Problem 1.13
a=(z—-2)x+Y—-y)¥+(z—-2)% 2= (z-z)2+(y—-y")? + (2 —2')2
(a) V(22) = £z — 2"+ (y—¢)? +(z - ") %+ %()ff-l» Z0z=2@-2)%+2y—-y)§+22—2"% =24

b)) VE) =L&lc—22+@-¢)?+ (-2t 2+ £0-ty+ £0 12
= _%0;%2(1 —2) -0ty -y)y - L0322 -2")2
=0 H-2NVX+@y-y)¥+(z-2)2 = —(1/2°h = —(1/2*)k

(c) Z(") =na""18 =nan1(1124,) = na" 14, 50 [ V(2") = na"1a

Problem 1.14 :
¥ = +y cos ¢ + z sin ¢; multiply by sin¢: ysin¢p = +y sindcos ¢ + z sin® ¢.
Z = —y sin ¢ + z cos ¢; multiply by cos¢: Zcos¢ = —y sin@cos ¢ + z cos? ¢.
Add: 7sin¢ + Zcos ¢ = z(sin? ¢ + cos? ¢) = z. Likewise, Fcos¢d — Zsing = y.
So %% = cos¢; 2 = —sing; g =sing; G = cos¢. Therefore

(V, =% =L &+ Y8 = +cost(Vf), +sing(V]),
+

Yy
; g—; = i d(V f)q - cos )V f). } So V f transforms as a vector. qed

Problem 1.16
3 s
Vv = EEEEEE) = & [ola” +7 42 )-e] -2 [y<m2 +97 +2) ]+ £ [2(? +47 + 297

=0 +2(-3/2)07 320+ 073 +y(-3/2)0 32 + 0% + 2(-3/2)( %22

=32 -3 B PP+ =2 -4 =0
This conclusion is surprising, because, from the diagram, this vector field is obviously diverging away from the
origin. How, then, can V.v = 07 The answer is that V.v = 0 everywhere ezrcept at the origin, but at the
origin our calculation is no good, since r = 0, and the expression for v blows up. In fact, Vv is infinite at
that one point, and zero elsewhere, as we shall see in Sect. 1.5.

Problem 1.17

v, = oscﬁvuy + sin@v,; U, = —sin@vy + cos pv..

87, ov, - Suy 8 dvy 82 du Bu; Oz : .

—¥ = - [ Y YUY —k L5 gy -

= ay cos¢ + 5 ¥ sin¢ (a? 55 T 52 35) cos ¢ + (—‘ + 5 5 sin ¢. Use result in Prob. 1.14:
= (8—;: cos@+ 3 ﬂ'— singb) cos¢ + (%; cos ¢ + % sm¢) sin ¢.

ov: _ 8v — _ (Bvw By  Buy 0z Ouy Oy | Ov; 0z

B = -Gt sing+ G cosg= (By o: + 5z 0z) Siné+ (555 + -5 ) cosé
= ( %smqﬂ:+§:—cos¢) 51n¢+(—'9—”‘-sm¢+—lco ¢) cos¢. So-

E"‘-+B—§£=B—"~"—cos‘*¢p§+33 Smdlcosq‘)+%‘sm¢cos¢+@'-sm ¢+@"-81n ¢ - —"—smgboosqﬁ

g—';’ismfjﬁcosé-l*g‘i‘-cos ¢
= %% (cos? ¢ + sin® ¢) + 2 (sin? ¢ + cos® ¢) = %4‘% v

£
Problem 1.18
. . )
@) VXve=| & g'y 2 | =%(0—622) + (0 +22) + 2(3z2 —0) = | —6xz X + 22§ + 327 4.
22 3z2° —2zz
x ¥4y
b)Vxvi=|2& & 5 |=%0-2)+§(0-32)+2(0-2)=|-2y%X—32y 22
: xy 2yz 3zz
% % Z
(c) Vxve=| & = D | = %(2z—22) +§(0 - 0) +2(2y — 2y) = [0.]
y*  (2zy+2%) 2z
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