Answers to Problems 717

Section 2.6, page 89

3 —2x a__x—-z. 9z _ 2 3z _ o :
L a) 5 = —2—21—5 L m b) 3% = y*cosxy, gl—smxy+xycosxy,d_u

x“+y)
2xy — 2x2 x+2y ety
9 g = —fﬂt’é—z:—f“!"?;f D &= w6 = e
©) zx = 3x(2 + Y% 2y =3y(2 +yHVE - 0) 2= (1~ 4277,
2y =2[1 — (x +2y)171% @) z, = €*(€ + 7Lz, = 2e(e? + nh
h) z, = —(y + 2)(x +22)~! v 2y = —(2xy + 22 4+ x2)Qyz + xy)~L.

2. Approximately fi(1, 1) = L&D /AD _3

or £l )= LEDTIOD g o g1,y = LEDIIOD o

It can be shown that the last value is “in general” the best estimate. For f,(1, 1) the
analogous formulas give the estimates —2, —2, —2. This topic is discussed in Problem 9
following Section 6.18. :

| x u 2 " cos v
3. a) (S%)y = Zax. (%)x =-2 b) (§%), =e“cosv, (3%), =e“cosy;
O (30), =1 (), =k & (&), =52+ 172, (), = xsecorans.

- 2
4. 2) ya'xy xa’x; b) xr;xiyzdz; o) (y — ydx+(x —x )dy

(1 —x—y)
d) (x —2y)*e™[(xy — 2y? + 5)dx + (x? — 2xy — 10)dy]; e) "ny x++yx’d

f) 43«;1 w; Y iyz 2+);/;fz}, 5. a) Az =4Ax +2Ay + Ax? +2AxAy,dz = 4Ax +2Ay;

- Ax—A _ Ax—A - _ (Ax—Ay)Ax+ Ay)
b) Az = xr?ﬁ%yvdz-—zt‘l' so Az =dz = g AT ay)
6. 2.2,2.4, 2.6.

Section 2.7, page 95
5 2 . 4.X] 212 . X2X3 X1XxX3 XjXxX2 |,
L [2 3]’ b) [3.:2 3x1]’ © [2.x|x3 0 i ]

cosy =—xsiny
d) [s'my X COS y]; e) (2xyz,x%z,x%y); 1) (2x,2y, —22);
2x 0

2 4,3 dyr | _[4 2]|dx _
g) col (21,317, 41°). 2. a) [ ] = [1 2] [dxz]’(5'18'2'06)'

o dxl
b) jy‘]= § g ‘g] I:dxz],(4.93.9.09);
| 4)2 i dxs
mdu 7 "0 =1
dx
¢ ldv =11 0] [d ],(—0.03, 1.1,2.2):
| dw _ | 2 0 y
"0 0 07
20 0
ddy=|2 0 - 0fagx01,...,1.
2 0 0

3. a) 9(x +y22%, b)) 0 © 2udviw; d) 422(x% - ).
4. a) ¢ =739; b) 7.44; ¢) du =edx;dv =edy,e* =7.39.
Section 2.8, page 100

- -1d log v ;
2 az Uuu HE + u logu 3 HX u 1og p x + _EEE 3; 2
4. 1. 5. 336. 6. 197.
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10. In all cases dz = 33—4 dx + g—l dy: a) dz =2cot(x2y? — 1)(xy?dx + x2ydy); "

2 _ 4 a4
b) dz = (2xy* —3x}y 2xyjldx +2(2xyy 3x%y — 2x )dy ) dz = xdx -{;EXdz'
X2 —

Section 2. 9, page 104

1. a) -3 up cos3xy —3x;sin3x; -3 0.
2u2+2 2ur + 2uy — 1 sin 3x; 3x1c083x; | 2 0

_ 2 2 2
by |2—3 2] ﬁ? 2; l: " ??53 3 4 1y
2uy+2 —2u; -3 273 PO wr T Gl (RS N T )
- : 2x1x2x3 Xix3 X1x2 :
- o2 ujet? 6e? 0
C) | e —uje ™™ :I [ixl __i ] [—29‘2 2¢~2 jl;
| 2u, 0 *1 4 2 |
0 2up ... 2up7 [2x1+x xi 4n—-1) nt4n-2
O 2up 0 ... 2u, 2x1 +2x0  2x4 4n—-1) n*+n-4
2u;y .. 0 2x1 +nx; nx; 4n—-1) n:+n-2n

13 —5 -9
2.8 31; b) -} 4 [_3 2‘;’]. 5. [16 2].

