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Four Charges and An E-Field (25,000 points)

1.)  Four charges, |q| = 6.00 x 10-6 C, are rigidly arranged in a square (L = 10.0 cm = 0.100 m) as shown.
(a) Find the electric field vector, 

�

Etotal , at the center of the square of charges at point P.

(b) Find the electric field vector, 
�

Etotal , at a point +10.0 cm k (0.100 m) out of the plane of the paper,
above the point P.

(c)  Find the force vector, 
�

Ftotal , on the upper left charge due to the other three charges.

(d)  One of the +q charges and one of the -q charges can be thought of as forming a dipole.  Find the
dipole moment, p, of any of these dipoles, and sketch all the possible dipole vectors, 

�

p .

(e)  A constant electric field, 
�
E N Ci� 150. / � , applies everywhere.  Show whether these four charges,

rigidly held together, will translate or rotate in the applied E-field.
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Earth 2 - The Problem   (25,000 points)

2.)  In class Dr. Phil commented that it is very important the charge of the electron (-e) and the proton (+e)
are exactly the same magnitude.  Suppose this is not true.  Suppose that the charge on the electron was
-1.602 000 000 100 x 10-19 C and the charge on the proton was +1.602 000 000 200 x 10-19  C.  Then there
would be this charge difference for every proton-electron pair in every atom in the entire Earth.  There is
one mole (6.02 x 1023 ) of these charge differences, �q,  for every gram of matter.  (a) If the mass of the
Earth is 5.98 x 1024 kg, find the total number of these charge differences, n, the total charge on the Earth,
Q, and the charge density, �.  (Rearth = 6.37 x 106 m; Vsphere = 4/3 � r3 

)

�(b)  Use Gauss’ Law and integrate over a spherical Gaussian surface to find the E-field on the surface of
the Earth.

�(c)  Use Gauss’ Law and integrate to find the E-field on a spherical Gaussian surface inside the Earth, R
= 1.00 x 106 m.

(d)  The Moon (mass = 7.36 x 1022 kg) translates to a charge difference in this problem of
Q´ =  4.43 x 1020 C .  The distance between the Moon and the Earth is 3.82 x 108 m.  Find the Coulomb
Force between Moon and Earth in this problem.

      

(e)  We are also fortunate that the Coulomb Force is exactly 1/r2.  If the Coulomb Force was something
else, such as 1/r2.1, express the difference in the Coulomb Force between the Earth and the Moon in some
manner.  If you cannot evaluate an expression on your calculator, at least do the set-up.
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Gauss’ Law  & Order  (25,000 points)

3.)   Consider an infinite line of charge,�� = 1.00 x 10-4 C/m, and (a) use Gauss’ Law to find the E-field at
a point P a distance r from the line, where r is 0.100 m, 1.00 m  and  10.0 m.  (Three answers.)

(b)  Using the result from Chapter 24 -Problem 33P † , for the magnitude of E at a point P above the
middle of a finite line of charge, L = 1.00 m  and � = 1.00 x 10-4 C/m, at a distance r from the line, where

r is 0.100 m, 1.00 m  and  10.0 m.  E
q

r L r
�

�2

1

40
2 2�� ( )

�(3c)  Find the magnitude of E by direct integration at a point P from a finite line of charge, L = 1.00 m
and � = 1.00 x 10-4 C/m,  where d is 0.100 m, 1.00 m  and  10.0 m.

(d) Find the magnitude of E at a point P above a finite line of charge, L = 1.00 m and � = 1.00 x 10-4 C/m,
at a distance r from the line by assuming that the entire charge q is a point charge at the center of the line
of charge, where r is 0.100 m, 1.00 m  and  10.0 m.

(e)  Finally, find the vector 
�

E  at point P, at a distance d
from the end of  a line charge�� of length L plus a distance
d from an infinite line charge��.

                                                          
† The textbook used in Summer 1995 was Fundamentals of  Physics (4th edition) / Halliday, Resnick and Walker.
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The Atoms Family  (25,000 points)

4.)  A helium ion, He+, consists of  two protons and two neutrons in the nucleus, and a single electron
orbiting around outside.  (a) Find the electric field, E, at a point 1.00 m from this ion.

(b) The two protons are about 1 fermi apart.  This is 1 femtometer or 1.00 x 10-15 m.  Find the electric
force between the two protons, and find the initial acceleration of one of the protons assuming that there
was no strong nuclear force from the neutrons holding the nucleus together.

�(c)  If the proton starts out at rest, find the work done on the proton as it is repelled.  Integrate F dxEa

�

� ,

where a = 1.00 x 10-15 m.  Assume that the second proton remains at rest.

(d)  Use the work done on the proton in (c) to find the final speed of the proton.  mp = 1.67 × 10-27 kg.

(e)  If we take a classical view of the atom, then the electron in orbit (r = 1 Å = 1.00 x 10-10 m) is in
Uniform Circular Motion:  ac = v2/ r.  Find the speed of the electron.


