HOMEWORK SOLUTIONS MULTIVARIABLE CALCULUS
Section 12.4 - 5, 7, 9, 13, 20, 22, 30, 33, 39, 41
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Now(axb).-a=(3i-j+2k)-(i-j-kj=3+1-3=0and

(axb)b=(3i=j+2k) - (3i+j+ik) =% =1+2 =0,s0ax b isorthogonal to both a and b.
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Since (a x b)a={1-1,0.# =) - {t. L1/t =t =t* + 0+ t* =t =0, a x bis orthogonal to a.

Since (a % b) b ={1—-£,0.¢ =) (#*,1*. 1) =t = t* + 04+ t* —t* =0, a x b is orthogonal to b.

9. According to the discussion preceding Theorem 1l ixj=lkso(ixjlxk=kx k=0 [by Example 2]

12. {a) Since b = ¢ is a vector, the dot product a - (b x e) is meaningful and is a scalar.
(b) b+ e isascalar, so a x (b« ¢} is meaningless, as the cross product is defined only for two veciors.
ic) Since b = e is a vector, the cross product a = (b % ¢) 15 meaningful and resulis in another vector.
{d) b+ e 15 a scalar, so the dot product a « (b « e) is meaningless, as the dot product s defined only for two vectors.
{e) Since (a- b) and (e - d) are both scalars, the cross product (a - b) x (e - d) 1s meaningless,

{f) a x band ¢ x o are both vectors, so the dot product (a x b} « (e x d) i1s meaningful and is a scalar.

20. By Theorem &, the cross product of two vectors is orthogonal to both vectors. So we calculate
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Thus two unit vectors orthogonal to both given vectors are +—m(i — j — k), that is, = i — —m j — — kand
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22 Leta = {ay. g, az}and b = (by, e by}
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0. (a) m = {4,2,3) and FE: {3, 3, 4}, so a vector orthogonal to the plane through P, @, and R is

Ffé = j_"E = {(2){4) = (3)(3), (3)(3) = (4)(4), (4)(3) = (2)(3)) = {=1, =T, 6} (or any nonzero scalar mutiple
therenf).

{b) The area of the parallelogram determined by Fﬂmd J_"E is im 0 j-"ﬁ| =[{=1L=76)| =+T+40+ 36 = /56,

so the area of triangle PQH is £+/56.

33. By Equation 14, the volume of the parallelepiped determined by a, b, and ¢ is the magnitude of their scalar triple product,
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whichisa-(bxe)=|=1 1 2|=1 =2, w3, | mmn -2t 8- 2) =0,
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Thus the volume of the parallelepiped is 9 cubic units.

39. The magnitude of the torque is |[7| = |r x F| = |r| |F|sind = (0.18 m){60 N) sin(70 4+ 10)* = 10.8 sin 80° == 10.6 N.m.

41. Using the notation of the text, r = {0, 0.3, 0) and F has direction {0, 3, —=4). The angle & between them can be determined by

(0,0.3,0) - (0, 3, =4) 0.9 :
cosfl = = (S = e— = pml =06 = 6 =253.1° Then |7| = |r] |F|sinf =
[{0, 0.3, 0}] {0, 3. —=4}] (0.3)(5) 1= Irl ¥

100 = 0.3|F|sin53.1° = |F|=41TN.



