Homework # 2 Solutions

1. Gauss’s law dictates that the net flux through any closed surface is given by the charge
enclosed divided by € (eg = 8.85 x 10712C2/Nm?). The charge enclosed by the sphere of radius
R < a is just the point charge ¢, so the total electric flux is ¢/e.

2. Using Gauss’s law, the electric flux ®g, through the surfaces are:

Ps, = (—2Q + Q)/eo = —Q/co, Ps; = (—2Q+Q —Q)/e0 = —2Q/ep, Ps, = Pg, =0.

3. The electric field of a uniform solid sphere of radius R with charge @ distributed throughout
its volume is

By = "% <n)
E(r) = k;@f' (r > R).

Here R = 0.4 m. The field values are as follows:

(b) E(r=010m) = ke%fii?;l)
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(d) E(r=0.6m)= (0%2)2

4. (a) Begin by defining a linear surface charge density A = QQ/L, where L is the length of the
cylinder and @ is the net charge on the shell. Since L is much larger than the field point r at which
we know the electric field, the the length of the cylinder can be approximated as infinite. Gauss’s
law can be used to obtain the electric field; the electric flux through a Gaussian surface (cylinder)
of arbitrary length [ enclosing the cylindrical shell is:

S l
/E CdA = B(r)2mr] = Jenclosed _ AL (1)
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This gives
A
E(r) = 2
() = 3o )
and thus
Q = AL = 27megrE(r)L. (3)

(b) To determine the electric field at a value r < R, draw a Gaussian surface at 7. There is
no charge enclosed by this surface, so the electric field is zero in this region.



5. The electric field just outside the spherical shell (inner radius r;, outer radius rp) can be
determined by Gauss’s law:

/E . d/f: E(T’)47r7’2 _ Genclosed _ Qsph + q’ (4)
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such that o
Blr) = ke )
In the above,
4 3 5
Qsph = pVsph = Pgﬂ(% —ry),

p is the volume charge density, and ¢ is the charge at the center of the shell. Since both ¢ and Qpp,
are negative, the force on the orbiting proton provides a centripetal acceleration:
(1Qspn +lal) _ mpv?
F = q,B(r) = gpke~—"" = L. (6)
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The speed of the proton’s orbit is
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6. The middle of a large uniformly charged sheet can be approximated as an infinite uniform
sheet of charge. Upon drawing a pillbox with cross-sectional area A, Gauss’s law gives

— e enclose A
/E~dA:EA:q losed _ 72 8)
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such that o
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It points upward (i.e., away from the charged sheet) since the surface charge density o > 0.

7. (a) To obtain the charge per unit length on the inner surface of the cylinder, first recall that
inside a conductor, the electric field must be zero. By Gauss’s law,

/E’ . dA’ _ Qenclosed. (10)
€0

The charge enclosed by a Gaussian cylinder of length [ with a radius just inside the conductor must

then be zero:
/E" . d/Y: 0= ()‘l + )\innerl)’ (11)
€0

such that Ajpner = —A.

(b) Since the total charge per unit length on the cylinder is 2], the charge per unit length on
the outer surface of the cylinder is given by Aputer = 2A — Aipner = 2A — (=) = 3\

(c) To obtain the E field outside the cylinder, draw a Gaussian cylinder of length [ at radius
r. Using Gauss’s Law,
Genclosed 37)\l
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/E LA = E(r)2mrl = (12)
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The electric field is then

3\
E(r)= : 13
(r) 2meqr (13)
8. The potential difference needed to stop an electron with initial speed v; is
1
§mv2 = AV (14)
(9.11 x 1073 kg)v?
AV = — 1
v 2(1.6 x 10719 C) (15)
9. The electric field is given by A
v

10. To evaluate the potential difference, we need to determine the electric field and the height of
the ball’s trajectory. Given the initial velocity of the ball vg and the time for a round trip trajectory
t,, we can solve for the acceleration using the fact that at the top of the trajectory, v = 0:

t
U:0:110+CL5T, (17)
such that 5
a=--"2 (18)
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(the minus sign reflects that it is directed downward). The magnitude of the acceleration is related
to the electric field as follows:

lq|E 2
= |a| = 19
g+ 22 <ol = 32, (19)
where g = 9.8m/s%. Solving this equation for E yields
m [ 2vg >
=— (= —g). 20
4| < tr (20)
The distance to the top of the trajectory can be obtained by
tr 1 [/t.\?
Ay = — 4+ —-a| = 21
v = wy+ye() (21)
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The potential difference is given by
Y o
AV = —/ B ds= EAy, (23)
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