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Problem 1

Here is a picture of the differential volume element in Cartesian coordinates
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Using this figure match the items in the left column with those in the right
column.

(@) dr from A to B (i) dydzi
(b) d¥ from A to D (it) — dedzj

(¢) dF from A to E (ii1) dx dyk
(d) dS for face ABCD (iv) —dxdyk
(e) dS for face AEHD (v) —dzxi
(f) dS for face DCGH (vi) dyj
(9) dS for face ABFE (vii) —dzk

Problem 2

Here is a picture of the differential volume element in cylindrical polar
coordinates. You should realize that although it does not look like a box as
in the previous problem it becomes one for the small differentials used. Please
appreciate the beauty of the differential in calculus!
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Using this figure match the items in the left column with those in the right
column.

(a) dF¥ from E to A (1) —pdopdzp
(b) di¥ from B to A (i1) —dpdz¢
(¢c) di¥ from D to A (ii3) — pdpdok
(d) dS for face ABCD (iv) pdpdpk
() dS for face AEHD (v) —dpp
(f) dS for face ABFE (vi) — pd
(g) dS for face DCGH (vii) dzk
Problem 3

Here is a picture of the differential volume element in spherical polar
coordinates. You should realize that although it does not look like a box as
in the Problem 1 it becomes one for the small differentials used. Please
appreciate the beauty of the differential in calculus!
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Using this figure match the items in the left column with those in the right
column.

(a) d¥ from A to D (1) — r?sin 8dBdo 7
(b) d¥ from E to A (i) — r sin Odr d¢ 6
(¢) d¥ from A to B (i43) rdrdb ¢
(d) dS for face EFGH (iv) dr#
(e) dS for face AEHD (v) rdO6
(f) dS for face ABFE (vi) —r sin@de ¢
Problem 4

Using the figures in Problems 1, 2, and 3, prove to yourself that the following
expressions are true. It is very important that you see this!

(4-1) The displacement vectors or differential differentials in Cartesian,
cylindrical polar, and spherical polar coordinates are

di =dzi+dyj+dzk

di =dpp+pdod +dzk

di = dr7?+7rd06 +rsin@deo o




(4-2) The differential surface elements in Cartesian, cylindrical polar, and
spherical polar coordinates are

dS = dydzi+dxdzj+dedyk

dS = pdedzp +dpdzd + pdpdo k

dS = r*sin0d0dé+ +r sin@dpdrb +rdrdfd

(4-3) The differential volume elements in Cartesian, cylindrical polar, and
spherical polar coordinates are

dV =dxdydz

dV = pdpdOdz

dV = r?sin0dr d d¢

Problem 5

Evaluate the following surface integral
f A.d§
s

where



Problem 6

Determine the flux of ¢
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where

G(r) = 10e"%(p p, + k)

out of the entire surface of the cylinder

S=6+S, fS}



Problem 7
Determine the flux of D
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where

D =p?cos’Ppp+ z sing ¢

over the closed surface of the cylinder

p =4
0<z2<1

Problem 8
If

g(oa ¢) =
evaluate

[ 9(6,4)av

v

over the hemisphere of radius 1 centered at the origin where




Problem 9

Evaluate the line integral
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where

ff:pcos¢ﬁ+z sin ¢ k

and C is the edge L of the wedge defined by

as shown in the figure below
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Problem 10
1. Error in Problem Set I (Solutions): On Page 3 you should have

I @ (1=l & 1|

2. In the taped version of Lecture 1, I misspelled “Cartesian”.
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