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Chapter 1

Section 1.1

(la) E={reR|z=n* neZ}
(1d) B ={p/q|p,q € Z, ¢ <30}.
(3a) No,5¢€ E, but 5 ¢ F.

(3b) Yes. because cosnm = +1.

Section 1.2

(4a) Lin. indep. span(vy,vy) = R?.

(4b) Lin. dep., v; = v3 — vy: span(vy, vg, v3) = {(201, a9, 4y + ) | a1, g € R}
(5a) Yes.

(5¢) No.

(7) (3,2,—1).

Section 1.3
(3) r =sin(20).

(6) cos¢p = £sino.



Section 1.4
(1a) {(z,y e R? |z £y}

(1c) (p, ¢, 0) have no restrictions.

(2a) % = —ytan(xy) of _ —x tan(zy).

) 6_y
af 1 1
(2d) == = 2xcos +a(z® +y? +2%) " ?sin . The other
81‘ ,/x2+y2_|_22 /,T2+y2+22

partial derivatives have a similar form.
(4a) Neither.
(4b) Closed.
(4c) Open.

Section 1.5

2 2
(42) — A

) ()

(5b) No intersection between the conics.

Section 1.6

(1a) Hyperboloid of two sheets — ‘ 5 + - = 1.

e . z
(1b) elliptic paraboloid = = y* + - 5
(V)
2 2 2
(1d) hyperboloid of one sheet — SE— 5 + - 5 =1
P ()
3

(2a) horizontal trace , y? — 22% = 3 + K2 vertical traces y*> — 22 = 2K? + 3 and 22° 4 2% =
K2 - 3.



(2b) horizontal trace = = y* + 2K3, vertical traces y* + 22 = K; and x = 22 + K3.

2
(2d) horizontal trace % —y? =2 - 3K}

(5) Parametric representation of intersection curve: z(t) = t, y(t)* = +/(3(1/2 + 2)
and z(t) = £4/5t2+3/2, domain t € R. The curve is made up of four pieces:

z(t),y " (1), 27 (1), w(t),y" (), 27 (1), x(t),y~(t), 2" (t) and @(t),y~(t), 27 (). This is a
curve which projects to a hyperbola in the zy-plane.

(8) (¢ 2oy(t) =t, 2(t) = +V4 —t2 and z(t) = %, y(t) = ¢, 2(t) = —v/4 — 2. Domain

§2

I/\ ||

)
—2
(9) z(t) =13, y(t) = t* and 2(t) = £V16 + 1.

Chapter 2

Section 2.1
(1a) differentiable at all t € [0,1], r'(t) = (2t — 2, 27 cos(27t). The function is smooth.

(1b) differentiable at all ¢ # 0. r'(t) = (6t, —sin(t), (2/t*)e~/*). The vector function is
smooth

(1d) differentiable at all ¢ € [1,3]. 1/(t) = (12t%,2t) # (0,0) for all ¢ € [1,3]. The vector

function is smooth.
(2a) [r(t t3/3 —(1/27) cos(27t), t2/2),
(2¢) [r(t 3et(t — 1), (3/5)t5/3,t3/3).

(3a) velocity given above, ||r/(¢)]| = \/(2(t — 1))2 + 472 cos?(27t) + 1 and acceleration v’ (¢) =
(2, —4m?sin(27t), 0),

(3c) velocity given above, ||t'(¢)|| = /(3e(t + 1))2 + (4/9)t2/3 + 412 and acceleration r”(t) =
(6e! + 3tet, (—2/9)t~4/3,2).

(5) If y = f(x) and f is differentiable, then r(¢t) = (¢, f(¢)) and r'(t) = (1, f'(t)) # (0,0) for
all ¢.

(8) I'/(t) = (UOl,UQQ, —9.8t + 'Uog) and I'(t) = (U()lt,?]ozt, —49t2 + Uogt + ho) Final Velocity
occurs at t = to that solves —4.9t? + vgst + ho = 0; 1'(1) is the final velocity vector.
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Section 2.2

(1a) 4(s) = (t* — 2t,sin(27t),t) + s(2t — 2,27 cos(27t),1) and at to = m, £(s) = (7 —
27, sin(27%), ) + s(2(7 — 1), 27 cos(27%), 1)

(1c) £(s) = (3te!, 112/3),1?) + s(3e* + 3tet, (2/3)t71/3,2t) and at to = 1, £(s) = (3e,1,1) +
s(6e,2/3,2).

