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If a, = = )4n then |ap41/an| = %&% = %nil which converges to x2/4 as
n — oo. Hence, by the ratio test, the series converges absolutely for |z|?/4 < 1 or |x| < 2

and diverges for |z|?/4 > 1 or |x| > 2. Hence the radius of convergence is 2. At z = 2

1 n . . .
the series is > " ( n) which converges by the alternating series test.
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If a, = 7@ then |an41/an| = TS P = e\ nio which converges to

|z|2/64 as n — oo. The series converges absolutely for |z| < 4 and dlverges for |x| > 4
The radius of convergence is therefore 4. At z = 4 the series is Y’ \/7 =37 —n
which is a divergent p-series with p = 1/2. At x = —4 the series is > |° \/E) which is
convergent by the alternating series test.
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We have sin(z) = Yo7 (=1)" Tnroy SO that Sm(t =3 (=" Gnrmi SO that
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Since the series for sin(z) converges for all  and the operations performed do not change
the radius of convergence, the series for F'(x) converges for all x.

To 6 decimals we have F(.02) = (.04)/2 — (.02)%/18 since (.02)'°/50 < .00000011.

Le;c4r :2t2(t3/3 2¢,2/t). Then % = (tz 2, —i/tzl and |9 | = (t* + 2)/tjt so that T =
(t4+2,t4+2,t4+2) Hence = (t4+2)2(2t2—t ,2t%), ko= |/| o = G and N =
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Since r(1) = (1/3,2,2),7'(1) = (1,2, —2), the tangent line at (1/3,2,2)isx =t+1/3,y =
2t + 2,z = 2 — 2t. Between the planes z = 1 and z = 2 we have 1 so that the length of
that part of the curve is ff(t2 +1/t%)dt = 17/6.

4. Wehavea—“zﬁd—“ Qu _ ydu Ju _ zdu o, that,

()
(b)

ox r dr’ dy rdr’ 0z rdr?
2,2, 2
(322 4 (322 4 (322 = £’ (duyz _ (e

Vu = (%72—’;, guy = Ldu (i +yj + 2k).

5. (a) We have 2 = 3e¥ — 322, &2 = 3we¥ — 3% so that, at (0,0), we have 92 =3, 92 = —3.

ox » By T » dy
Hence the equations of the tangent plane and normal line at (0,0, —1) are respectively
z=-1+3r—-3yand z=—-3t,y=3t,z= -1+t



(b) The point (z,y) is a critical point of the function f(z,y) if and only if % = ?Tg = 0.

Now % = 3eY — 322 and ?ijc = 3zeY¥ — 3e3Y so that (x,%) is a critical point if and only if

e¥ = 22 and = = e?Y. These two equations have the unique solution z = 1,y = 0. Now
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A= % = —6x, B = 518]; = 3e¥, O = 3e¥ — 9¢3¥ so that at the critical point (1,0) we

have A < 0, AC — B? = (—6)(—6) — 9 = 27 > 0 which shows that f(1,0) =1 is a local

maximum. Since f(—3,0) = 17 the function f does not have a maximum at (1,0).

6. (a) We have VT = (32%y + 23, 3y%2 + 22,32%z + »*) and u = P—Cj = (—1,2,2) so that, at
(2,—1,0), we have Dyr = VT - u/[u| = (=12,8, —1) - (—1,2,2)/3 = 26/3.

(b) Let r(t) = (x(t),y(t), 2(t)) be the position of the mosquito at time ¢. Then v = % is the
velocity of the mosquito at time ¢t. We have |v| = speed of mosquito =5 and the direction
of v is, up to sign, the gradient of f at (2,—1,0), namely (8, —6,0)/10 = (4,—3,0)/5 so
that, at (2, —1,0), we have v = +((4, —3,0). At time ¢, the temperature of the mosquito is
T(r(t)). The rate of change of the temperature of the mosquito per unit time is therefore

d
—T(r(t) =VT(r(t)) v
dt
which, at the time the mosquito is at (2, —1,0), is (—12,8,—1) - (4, —3,0) = F72. Since
the mosquito is flying in the direction of increasing temperature, the rate must be positive
so that v = (—4, 3,0) and the rate is 72. (Things are getting hot for the mosquito!)
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7. f02 OI pmdydx:ffRWdydmwhere]%istheregionong2,0§y§x2/2.

Hence the given integral is equal to f02 fom Ty dedy = %ﬁf(ﬁ - yQ—{%) dy. The
rest is Cal IT and is left to the reader.
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8. Volume = / / (1 —r?)rdrdo.
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