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Problesn 1.37 Express the unit vectors #,6, § in terms of &, §. & (that is, derive Eq. 1.64).
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imverse formulas, giving £, §. & in erms of £, 4, § (and 0.4). D’“’ o ofasd
f = sinGcosgpi+sinfsing§ + cosdi, } '

é cosfcos¢ X+ cosfsiné ¥ —sinbi. (1.64) —7

¢ : —sing &k +cosd ¥,

._ There are many ways to do this one—probably the most ill;ni:mng way i3 to work it out by trigonometry
from Fig. 1.36. The most systematic approach is to study the expression:

r=zR+yy+z8=rsinfcosdk 4 rsinfsing + rcosfs.

- . -‘E“
 If T only vary r slightly, then dr = £ (r)dr is a short vector pointing in the direction of increase in r. To make— - :
it & unit vector, I must divide by its length. Thus: :
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£ =sinfcos ¢ + sinfsin @ § + cosh2; 18£1* = sin® @cos? ¢ -+ sin? Fsin? ¢ + cos?d = 1,
=rcosfcosdk + rcosfsingy — rsinfsg; Iﬁlz-—-r’cos’ﬂcos’db-f—r’cos’ﬂsin’qb+r28in20=r’.
ﬁ = —rsinfsin Rk + rsinfcosg §; [ﬁl’ =r2gin? §sin’ ¢ + ¥ 3in® foos? @ = risin’g.

E=¢infcosdR +sinfsind§ + cosh 2. —
4

=10 = cosOcosdR +cosfsing ¥ —sinds.

¢ =—sing% + cosgy.

Check: §-# = sin’ 6(cos” ¢ + sin® §) + cos? 8 = gin? @ + cosf = 1, v
é-a=»eosasin¢ooa¢+¢ouasin¢m¢=o. v etc.

sinf i = sin® fcos ¢ %+ sin® 9sin @ § + sin § cos F &.
0800 = cos? f cos p % + cos? fsin § — sin Hcosd 3.
Add these:
(1) sinff+cos08 = +cosdg +singy;
(2) ¢ = —singf +cosgy.
- Multiply (1) by cos ¢, (2) by sing, and subtract:

=

% = sinfcoag? + cosfcos ¢ b — nin ¢ .
 Multiply (1) by sin ¢, (2) by cos¢, and add:

¥ =sinfsing# + cosfsinéf + cos ¢ §.

- cos@f =sinf@cosfcos % +5infcosdsin g § + cos? 92,
~ 8in80 = sinf cosfcos $ % + sin f cosfsin ¢ § — sin? 03,
Subtract these:

2 = c0s0F — 5in89. | L
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Problem 1.38 /@\v )t QAV da L |

(l)Checkmedivwmﬂmnfordm funchon v} = r#, using as your volume the sphere
of radiys R, centered at the origin,

b) Do the same for v2 = (1/rd). (If the answer surprises you, look back at Prob. 1.16.) —y
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derive
Pnﬂ-uln;pnummmmﬂmlj 2 meoms of £.§. & (that is.
Bq.HS) “Havest™ your formules to get &, §. 3 in terms of &, &. £(and 9).

cos¢ £ 4 sind¥,
—n_l¢§+oos¢§ (1.75)
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Problem 142
(n) Find the divergence of the fanction

v ==s(2+sln2¢)i+uin¢_eos¢$+3z 4
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