Section 2.3
(1b) 7(s) = (cos(s),sin(s)) with s € [0, 327], speed

[T (s)|| = \/sin2(s) + cos?(s) =1
arc-length parametrization
(1c) ©(s) = (s,5%/v/2,5%/3) with s € [1,10], speed ||[¥/(s)|| = V1 + 252 + 5% # 1.
(2b) s(t) = [o |['(7)|| dT = [; V&> + 4e* + 16€7 dr.

(2d) s(t) = [y |[t'(7)]|dr = [, VBe ™ dr = —2v/Be 2, t = §(s) = —2In(—s/2V/5).

Chapter 3

Section 3.1

(1b) T,C = {a(2,8,64) | a € R}

(1c) T,C = {a(—8sin(8t), S cos(8t)) | a € R}.
(3b) 71(p) = (1,0,.~7/2), (p) = (0,1, 1),

7,5 ={(a, B, —am/2 — B) | o, B € R}

(3C) Tl(p) = (170’0)7 7'2(10) = (Oa 170)> TPS = {(a>ﬁa0) ‘ o, € R}'

(4) (a) none, (b) none, (c) none, (d) ¢ € 1,5 problem 3(c).

(6) (r0,60) € (V2/2,7/4), fi(p) = (1,0,(9f/r)(ro,00)) = (1,7/4,~1) and
fa(p) = (0,1, (0f/00)(r0,6)) = (0,1,0). The tangent space is the same as in problem
3(d). In 3(d) we have, 7(p) = (1,0, —+v2/2) and 7»(p) = (0,1, —v/2/2). We show

that (1,7/4,1) and (0,1,0) are linear combinations of 7(p) and 7»(p). The vector
(1,7/4,—1) in Cartesian coordinates is given by

(V2/2,v2/2,—1) = V2/2(1,0, —v/2/2) + v2/2(0,1, —/2/2).



)
The polar coordinates path R given by (rg,0y +t) = (v/2/2,7/4 + t) becomes in

Cartesian coordinates the path C' given by
r(t) = (V2/2cos(m/4 4 t),V/2/2sin(n /4 + t))

and so the vector (0, 1) at T(r0 60)=(v/3/2.x/0 12 18 mapped to T\, (50 /5/2)C by 1'(0) =
(—1/2,1/2). Thus, (0,1,0) is mapped to

(—1/2,1/2,0) = —=1/2(1,0, —V/2/2) + 1/2(0,1, —v/2/2).
(ra) r'(1) =(2,1) so v =5.

Section 3.2
(1a) df = (1/y) dzw — (x/y*) dy
(1c) df = —3yzsin(zyz) dx — 3zzsin(zryz) dy — 3zy sin(xyz) dz.

(3a) dt(v;) =tj41 —t;, (b) T,,C = {ax'(t;) | @ € R} with a = t;,; — t; this means Wj is in
T, C, (¢) du(W;) = 2'(t;) di(vy), Ay (W) = o' (t;) dt o).

(5b) dr(l,—1)=1,dA(1,—1) = —1 and
ar{ov,) = % (1—2\/5) V3 ( (1;\/_)) .

db(vy, vy) = ﬁ (1 — ﬁ) —l—% <M> =—1.

2

2 2 2
(7) . .
dp = dz + Y dy + dz.
vVt +y? + 22 vVt +y? 4 22 Vi +y? + 22
df same as for polar coordinates.
" —xz(2? 4 y? 4 22) 732 4 —yz(x? +y? + 22)73/? p
VI-F @7+ 2) V- @@+ 1 2)
2 024 2212 2(02 4 g2 4 52)3/2
L@y ) @y +25)"
VI— @@y + )
Section 3.3

(1) (a) =11, (c) 10, (e) —57/4v/2.

(2) F(z,y) = 2*y. Adding any constant is also a solution.

(5) dIW — ”\}%‘if (— cos(t) — sin(t) — 1) dt.



