesian. dl=dxX+dyy+dzz;, dtv=dxdydz Triple Products

f —B. =C. B
Gradiens:  Ve= L3y 004, 0, | (1) A-BxC)=B-(CxA)=C-(AxB)
dx dy 9z

2) AxBxC)=BA-C)—-C(A-B)

. AV, vy v,
Divergence: V.v=— 4 —2
dx 3y = 0z Product Rules
Curl: '~ Vxv= (3”1 - %) %+ (av" - avz) v+ (a& - 3”‘) 7 3 V() =f(Ve)+s(V[)
ay 0z 0z ox 0x dy
52 2t 9% 4 VA-B)=Ax(VxB)+Bx(VxA)+A-V)B+ B -V)A

Laplacian: V= — + — 4+ —__
S s 5) V-(fA) = f(V-A) +A-(V])

Spherical. dl:drf'-{—rd@(;—i—rsinedqbd;; dt =r’sin@drd d¢ 6) V-(AxB)=B-(VxA) —A-(VxB)

ot . 10t 1

Gradieniz . Vi oo +?£0+rsmea¢¢ (7 Vx(fA) = f(VxA) —Ax (V)
; . _19 , 1 a3 . 1 9v, 8 VxAxB)=B-V)A—(A-V)B+A(V-B)—B(V-A)
Divergence: V - v = r_ZE(r v) + Tﬁ(sme vg) + rsin9%
Second Derivatives

curl:  Vxv= —— |2 (sing dug |4
e V= oing [ag G0V — 5 | T ©) V-(VxA) =

T L w8 o+l 2w —2%]4 (1) Vx(Vf)=0

+r[sin0 9 Br(rv¢)]0+r[8r(rv9) ae]"’

(11) Vx(VxA)=V(V-A) —V2A

it V2 19 (,d " 1 3 /. i ot N 1 0%
Laplacian: = — — " (sin
P 2or\" ar) 7 r2sing 39 30 ) " r2sin’0 992

Cylindrical. dl=ds§+sdp+dzs; drv=sdsdpdz

FUNDAMENTAL THEOREMS
et wro g 10
Gradient: Vit = rp s ) ¢+ %
19 19vy,  Ov, Gradient Theorem : fab(V f)-dl= f(b) — f(a)
Divergence: V -v = ——(s V) + — 539 + 3—z~
Divergence Theorem: [(V-A)dr =¢A-da
Cipl V x 18v 3v¢ ,\+ Bvx_al +l 3( )_81).Y " 3
. V=155 |3 |8 as o 50 |* Curl Theorem: [(VxA)-da=¢FA-dl

18 ( ot 19% 9%
o - 2
Laplacian: Vt_;a( $)+s_28752+ﬁ



BASIC EQUATIONS OF ELECTRODYNAMICS
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FUNDAMENTAL CONSTANTS

Maxwell’s Equations

In general: In matter:
| ‘.
V.-E=—p V-D=p;
€0
V xE= . 0B VxE= _9B
ot at
V-B=0 V-B=0
oE aD
VxB= — VxH= o
mod + ro€o o Jr+ a1
Auxiliary Fields
Definitions Linear media:
D=¢E+P P=¢yx.E, D=cE
1
H=—B-M M = x,H, H:lB
Mo w
Potentials
d0A
E=—VV—¥, B=VxA

Lorentz force law

F=gE+vxB)

Energy, Momentum, and Power

Energy:

Momentum:

Poynting vector:

Larmor formula:

1 1
U=- / (60E2 + —32) dt
2 Mo

P=¢) [(ExB)dr

1
S= —(E x B)
Mo

Mo
2(12

P=—g

6mc

€0 =8.85 x 10712 C?*/Nm?
o =4m x 1077 N/A?

¢ =3.00 x 10°m/s

e =1.60x10"1°C

m =9.11 x 1073 kg

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

(charge of the electron)

(mass of the electron)

SPHERICAL AND CYLINDRICAL COORDINATES

Spherical

x = rsin6 cos ¢
y = rsin@ sin¢
z =rcosf

ro=x2+y?+72
6 = tan~! (\/x2 + yz/z)

¢ = tan"'(y/x)
Cylindrical

X =scos¢

y =ssing

2=z

s = /x2+y2

¢ = tan™' (y/x)
=z

% = sin6 cos ¢ £ + cos 6 cos ¢ 6 — sin Y
y = sin@sin ¢ T + cosOsin ¢ 6 + cosp @
Z =cosfAr—sinf o

F =sinfcospX+sinfsingy+cosdz
0 = cosOcospX+cosfsingy —sin 02
¢ = —singX+cospy
ﬁ:cos¢§—sin¢q§

y =sin ¢S+ cosgp ¢

i=1

S =cospX+singy

¢ =—sinpXx+cosgpy

i=1



