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Department of Mathematics & Statistics

- Math 302
The Second

Major Exam 11
Semester of 2016-2017 (162)
Time Allowed: 120 Minutes
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Section/Instructor:

e Mobiles and caleulators are not allowed in this exam.

o Write neatly and eligibly. You may lose points for messy work.

o Show all your work. No points for answers without Justification.
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Maxinmum Marks

1 20
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3 15
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into spherical coordinates
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Q:2 (12 points) (a) Caleulate the distance between the points (3, T, —1) and (5,

eylindrical coordinates,
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(b) Find v* . where W = 10 7 sinf coso in spherical coordinates. 4
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Q:3 (15 points) Let f(ar, y.z
(1.3, -2} in the dircction V'~ (1
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7 Caleulate the divectional derivative at the potnt
(3, ~1.4) (Using the gradient).
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Q:5 (20 points) Let F =4 psing a, + 2 p cosd
L | ) 4 7 f ]

region of space.

(a) Verily that F is a conservative field.

(b) Find the electric potential V.
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Use the Fundamental theorem and potential function

Page 6 of 8

be the electric field on a certain
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Q:6 (15 points) (a) A point charge of 8 1C is locat

a uniform charge of 3 2 If the potential at A (C
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Formulae in cylindrical and spherical coordinate systems
Differential of displacement

Cylindrical: dl = dp @, + pd¢ ay + dz a,

Spherical:  dl = dr a, + rd0 @y + rsinf d¢ ay

Gradient of a scalar field, VV

. . av 19V . av . av 1 av av

_ylindrical: VV = — a, + - — —a, =< — = — —

C ¢ ap p+p@¢a¢+82 z ap’ p ¢’ 0z
. aV 1oV i oV av 1 av 1 av
Spherical: VV=—wa,+-—a — Uy < - — —
Spherical v ar T +r 20 9 " vsing ap P ar’r 80’ rsinf d¢

Divergence of a vector field, V - G

. _10(pGy) | 10(Gy) | 3(G,) o —
Cyhnduc:al.V-G-; app +; 5o +— , where ¢ =< G, Gy, G, >

18(r2Gr}+ 1 8(Sin969}+ 1 9(Gy)
rZz  ar rsin@ a0 rsing a¢

Spherical: V-G =
where G =< G, Gg, Gg >

Relationship between Cartesian, Cylindrical and Spherical Coordinates
A, cosgp sing 0\ /A
A, | = (—— sing cosg 0) Ay
A, 0 0 1/ \ A,

Ag cosfcosg cosfsing —sin6 y

A, sinfcosg sinfsing cosé Ay
_ ( ) A
Ay —sing cos ¢ 0 A,
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Differential of normal surface

Cylindrical: dS = pdeodz a,
dpdz ay
pdpde a,

Spherical:
dS =r*sin0do do a,
rsinfdrdeg ay
rdrdt ay

Curl of a vector field, V X G

Cylindrical:

e

a, pa, a,

11 J a
VxE=215 W wm)
Gy pGy G,

where G =< G, Gy, G, >

Spherical:
a, rag rsinfa,
1 a a F]
VXG= r2sing | or a6 Jp ’

G, 1rGg TSInOGy
where G =< G,., Gy, G >

Laplacian of a scalar field, V2V

indrical: V2V = 2.2 (p20) 4 L0 | 0%
Cylindrical: V V_pap P, +p26¢2+622

Spherical: VZV=-1-~?—(r2 QK)+ ! i(sinﬁgg-)—{- 1ot

r? dr ar r?sing 06 r?sin? 8 9¢?