Chapter 4

Section 4.1

(2) Jow= /1 —3tdt.
0

(3) Using the parametrizations ry(t) = (,¢?) with ¢ € [0, 1], ro(¢) = (1 — ¢)(1,1) +#(2,0) =
(14+t,1—1t) and r3(t) = (2(1 —t),0) we have

/ w = /l(et?’ + 2126 dit + /1<€1_t2 —(1+t)e Y dt+ /1 —2dt.
c 0 0 0
(5) dW = ay*dx + (xy +y2) dy + (—32° +y*) dz and [, dW = [, dW + [, dW with
/C dw = /07?(_ cos(t) sin®(t) + sin(t) cos(t)(cos(t) + t) + (=3t* + sin?(t))) dt
!
and using rq(t) = (1 —t)(—1,0,7) + t(0,—1,0) with ¢ € [0, 1] then
/C dW = /l(tS —2mt® + (7 — 1)t + 37*(1 — t)*) dt.
> 0

(6a) Substitute r(¢) in the equation.

2
(6b) dW = —9.8dz so [,,dW = [> —9.8dt = —19.6.
(6c) dW = (=32 —1)dz so

cos(2mt)) dt.

2 . 1
/CdW = /0 (=3t — 1)(2mrv2 — tsin(2nt) — N

Section 4.2.1

(1a) The paramterization is injective.

d
3) /Cds:/c ||r’(t)||dt:%(2\/§—1).



<

C with a = 1.5

(5) f 2a+/2(1 — cos(t))dt = 16a
(7) fo Va?4n? + 1dt = 2v/a?47? + 1.

Section 4.2.2

(1) [pzds=5(5%*—1)

(4) [zt +y?ds = —\/75(6*2” -1)

(6) T==L [Lapds=g=VI+4r> =7 =L [ ypds,

1
3
zZ= / zpds = / 3t cos(27t) sin(27t) V9 + w2 dt = ~3 ——V9 + 4n?
C 0 mm
where m = /9 + 472 /4r.

Section 4.2.3

(14+100e2):

(1d) k=% =1

Section 4.3
(1b) fl t+ ¥ cos(\/_t) + In(t)dt = In(27) + 2 + 1 sin(3v/2) — 2 sin(v2)

(5) The potential function for F(x) is f(x) = —eq@/||z||. The work done is /F ~dr =
£(0,107%,0) — £(10°*2,0,0).



Chapter 5

Section 5.1

(1b) Let A = Zl 22, then det(A) = ajaq — agas.
3 4

graph(g) = {(a1, as, as, ay, a1ay — asaz) | (a1, as,as, as) € R4}.

(2a) The level sets cosz cosy = ¢ are empty for |c¢| > 1.

Section 5.2
(1b) lim

e
T 21,2
(2,9,2)—(0,0,0) 1F2°FY

lim 3 7 T n 1y 5
(@y)—=(-1,1) \ —2 4 Yy 5 )\ 11

(5f) lim (2sin¢cosf,2sin¢sinb,2cosp = (—2,0,0)
(0,9)=(m,5)

z

=1

(1d)

(2a) Set y = maz. The value of the limit depends on the line of approach towards the origin
and so the limit does not exist.

(2b) The limit depends on the line of approach towards the origin and so the limit does not
exist.

(2d) The value of the limit depends on two lines of approach towards the origin. The limit
does not exist.

(3b) Since \/(z —1)2+ (y +1)2 < 4, then |z — 1]| < §,|ly + 1|| < 0 and let § = y/e. Thus,
lay+2—y— 1] = (& —1)(y+1)]| < & Therefore |ay+z—y—1]| < 6 = (v/&)* = e

(8c) We know ||(z,y)|| = v/2% + y*> < 0 and set 0 = /€ then

|| (=, y)ll(z, y)ll

< ||(z,y)|]* < 6* = e.
T+ @) I <{l(z, )l

(5b)

3 T -1 L =1
lim ( ) = lim Y 1y .

Because two entries in the matrix are undefined at (x,y) = (0,0), the function cannot
be continuous at (0, 0).
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(6a) Let f = (f1, f2) with f1 = 3x+4xy = 3t fo= ¢# . Because fa(z,y) is not continuous

at (0,0), f is not continuous at (0,0).

