PHY673 Mathematical Physics I (F10): Exam 1

Name:

Equations:

€ijkEilm

Vip(q;)

V’V(qz‘)
VxV

V .dS
S

V .dl

r

/ (uV?v — V) dV
v

Time: 8:30-9:30
No. questions: 3 (60 points)

5jl(5km - 6jm6kl7

o\’ Jy 2 9z \°
<%)'+Qm>+<%)’
1 0y 1 oy 1 oy

—— +e——— +e3——,
e1h1 3Q1 e2h2<9€I2 e3h3aCI3

1 0 0
— (Vihsoh —(Vohsh
hihohs [8(]1 (Vl ? 3>+ 3% (VQ ’ 1)+
1 eihy exhy eshs
0 0 0
oq 0q2 9q3 )
Mahohs | N naVy haVs
/vvmc
v
/(v X V)-dS,
s

j{(qu —ovVu) - dS.
s

0

0qs

(Vahiha)|



1. (a) Show that [5]
VX (fV)=fVxV4+VfxV.

(b) Evaluate V x r. [5]

(c) Using Gauss’ theorem or otherwise, show that [5]

ﬁﬁSKP:AWxPNV.

(d) The field of a magnetic dipole of moment M, placed in a vacuum at the origin,
is given by H = —V(), where € is the magnetostatic potential 2 = —(1/47)M -
V(1/r). Show that [5]

H = (1/47)[3t(M - r)r* — Mr~?].

2. The 2D parabolic coordinates (u, v) are defined in terms of the 2D cartesian as follows:

1
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and
0<pu<oo,—00 <V < +00.

(a) Show that the scale factors are [5]

hy = h, = (u> +v*H)"V2.
Obtain an expression for the gradient operator. [5]
Obtain an expression for the divergence of a vector. [5]

)
)

d) Obtain an expression for the Laplacian operator. [5]
) Give the Laplacian in spherical polar coordinates. [5]
)

Separate the Laplace equation in spherical polar coordinates giving the resulting
ordinary differential equations. [10]

(c) If the separation constant in the radial equation is written as [({ + 1), show that
the general solution to the radial equation can be written as [5]

R(r) = Ar' + Br~ ),



Exam Solution 1

1. (a) Using Gauss’ theorem
fveas=[v-vav,
s v

with V = P X a, and a being a constant vector,
ijxa-ds — /v-(an)dv
s 1%
a-yde><P - a-/(VXP)dV
s 1%

dSx P = (VxP)dv.
1 Jo

Vx(fV) = €0;(fVi) = €ije(0; f) Vi + €ijifO; Vi
= fVXV+VfxV.

V x r, = €Z‘jkajIk = 5ijk6jk =0.

H = —VQ:iV <MV1>
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(b) The Laplace equation is
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(c) Writing k3 = I(l + 1),
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R(r) = Arl + Br=(+1),
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