Section 2.11, page 116
1. a) 2x/z y/z; by —(yz+4xz+ 3z2)/(xy +2x2 + 6x2), —z/(y + 2x + 62);
©) —z/(3z2* + x 4+ 2y), —22/(32% + x + 2y);

d) —ze‘“/(xe” + ye¥t + 1), —zeY7 /(x€™ + ye¥t + 1), S |
ad 5 ¢d —_ 5 78 _ 5 ¢2d _1 .
2.(5),=-3(G)u=-760)=-3. (). =3 3 3x/uym
b) (xu + vy — ue’)/(e"t’ — xe* + xe¥ — x? + y2), (ve — xv — yu)/ (B

(et — xe* + xe¥ — x% + y?).

©) —(4xy + 2yu + u? — 2yuv)/(2xy + 2vy + xu — 2xyv), Quv — 2yv?)/

2xy +2vy + xu — 2xyv). 4. a) du = ;l,(dx +3dy+2dz),dv = —%(dx + 2d32);
d 1 ¢ . _ —

b) (Eﬁ e =5 (Bﬁ)M =0; ¢) u=3.033v=21.

5. Byu —4xu + 4x> +9xy + va)“l[? 3], where a = 8uv + 4u? — 8xy — 4xu,
b= —3u? - 8x> — 9xu,c = 4xy — 3y? — 6yu — 4xv — 9yv — duv — 8v?,

d=4x? =3xy+6xu+3uv. 6. a) 5, —1; b) —-1,3; ¢ —1,-1.

Section 2,12, page 121 _ |
2.a) u= gl;(x +2y),v = %(y —2x); b) J =35, J forinverse = %

3. a) J=4w?+v?), b) (3N)y_ T iv ),(%)y= "WBI?S‘ 6. a) J=p?sing;
b) §§ = sin¢ sin @, %% M 39 — _.sinf_

P sin
) . 4 . W (g £

Section 2.13, page 127 Y

Lb)x=%+1e-%),y=1- ’?(f-*%)-z=§+’?('—'§);
c)x-fy+fz_3f/4 2h)\/_x+2)’+z—13/4
5.b)3V3x—y—4z=1 8. 8) 2x+2y+z=9 %52 =272z
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b) z=1,x=0,y=0, ¢ 2x-y—-2z=0%5—+ :1:[—1“1‘—11, d)nonc,
e nx+xiy—z=xiyi; ) (m+zdx +(x1 TZI)}""(-’H +y)z=
10. 8) z~2=2(x = 1)+ 20 - 1), I“: =iy =5 e
b)z-l=-2(x—g) 2y -3), 53 =154 = 15, - s
c)z-x-2y+2x-2+:y—l—2tz-—2—-r; '
d)Sz=6x+8y—10,x-§+-gt,y—3+31,z=——t.
11. a) x =344, y=1-5,z=143t; b)yx=2+t,y=2-t,z=1;
x=1l,y=—-14t2=-—1

X—X1 yYy—yYy1 z—2i

ST

x—-2 y—-2 z-1

B % % K=ol 4 T4 2 |=o
3G 3G . 3G 4 4 -16
x y 3z
x=1 y z+41
2 0 0 |=0 A
1 1 1 -
14. y +2z=0. 15. a) 2xi+2yj+2zk; b) 4xi+2yj. 16. ¢) x+y++/2z =2,
X—Xx — I—I X —X -y Z—Z
17. T_éI_&_ -gi—la—_l& ?_TELT 18. 7oy = gﬁ',—a—h WETHY
dy dy ax ox a(x.y) a,y,z) a(x,1,z) a(x,y.t)
Section 2.14, page 134
) . 1. 4 . 2. 2 _ 2.
1. a) —\jﬁ, b)0; ¢ 3 A -7 e -5 DO 2.a)x7-y4 2
Xyz — P .
b) T et 6. du/ds = ~2xy. Minimum is -4 at (0, £2).
8. Maximum is 6 in direction i at (1, 0), in direction —i at (—1,0). 9. 3, T 75=
Section 2.18, page 142 £
2x2 —y2 2y —x? 2x -—-2x1? . o 3
. _____Ls_’ _Z___r; b TLTI‘ : . . F Fibs :
1. a) 2+ y)1 (x4 yH)1? ) (x4 ¥y (x4 y9)
) 4xeX V' (2yr — 1), —4ye*’ V' (2x2 +1); d) mlnl. 4. ¢) a=—c;
d) ¢ = -3a, b-——3d
2 3 ax 9 a a 82
o Bih+ Bk Bk R S ERER - BRE
204% - 2 I dv _ 2u— dy _ o
10. m%,(h—'jux—xy). 12.a)3§_y . b)zg_;‘—w'i, ©) TF =0
dx _1_ ¢ dv _ .2, _ 0o du __ 8
d)W 1=0; e)m ¥v=0; ) 5, = 8 3305 =0