Section 5.3

(1b) Let € > 0 and suppose (2% 4 y2)2 < 0. Set & = /e, therefore |(22 + y?)3| < 6° =
(v/€)> =e. L =1(0,0) gives the best linear approximation.

(1d) The function is not continuous because y — é—| does not approach 0.

(2¢)

y2 2xy

Jf(wy)=| ye™  we?

1 —1

2Vz—y 2/z—y

(2d)

21 T3 z2 0
B T2 r1tary 0 X9
Jf(x1,$27'r37x4) - fL’B $4 1’1 x2
0 T3 Ty 214

Section 5.3.1
(1)
Jf(z,y,2) = ( 3cos(yz) —3axzsin(yz) —3zysin(yz) )
f and all its partial derivatives are continuous for all (z,y,2) € R3. f is differentiable

for all (x,y,z) € R?

2 8f1 and 8f1 are both continuous and defined at (0,0). However, 22 and 8f2 are neither
Oy Ox Oy
contlnuous nor defined at (0,0). The information is not sufficient to decide whether

Df(0,0) exists.
(5b) (i) U = {(z,y,2,u) € R* | zy > 0}, (ii)

Y T
SNl NG 4z 0
Jf(x,y,2,u) = ue¥® urzeY? uzryey® xeY?
—2zxsin(z? — y?) 2ysin(z? — y?) 0 0

(iii) The Jacobian is not defined at all the points in the domain.



Section 5.4
(1b) 7,5 = {(a, 8,00 — 2B, T + 68) |, € R}
(1c) Take a =2, and = 1. Then, w = (2,1,0,20) € T,,S

(2a)

2oy +yz 22 —2y+xz Ty

Df(z,y,2) =
3y +yz? 3z +axz2 2y
Df is the zero matrix if (z,y, z) = (0,0,0).
(2b)
7,5 = {(a.B,7,ay(2x + 2) + B(2? — 2y + x2) + y(2y),
a3y + y2?) + B3z + x2%) + v(2xy)|, 8,7 € R}

Section 5.5
(1b)

622y — y* 2%y — day?

D(go f)(x,y) = 22y’ Ay’
y? — 8x[22% — y?] 2wy + 4y[22° — y?]
(1d)
B —2sin(t)[sin(t) + ¢ cos(t)]
Dlge )t) = ( —2[sin®(t) + 4t sin(t) cos(t) + 2t cos?(t)]
(3a)
or Jy
0 0 1
= (2zcosz +yz,3y*z + x2,y).

Section 5.6
(3a)

1+ zz2 0 x?

2

vy(l+xz2) +yz 1+z2 20y+ 2%yz
D2f — %%
2xy + 22yz x 3y

10
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Section 5.7

(1a) Tof(z,y) = —1 — 4z + 3y — 622 + 122y — 3y

(3b) ge(r -1+ 5@ -1y —- 1+ 5@ - Dy - 1)+ 5@ - 1)°

Chapter 6

Section 6.1
(1a) Critical points (£1,0) are saddles.
(1c) Critical point (—4,2, —2) is a saddle.

(1f) Critical point at (0,0,0,0) is a local minimum.

Section 6.2
(1a) ®(r,0) = (rcosf,rsinf) with D = {(r,0) |1 <r <2, 0 <60 < 3r/2}.
(1b) ®(z,y) = (z,y) with D ={(z,y) [0<y <1, 0<z <y+1}

(3a) ®(r,0,z) = (rcosf,rsinf, z) with R = {(r,0,2) | 0 <7 < /Zint, 0 <0 <27, r? <
2 < V1 =712 2 = (=1 4+ 5)/2}.

(8b) ®(r,y,0) = {rcosb,y,rsinf) with R = {(r,y,0) |0 <r <1, —71/2<0<7/2, —1<
y <1}

(5a) ®(r,0) = (rcosf,rsinf,4 —r?) with D = {(r,0) |0 <r <2, 0<6<2r}.
(5b) ®(z,y) = (z,y,2* — 2y*) with D = {(z,y) | + > 0, y € R},

Section 6.4

(1a) Af =0so f is harmonic.

(1d) Af =e*(4+ (2® + w?)(2* + y?)).

(3a) divF =42 + 4y*. curl F = (0,0,2).

(3e) divF =y +y? curl F = (2z(y — x),0,2% — z).

