Calculus IV Homework 3

Mikhail Lavrov

due Friday, February 17, 2023

1 Exercises

1. Let F =2yi+yj.
(a) Draw a sketch of F in the region —2 <2 <2, —2 <y < 2.

(b) Find the flux integral of F around the boundary of the region bounded by the parabola
y = 22 and the line y = 1.

2. Determine whether these vector fields are gradient fields, and if they are, find the potential
function.

(a) F=zcosyi—azsinyj+ ((2+1)e* +zcosy) k.
(b) G =2xyzi+2%2j+ 2y’ k.

3. Find a potential function for F = (y + e* ¥)i+ (x — e®*¥) j, and use it to find the integral
/CF - dr where r(t) = (cost,sint) for 0 <t < 3.

2 Harder problems

4. Let F be an unknown, but conservative, vector field. Define paths
e (1, the line segment parametrized by ry(t) = (2¢t — 1,0) for 0 < ¢ < 1.

e (9, the quarter-circle parametrized by ra(t) = (cost,sint) for 0 <t < 7.

e (3, the parabolic curve parametrized by r3(t) = <_t2_t2, t_2t2> for -1 <t < 1.

e (4, the cubic curve parametrized by ry(t) = (¢, —t) for —1 <t < 1.

If/ F-drlzl,/ F-dr2:2,and/ F-dr3:3,ﬁnd/ F - dry.
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5. The path C parametrized by r(t) = (tcost,tsint,t) as § < ¢ < m winds around a portion of
the cone 22 = x2 + y2. You decide to compute the integral

ri+yj+0k
5.2 .2 ) dr
c\2+ys+=z2



ri+yj+zk
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but then you spot a shortcut: the closely related vector field F =

tive, with potential function % In(z? + y* + 22).
(a) Find the integral / F - dr. (This shouldn’t actually require taking integrals.)
C
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1’2—1—2—&-2> -dr you actually want
Yy z

(b) Use your answer to (a) to replace the integral /
C

by a much easier integral, then take that integral.
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