Section 2.21, page 158

1. a) max. at —1, min. at 1; b) max. at 7 /3 4+ 2n7, min. at - /3 + 2nn, honz mﬂ at
n42nt(n=0,+1,%£2,...); c¢) max. atlog2. o

2. min. forn = 2,4,6, ..., horiz. infl. forn = 3,5,7, .... '! "

3. a) max.=1,min.=0; b) max. =0; ¢) no max. or min.;

d) max. = 1, min.= —4. 4. a) max. at(0,0); b) min. at (0, 0);

¢) saddle point at (1, 1); d) saddle point at (0, 0); e) critical point at every point of the
line y = x, each point giving a relative min.; f) triple saddle point at (0, 0);
g) min. at (v/2, T+ 2nn), (=2, ;4’5 + 2n7), neither at (0, nw — ;,f—),

h) min. at (§, }), saddle points at (0, 0), (1,0), (0,1); ) (0, 0), neither max. nor min.;
j) min. at (0,0); k) min. at (0, 1), saddle point at (0, 0).

5. a) abs. max. at (0, 0); b) saddle point at (0, 0);
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¢) saddle points at 7 /2 4+ 2nw (n =0, £1, £2,...);

d) no critical points [discontinuity at (0, 0)]; e) abs. min. at (0, 0);

f) abs. max. at (+/3/3,4/3/3). 6. a) abs. min. at (—3/5, —4/5), abs. max. at (3/5, 4/5);
b) abs. max. at (2714, £2~1/4) (four points), abs. min. at (+1, 0) and (0, +1);

¢) max. at (+3, £4), min. at (+4, 3); d) max. at (T}i’ 0, %), min. at (—-%, 0, —~\%§);

e max.at (+/2, /4, +./3) and 0, ~1,0), min. at ( /2, -/}, +,/2) and 0, 1, 0).
f) Abs. min. at (1 — v/2/2, 1 — ~/2/2,4/2 = 1), rel. min. at |

(14 +/2/2,1++/2/2, —+/2 — 1), no abs. max. 7. (0, £1, 0) and (%1, 0, 0).

8. a) max. =1; b) max. = %, min. = —%; ¢) max. = 3, min. = —3; d) max.=1.
9. (a) and (c) are positive definite. 11. a = 15(2e; — 2 — 2e3 — eq + 2e5),

b= 1—10(--281 — e+ e4+ 2e5),c = 313(—361 + 12e3 + 17e3 + 12e4 — 3es). 12, \/3/3

Section 2.22, page 166 _
1. 1,0,sinx. 3. ax + by + ¢, a, b, c arbitrary constants.
5. f(x,y) = g(x) + h(y), g(x) and h(y) being “arbitrary functions.”

CHAPTER 3

Section 3.3, page 180

6xy 3x? 0 2 4 10
9. a) [3x2 —6yz —3y2], 4 8 2].
0 =3y 0 10 2 4

Section 3.6, page 185 E 3
5. a) x2yz +const; b) (2y + 22"+ const. 7. a) yzi — 2xzj+ grad f, f arbitrary;

b) %[32i+(x2 — 2yz)jl1+ grad f, f arbitrary. 12. b) -g-g — 3y ¢) 2x%i+2y?.
15. —%. 16. divv=0,curlv=2w. 17. Vol.=1. 18. Vol. =e.

