HOMEWORK SOLUTIONS MULTIVARIABLE CALCULUS
Section 13.4 - 1, 7, 13, 16, 19, 25, 26

1 {a) If e(t) = =(t) i+ w (£) j + =(t) k is the position vector of the particle at time £, then the average velocity over the time
interval [0, 1] is

(1) = r(0) (4.5 +6.0]+3.0k) = (273 + 9.8j + 3.7k)
Vawe =TT 1

= 1.8i=3.8] =0.7 k. Similarly, over the other

intervals we have

Cr(1)=r{0.5)  (4.5i+6.0j+3.0k) =(3.5i47.2j+3.3k)

0.5.1]: Vave = =——p—"= o =20i=24j=06k
L2: Vi = r{Z; —1'{1} _ (T.3i4T78j +2.Tk}: (4514 6.0j4 3.0k) —28i+18j-03k
1.5) — r(1 5.01+6.4) +2.8k) — (4514 6.0j+ 3.0k
[1,1.5]: vmz"{li 11‘(]=[a i+6.4j+ ]u'{ 51+605+30K) _ g 408504k
) - N

{b) We can estimate the velocity at £ = 1 by averaging the average velocities over the time intervals [(.5, 1] and [1, 1.5]:

v(1) = 4[(2i = 2.4j — 0.6 k) + (281 + 0.8] = 0.4k)] = 2.4i — 0.8j — 0.5k. Then the speed is

[v(1)] = +/T24)2 + (=08 + (—0.5)7 = 2.58.

Tre(t)=ti+t*j+2k = Att=1:
vit) =i+ 2] v(l) =i+ 2j
alt) =2j afl) =2j
[w(t)] = 1+ are

Herexz =t,y =t* = y=a" and = = 2, 50 the path of the particle isa

parabola in the plane = = 2.

13. r(t) = e'fcost.sint, t) =
vit) = r'(t) = ' {cost, sint, 1) + e (=sint, cost, 1) = e*{eost = sinf, sind 4+ cost, 4 1)

a(t) =v'(t) = e'{i:ust —sint —sinf — cost,sint + cost 4 eost —sint, 414 1}
= e (=2sint, 2eost, t + )

[v(t)] = e"veos? t + sin’ t — 2eostsint 4 sin?t 4 cos?t 4+ 2sinteost 4 1% 4+ 2 4 1

=l IT 2043

6 oa(t) =2i+6tj+ 120k = v(t)= [(2i+6tj+ 12°k)dt =2ti+ 3" j+ 4k + Coand i = v(0) = C,
soC=iandv(t) = (2t+ )i+ 3" j+ 4k r(t)= [[(2t4 i+ 32 j+ 4%, dt = (P 4 )i+ t*j+ 'k + D.

But j—k=r{0)=D,soD=j=kande(t) = (t* + )i+ (* +1)j+ (* =k



9. r(t) = (2,50, = 16t) = wv(t) = (2,52t = 16), |v(t)] = HT+ 25 + 417 — GAL + 256 = /517 — G4 + 281

and % [vit)| = 4(8¢* — 64t + 281)~/*(16¢ — 64). This is zero if and only if the numerator is zero, that is,

d d , ,
16t =64 = Dort = 4. Since Tl [wit)| < O fort < 4and 5 [w(t)] = 0 for t > 4, the minimum speed of +/ 153 is attained

at t = 4 units of time.

25. As in Example 5, r(t) = (v cos 45°)¢i 4 [(vgsin 45°)t = 2gt*] j = L [wg/Zti + (vp/Zt — gt*) j]. The ball lands when

y=0(andt >0) = i= ﬁx Mow since it lands 90 m away, 90 =x=%uuﬁ ”“ﬁmnﬁ = D0g and the initial
q L}

velocity is vy = /g = 30 m/s.

26. As in Example 5, r(f) = (vocos 30°)t i + [(vosin 307)t = £gt7] j = 2 [vovFti + (vot = gt”) j] and then
vit)=r'(t) =3 [uu\.-"ﬁi + (vo — 2gt) j]. The shell reaches its maximum height when the vertical component of velocity

iszero,s0 3{ve = 29t) =0 = t= %. The vertical height of the shell at that time is 500 m,

ml[m(i)_g(vn)"]:m = B 500 > o= yI00G = /00005 ~ 198 m/s.
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