Using Stokes' Theorem to Find Line Integrals
l,S\q' In Exercises 7—-12, use the surface integral in Stokes' Theorem to cal-
/ - . - - 3 - .
culate the circulation of the field F around the curve € i the indicated

direction
7.F = xX’i+ 2xj + 2%k
C: The ellipse 417 + v? = 4 in the xy-plane. counterclockwise

when viewed from above
SOF = 2vi 4+ 3xj - 2%k

C: The circle x* 4 ¥°
when viewed from above
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— 14. Let n be the unit normal in the direction away from the origin of
LS?‘ the parabolic shell

S: dx* 4+ v+ 22 =4, y 20,
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\gq. I8. Zervo circulation Lt f(x v.2) e = 3377 Show
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- that the clockwise circulation of the field F V7 around the
circle x° s “in the 1 . -
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\Sq 3. Zerocurl, yet the ficld is not conservative  Show that the curl of
v

—

— F=——i+———j+k
- g

is zero but that

ft»‘.dr

is not zero if C is the circle x* 4+ v2 = 1 in the xy-plane.
(Theorem 7 does not apply here because the domain of F is not
simply connected. The field F is not defined along the z-axis,
50 there is no way to contract C to a point without lea \mg the
domain of F.)
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x Calculating Divergence
S
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In Exercises -8, find the divergence of the field.

LF=(x=y+z2i+2c+y—-2)j+ 3x + 2y -

—
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2ZF=(xlny)i+(yIlnz)j+(zlnx)k
3. F = ye*=i 4 z&™j + xe™k

4. F = sin(xy)i + cos(yz)j +tan(x2)k
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g Flux Using the Div ] & Thearam

\,5 & In l l D nce 'l‘hcurcm to find the outward
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12. Ball F = x% + xzj + 32k
D: The ball x2 + y? -
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18. Thick sphere F = (xi + yvj + zk)/vx? 4 v? + 2
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lg & 30. Let F, and F, be differentiable vector fields, and let @ and & be
. arbitrary real constants. Verify the following identities,

a. V. (aF, + bF,) = aV -F, + bV - F,
b. V x(aF, + bF,) = aV x F, + bV x F,
. V. (FxF)=F, . VxF -F -V xF,
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g 32. Harmonic functions A function f(x, v, 2 )15 saud to be harmonic

in i region 2 i space if 1t satisfies the Laplace equation
—-

9 " a2 f " af

3.3 3 e 0
(Jx= l')_\" az=

Vif=V.Vf =

throughout D.

a. Suppose that £ 1s harmonic throughout a bounded region D
enclosed by a smooth surface § and that n 1s the chosen unit
normal vector on S, Show that the integral over § of Vf - n,
the derivative of f in the direction of n, is zero,

b. Show that if £ is harmonic on D. then
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