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5-11.

The potential at P due to a small mass element dm inside the body is
dm dm

o = —G———-=—G———————— 1)
Vz? +a* = 2zacos O

Integrating (1) over the entire volume and dividing the result by the surface area of the sphere,
we can find the average field on the surface of the sphere due to dm:

6
o, = J- 27a* sin 8 d@ } @
oNzZ* +a? - 2zacos6
Making the variable change cos 8= x, we have
+1
P - ®)
23 (12 +a2)-Zzax

Using Eq. (E.5), Appendix E, we find

o, = S im [—;1;\/(22 + u2)~ 2za +-21;\/(22 i uz) & ZzaJ

= . am )
z

This is the same potential as at the center of the sphere. Since the average value of the potential
is equal to the value at the center of the sphere at any arbitrary element din, we have the same
relation even if we integrate over the entire body.

5-12.

Let P be a point on the spherical surface. The potential d® due to a small amount of mass dm
inside the surface at P is

Gdm
r

The average value over the entire surface due to dm is the integral of (1) over dQ divided by 4.
Writing this out with the help of the figure, we have

iD=

1)

o de f 27 2s'm 6do @
Jr'z +R*—-2r'Rcos @
Making the obvious change of variable and performing the integration, we obtain
do, = de f du Gdm G

l\jr’2+R2—27'Rll R
We can now integrate over all of the mass and get ®,,, =—Gm/R . This is a mathematical

statement equivalent to the problem’s assertion.

5-21. (We assume the convention that D > 0 means m is not sitting on the rod.)

The differential force dF acting on point mass m from the element of thickness dx of the rod,
which is situated at a distance x from m, is

G(M/L)mdx

JF = - GMm ™ d_zc GMm
x

F= de_ e O
L 3 x* D(L+D)

And that is the total gravitational force acting on m by the rod.
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6-7.

(1, >my)

The time to travel the path shown is (cf. Example 6.2)
Jl+y”?
p= [ Y gy )
v v
Although we have v = v(y), we only have dv/dy #0 when y = 0. The Euler equation tells us
d Y
| —t—|=0 @
dx L J1+y? }
Now use v=c/n and y' =-tan 6 to obtain

n sin €= const. 3)