Section 3.11, page 210 :

1. a) u; = —36x'x! +51x'x 18x2x2 28x! +20x2,

uy = 24x'x‘ —34x!x? + 12x2):2 +21x! — 15x2;

b) ! -(3x — 2x%)[3 cos (—4x! +3x2)+25m( 4x1 +3x2)],
v = (3x! = 2xH)[(4 cos (—4x! + 3x2) 4 3 sin (—4x! + 3x?)];

€) wy =wy=0w,=—-wy =-12xx! + 17x'x% — 6x%x2; s
d) zj = =7lx! +49x%, 2} = 53x" — 36x2, 22 = —103x' + 72x2, 23 = 77x! — 53x2,
2. In standard coordinates, all reduce to 8;;. In (x'), g1 = g = 25, Sitre?

gn=2gn=—g%=—g% = _18, g5y = g!! = 13, gfr. = §;; always.

3. a) u! = 13u; + 18uy, u? = 18u| + 25u,, where uy, us are as in the answer to
Problem 1(a); b) v; =25v! — 18v2, v? = —18v! 4 1302, where v!, v? are as in the
answer to Problem 1(b); ¢) w!! = w?? =0, w!?2 = —w?' = w),, where w), is as in
the answer to Problem 1(c).

CHAPTER 4

Section 4.1, page 219 gt
1. a) 2xsinx—(x —2)cosx+c; b) larctamac +c¢ ¢ logi_T"r-i-C; ‘ '

d) 2(Vx —log(l++/x-1)+C. 2 a) 7/4; b) 0; c¢) 3e—28;
d) (rr/4)+log(1/f) 3. a) /2, by 1; ¢ —1; d) 1og(1+ﬁ); e 2 f) I
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4. a) 0; b) div; c¢) 7/2; d) div; e) div; f) log2. 5. a) 4/3; b) 1;
¢) 14—m—6/3. 6.2a)2/x; b) —2/m; ¢) 1/2, d) b+ %a(xl + x3).

8. a) value 0.3095, error at most 0.0082 (worst error at x = 1); b) value 0.7667,
error at most 0.1321 (worst error at x = 1).

Section 4.5, page 234

L a) 1/3; b) n/48; ¢ (- 15v2)/8; d) 1. 2.8) e—1; b) 2—5e"1)(1—e2)
¢) 3/4; d) n/6. 3.a) [ [ fdydx or fflf;(y)fdxdy, where ¢(y) = |1 — y|
for—1<y<Oandfor2<y<3,¢(y)=1for0<y<2; b) fo f"ﬁi)fdydx or
s ey £ dx dy, where ¢(x) = (x — x)V2, y(y) = J(1 - 4y})/2,

4. a) (8/35)9v3 -8vVZ+1); b) 2/5. 5. a) [* [\ fdxdy:

b) fo S/ Faxdy: © [0 [5 fdydx; @ f2fL_, Fdxdy.
10. a) 1i—(e— Dj+1log2k; b) gyi+Jj) '

Section 4.6, page 241
1. a) &7 b) 2¢/2—2+2log(2v2—2); ¢) v2(tan"! v/2 ~tan™! ﬁ),
d) logc+1—c,c=n/(4v/2). 3.b) coshl —1; ¢) log2.
. 4 /7. 11 1 3. 2n
4. a) 7/2; b) (14V2-7)/9; o n%/3; d) g -ilogz; e F
5. f5 [ iy dvdu, where fW) = VI -l for0<u <1, fw)=0forl <u <e,
and g(u) = Ve —u?for0 <u <e.
7. 8) 2 [ fvl"”log(l +2u? +2v¥)dudv; b) f) f,‘ 2u ¥/ 1+ 42(u + v)2 dvdu.
11. a) fo A 0T coszﬂsinadz drd6; by fi% [} [HEoseTsin 13 00520 dz dr d6.
12. a) [F° [T [ oS sin* ¢ cos? O sinf dodgpd6; b) f o8 55 p*sing dp d¢ .

Section 4.7, page 248 o
3. a) 4n%ab; b) 7(5°/% - 1)/24.

Section 4.8, page 252

2. —=m/2. 3.a)4x/(3-p); b) 4x/(p—3).

4. a) div; b) conv; c¢) div; d) conv; e) conv.

