4 CHAPTER 1. VECTOR ANALYSIS

Problem 1.13

a=(z—z)R+@W-¥)¥+(z-20% +=/z-2P+{y-y)?+(z~2)3.
(a) V(aé) = 3";[(3—3')’+(y—y’)’+(z—z’)’]i+%()?+%()Q =2z-2)R+2y~-¥)9+2(z— 23 =24
®) V(3) = Fllz~ 2+~ v+ (- V4% + L0 g+ L0 4s

=-30-32z - 7Y% - $0 Y2y - )9 - 30~ F2(e - 2) 2
== H@-2)2+ (y~y)F+ (2 - z’)ﬁl = -1/ = —(1/5?). i

(€) £6") =na" 1§ = nan1($124,) = na" 4y, 30| V() = nam 14, I
Problem 1.14

¥ = +y cos¢ + z sin ¢; multiply by sin ¢: Fsing = +y sindcos @ + z sin® ¢.
% = —y §in§ + z cos ¢; multiply by cos¢: Zcos¢ = ~y sin P cos + z cos® §.

Add: 7sin¢ + Zcos ¢ = z(sin? ¢ + cos® ¢) = 2. Likewise, Fceosd — Zsing = y.
So %% = cos ¢; % = —sindg; g% =sin¢; 5% 92 — cos¢. Therefore .
v, = i 3% + yf% +cos $(V )y +sin g(V ),
©n, == 51 + 8202 - _ing(V]), +cosg(VS), So Vf transforms as a vector. qed
Problem 1.15
@) Vevy = £(2%) + £(B22%) + £(-222) =22 +0- 22 =0.

(O)V-vs = Elzy) + &Qu2) + £(322) =y + 22 + 3z,

(@OVve = Z(17) + &(2zy +2*) + £(292) =0+ (22) + () = 2z +y).
Problem 1.16
) VV_.E—(;,)+3¢(J§)+3—(-,)-—3— z{z? + y? + 2%~ ¥]+3- [y(z +y? 4+ 2% §]+3—[z(z +y? +2%)" i]

=0 4 2(-3/2)07822 + 0~ 1 + u(-3/2)0- 42y + 0~ + 2(-3/2)) 22

=3r -3 %2 +2+22)=3r3 -3r 3 =0
This conclusion is surprising, because, from the diagram, this vector field s obviously diverging away from the
origin. How, then, can V.v = 0?7 The answer is that V.v = { everywhere ercept at the origin, but at the
origin our calculation is no good, since r = 0, and the expression for v blows up. In fact, V.v is infinite at
that one point, and zero elsewhere, as we shall see in Sect. 1.5.

Problem 1.17

= cos pvy +8ingv,; ¥, = —sindyy, + cosPv,.

coag + G sing = (%’;'-g% + -'}";-g%) cos ¢ + (%";g% + & %) 8in ¢. Use result in Prob. 1.14:

%3;- cos ¢ + P sin¢) cos ¢ + (%'—;1 cos ¢ + %‘-’} éinqb) sm¢

% m¢+ cos¢—--(8" g%+%}£%) sin¢+( +-5-1%) cos¢
isE‘f,'lisuu;t5+3-'lcos:,f:) sm¢+( %—‘;lsin¢+%;cos¢) cos¢. So-- . |

%’-+ 8"” cos ¢+-5-'-sm¢cos¢+%snn¢cos¢+-;lsin’¢+%sin’¢—%sin¢cos¢
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