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PHi126 Exam 1

Instructions
1. Solve two of the four problems below. All problems have equal weight.
2. Clearly mark your which problems you have chosen using the tick box.

3. You are allowed 1 sheet of standard g.sx111in paper and a calculator.

o 1. Four positively charged bodies, two with charge Q and two with charge g, are connected by four
unstretchable strings of equal length. In the absence of external forces they assume the equilibrium con-

figuration shown in the diagram.
Show that tan3 0=q2/Q>.

Note: This can be done in two ways. You could show that this relation must hold if the total force on
each body, the vector sum of string tension and electrical repulsion, is zero. Or you could write out the

expression for the energy U of the assembly and minimize it.
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o 2. An electric dipole in a uniform electric field E is displaced slightly from its equilibrium position, as
shown above. The angle between the dipole axis and the electric field is 6 (you may assume 6 is small).

The separation of the charges is 2a, and the moment of inertia of the dipole is I.

Assuming the dipole is released from this position, show that its angular orientation exhibits simple

harmonic motion with a frequency
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o 3. The charge distribution shown above is not quite a dipole, but may be considered to be the superpo-

sition of a dipole and a monopole.

(a) Find an approximate form for the potential at a point P(¥) far from the charges (d < x, z) in terms of
the radial distance r and angle 6. You may treat the problem in two dimensions if you wish.

(b) Find an approximate form for the electric field at P.

Note: you may find the following approximation useful: (1 +x)™ & 1 + nx. See the last exam sheet for
formulas relating to spherical coordinates . ..

o 4. A sphere of radius R carries a charge density p(r) =cr, where c is a constant.

(a) Find the total charge Q contained in the sphere.

(b) Find the electric field everywhere.
(c) Find the energy of the configuration.

Note: there are two straightforward ways for the last part: from the energy in the electric field everywhere,

and from the potential over the charge distribution.



Constants:

ke = 1/4meo =8.98755x 109 N-m?.C~2
€o = 885x10 '2C?/N-m?
e = 1.60218x10°'°C
m,- = 9.10938 x10 3lkg
m,+ = 1.67262x 1027 kg
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Vectors:
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Vector Calculus:

al =& dx + §dy+2dz length, cartesian

Fdr+6rde+ @rsin@de length, spherical
dT = dxdydz volume, cartesian

r2sin 0 dr d@ d¢ volume, spherical

v )'ciJrAiJrii cartesian
T Yoy ez

-~ .0 ~1 0 . 1 9 .
< P +9?% +(prsin9 ks spherical
V-F 0 o 2 cartesian

“ox "oy Taz

. 100 g, 10, 1 0Fg
F== 2 (2h)+ —— 2 (sinoF L'
v 2 or (r r)+rsin9 30 SnOFe) + o8 T

cartesian (x, y) polar (r, 0)
r=+/x2 +y? x =r1coso
0 =tan"1 (y/x) Yy =71sin®

cartesian (x,y, z)

= r=1/x2+y2+22

S e —tan (%)

[ 0 =tan 1 (\/X2+y2/z)
spherical (r, (p\%", elF)

g x = Tsin 0 cos @

3] y = rsin0sin @

s z=rTcos0

cartesian (X, Yy, z, )

_ t=lkxx+yh+z2)

g F=sinBcos@X +sinOsine{ +cosO2

g o

8 6=cosBcospX+cosOsingy —sin6z

& @ =—sinpX+cosey
sphcrical(r,(pl%n,ﬁ\g)

g R =sin@cos @ ¥ + cos B cos @B —sin @ §

] U =sin@sin @+ cos0sin @ 8+ cos @ @

g 2 =cosOF —sin0d

Calculus of possible utility:
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