Section 4.9, page 256
. 3
1. a) —fwzsm(xr)dx; b) f,z(l_irx);dx; o fllax, @ nf} (—ﬂ%ﬁdx

2. a) x%; b) 2tsint%; ¢ 3:2 log(l +15);  d) sec? xe~tn'x _ g=x"
! 2n -3
4. a) ““T)Z b) 2 © Frgtme T x> 0.

Section 4.11, page 264
1. b) uniformly continuous. 2. All but b) are uniformly continuous.
4. a) f must be uniformly continuous; b) f need not be uniformly continuous.

CHAPTER §

Section 5.3, page 278
La)d b-3 90 2% b8 o -n2

3.)0; b) —27; ¢ -1 4.8) 0 b) v2/2; © 3V/5+ Flog2+ V5.
6.2)7, b)5 ¢)8 d)55 e0.
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Section 5.5, page 286 o
Laf b of 220 b o3F -

5. a) (b — a)times areaenclosedby C; b) 0; ¢) %R’; d) 0; e 0, f) 4n;
g 0; h) 0.

Section 5.7, page 300 : - |
1. a) F = x?y,integral = 1; b) F = ¢, integral =0; ¢) F = —1//x2 + 2,

integral=1—¢"2". 2.2) =¥ B} 02 dL

3.a)0; b) —27n; ¢ —-2; d) 12n; e 0; f) 0.
4. %— +2nr (n=0,%£1,+2,...). 5.a)0; b) 2w, ¢)d4nr; d) 0.

6. a) xzy - %(y?’ +2), b) xsiny. 7. —n. 8. K +njay +nyaz + -+ -+ npay, where
the numbers n,, ..., ni are positive or negative integersor 0. 9. 7. 10. a) —60; b) 0.

Section 5.10, page 312

La)3m b) -3 © 5 d)0; e —163/15. 5.2) 3 b x; o 27 d) 5.

7.8) 7/48; b) —(e— 1= (2 -1); o 7/8 d) (E-1)/2 €0

Section 5.11, page 319
1.a)4m; b)3;, ¢ 0, d)o6V; e 0; f)O

Section 5.13, page 330
1.a) 67; b) 0. 2.a) —2; b) 0. 4. F £2nmw. 5. b) v+ gradf,

where v = x2y%zi — xy3zj + xy*z°k.

Section 5.14, page 336 o
1. a) [} [ +vHdvdu: b) [f (u—v)1—2u—2v)dudv;
© 4f[p uv@*—v*dudv. 3.8) -1; b2 ¢ 3 6 a -1 b2

Sectiﬂn 5-15, page 347 AR avyraey
1. a) Potential energy is %kzxz; %mvz + %kzxz =const. b) Potential energy is

%(iaz:lc2 + b%y?); %(mvz +a?x2 4+ b?y*)=const. 5. T =T + IZ—:,ILx. 4

Section 5.18, page 363

3. (a) and (b) 2rablog 1/a for R < a,2nablogl/R for R > a;

¢) Ofor R < a,-2nabR?RforR >a. 4. a) —2ny for R <a,0forR > a;
b) normal derivatives have limits O everywhere. 6. U = wk(4a® — R?)/3 for
R <a,U = nka*/R for R > a.

Section 5.22, page 373
1. a) x'x*H2%dx' — (x)2x*dx?; b) —x'dx?dx3 —x2dx?dx! — x3dx'dx?;

©) 2x!xtdxldx?dx® — 26 dx2dx3dx* + 2x'x?dx' dx® dx* — 2x'x3 dx' dx* dx*;

d) 0(4-form); e) x*dx'+x'dx*; £) 0; g 3dx'dx?*dx’.

5. a) (& +3xHdx'dx® + (6x* — ) dx' dx® + (—3x2 — 6x3)dx' dx* +

@' + 654 dx2dx® + (3x' — 6%3)ditdit + (63 + 6x%)d%> dx4;

b) G3x3dx!dx? — )3 x2dx! di + G4 dx?dx1. LIS
6. a) [(X|+ X2 + X3)dx' + X, dx* + X3dx* on C;

b) [fX1dx?dz> + (X, — X\)dx>dx' + (X3 — X;)dx' dx* on §.

8. Cijx = AiBjx + AxBij + A Byi. TR