Section 6.5
(1a) w is not exact, the condition yields (—y/z?) — (z/y?) # 0.

(1c) w is exact.



Chapter 7 .

Section 7.1
(1a) Negatively oriented. Area is 8.
(2b) Area is v/176.

(4a) The volume is 4.

Section 7.2
(1a) The integral is 192.

(1c) The integral is (e — 1).

(3a) Type II.

(3d) Type III.

(4b) The integral is 64/9.

(6) The density is p(z,y) = 50f(z,y) kg/m?.

Section 7.3

(1) {y = 0} r1(t) = (0. —t): {y = = — 2}: Ta(t) = (1.6 — 2), o = O}: r3(t) = (—£,0), in
each case t € (0,2).

(3) ri(t) = (cost, —2sint) and ry(t) = (v/2/2cost, (1/2)sint) with ¢ € (0, 27).

(5) §1§Cw = 6ma’.

(7) ych-ﬁds = 17/6.

Section 7.4

(1) The integral is 5.

(3b) The integral is {(e* —5).
(4a) Type L

(4d) Type II.

(7) Use the fact the intersection curve in (y,z) is (z + 1)2 4+ (y — 1)* = (5/2)%



Chapter 8

Section 8.1
(1) wi Awy =

(—bx124 + 62322) dxy A dvg — (5zy2s + 2237375) doy A das

+(bxiramws + 2233475) dovy A dwg + Sxiad dey A drs — (3z4zs + 2324) dog A davs
+(3z1 37472 + 2327) de A dzy + 3z12373 dog A ds + (2574 — T1237475) dTg A day
—mxsrd drs A dos + ry25w4ws dog A dos.

(8) dViw,2) = TdV(uw)-

Section 8.2

(1) w1 Awy = (23 — x2) doy A dxy A das.

n

(ha) w(u,v) = Zviwi — Uiz

=1
Section 8.3
(2) dw = —ydyANdz+ (zy — 1)dz Ndx — zzdx A dy.

(6a) Hw(z,y) = 22y/4.

(6¢) Hio(e,y) = —5 = +5((s" 29+ 2)e’ —2).
Chapter 9

Section 9.1

(1a) ®*w(u,v) = v®du A dv

(
(1c) P*w(u,v) = (3 —u)udu A dv
(le) P*w(u,v) = —8sinvdu A dv
(

(1g) P*w(u,v,w) = 6(u? + v* + w?) du A dv A dw
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Section 9.2

4—2x2
(1a) / (/ V14 1622 + 42 dy) dx
—V/4—222

(1c) /11 (/Olu\/mdv) du

(1f) /02 (/0% \/§rde> dr.

Section 9.3
(1a) / (/ w4 0)Po(—202) + 3(uv)2(u + v) (2u) + 0 (u + v)2(u — v) dv) du

" cosf 0 . 0 1
(1c) / (/ (1 + cos®) 0 1 ’—l—sm@‘ —sind 0 ' dx) dz
(1d) xeyz Az —1) 0 + e** 01 + 22 Az —1) 0 dx | dz
) 0 1 10 10

Section 9.4
(1) 7= (2cosf,2sinb,0).

(4) 7 = (sin(aB), — cos(ah), ap).

Chapter 10

Section 10.1
(1) 08 ={(2+cosv),0,—sinv) | 0 <v <27} U{—(2+ cosv,0,—sinv) | 0 <v < 27}

(3) 0S is the union of {(2 —1¢,¢,0) |0 <t <2}U{(0,2—1¢,t) |0 <t <2} U{(¢,0,2—1) |
0 <t <2} and with {(1~|—4cost,%—%sint,%—%cost—l—}lsint)|O§t§27r}

(5) (0,—1,0), (1,1,0) and (cos#,0,sin @)

Section 10.2

(1a) éw:%

(3) dwy =dz A dy = —dws,.



(4) 0S = 0 implies the integral is 0.

(5b) //S dw = —6a’.
(5d) /// duo = /4.
wr o [ ([0 s00)

(6¢) //SWF:/O (/0/ 8cos29sin3¢>d¢> do.

Section 10.3
(1b) 55 Fedr=—3/2
C

(3) # F-ndS = 6m.
o
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