Math 317 - Hwk 9 solutions
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9. If the vector fieldis F = Pi+ @ j + Rk, then we know R = 0. In addition, the x-component of each vector of F is 0, so

P=0,hence%=g—};= gjj =g—f=%—1:= Baf =0_Qdecreas&s35yincreases,sog—§ < 0, but @ doesn’t change
inthex—orzdﬂecﬁons,sni—f:i—f:ﬂ.

(a)divF=g—i+g—§+g—f=n+2—f+n<n
m)cm1F=(§—}:—Z—?)i+(g—g—f),ﬁ+(%—i—i)k=(0—o}i+(n—0)j+(n—n}k=o

10. If the vector field s F = Pi+4 @ j + Rk, then we know R = 0. In addition, P and @ don’t vary in the z-direction, so

Eril wily il mhal ni 0. As x increases, the x-component of each vector of F mncreases while the y-component

remains constant, so ? = 0and g—Q = 0. Smularly, as y increases, the y-component of each vector mcreases while the
X a
z-component remains mnstant,soz—Q = 0 and z—P =0.
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@ divF = 5o+ 55+ 55 = 5o+ 52 +0>0
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(b)curlF=(—y— it E—a—y)k=([]—[)}i—|—((]—ﬂ)j+(0—ﬂ}k=0
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11. If the vector field s F = Pi+ @ j + Rk, then we know R = 0. In addition, the y-component of each vector of F 15 0, so

ohence@_9Q _99 _OR_OR_OR _ .. - op ¢ change
@ = 0, hence il wialy il el S = 0. P increases as y MNCTRASEs, 50 By = 0, but P doesn’t change in
thEx—nrz~djrectionsssnﬁ=E=ﬂ_
dx dz
) JdP 9@ IR
(a)d.WF—E-I'a—y-FE—D-I-D-I-D—D
_ (2R _2Q);, (%R _ 2R, (92 _P\\_(1_0i+0-0)i+ (0 2P)x_ _2F
(b)curlF_(By 83)1+(32 39:)']+(8.r ay)k—([] 0)i+ (0 U)_]+(D By)k_ Byk
Since Z—P =0, _¥k 1s a vector pomnting in the negative z-direction.
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12. (a) curl f = V x f 1s meamingless because f 1s a scalar field.
(b) grad f is a vector field.
(c) div F 1s a scalar field.
(d) curl (grad f) 15 a vector field.
(e) grad F is meaningless because F is not a scalar field.
(f) grad(div F) is a vector field.
(g) div(grad f) 1s a scalar field.
(b) grad(div f) is meaningless because f is a scalar field.
(1) curl{curl F) is a vector field.
() div(div F') 1s meamingless because div F 1s a scalar field.
(k) (grad f) x (divF) is meaningless because div F is a scalar field.
(I) div(curl(grad f)) is a scalar field.
i j k
8. cwrlF =V xF=| 8/8x 9/dy  8/8z
ycosxy xcosxy —sinz
=(0-0)i—(0—0)j+[(—xysinay + cosxy) — (—xysinzy + cosxy)| k =0
F 1s defined on all of R®, and the partial derivatives of the component functions are continuous, so F is conservative. Thus
there exists a fumction f such that Vf = F. Then f.(x, y, z) = ycos xy mmplies f(x,y, z) = sinxy + gy, z) =
fol®@, 9. 2) = @ coszy + g, (v. 2). But £, (2, y, z) = x cos 2y, 50 g(v. 2) = h(z) and f(=,y, 2) = sinzy + h(2).
Thus f.(z,y, z) = k'(z) but f(=,y, z) = —sin z 50 h(z) = cos z + K and a potential function for F is

fle,y,z) =sinzy +cos z + K.
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20. No. Assume there is such a G. Then div(curl G) = yz — 2yz + 2yz = yz # 0 which contradicts Theorem 11.

2 divp = 20@2) | 8e(z.2) , Ah(z.y))

e By 5, = 0 so F 1s ncompressible.

For Exercises 23—29, let F(z,y. z) = Pi+ Q1 j+ Rikand G(z,y,2) = P2 i+ Q:j+ Re k.
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