Chapt er 23

1
The vector area A and the electric field E are shown on the dia- A 350
gram to the right. The angle 6 between them is 180° — 35° = 145°, 9
so the electric flux through the area is ® = £ - A = FEAcosf =
(1800N/C)(3.2 x 1073 m)? cos 145° = —1.5 x 102N - m?/C.
E

9

Let A be the area of one face of the cube, F,, be the magnitude of the electric field at the upper
face, and Ey, be the magnitude of the field at the lower face. Since the field is downward, the
flux through the upper face is negative and the flux through the lower face is positive. The flux
through the other faces is zero, so the total flux through the cube surface is ® = A(E, — E,).
The net charge inside the cube is given by Gauss’ law:

q=e® = A(E, — E,) = (8.85 x 1072 C?/N - m*)(100 m)*(100N/C — 60.0N/C)
=3.54 x107°C=3.54 uC.

19

(a) The charge on the surface of the sphere is the product of the surface charge density o and
the surface area of the sphere (472, where r is the radius). Thus

1.2m\
q = 4nrio = 4x <Tm> (8.1 x 107C/m?) =3.7x 1075C.

(b) Choose a Gaussian surface in the form a sphere, concentric with the conducting sphere and
with a slightly larger radius. The flux through the surface is given by Gauss’ law:

3.7 % 1075C
q._ a = 4.1 x 10°N - m?/C.

@ =
€ 8.85x 10 12C2/N - m?

23

The magnitude of the electric field produced by a uniformly charged infinite line is E = \/2we,r,
where A is the linear charge density and r is the distance from the line to the point where the
field is measured. See Eq. 23—12. Thus

A =2meEr =2m(8.85 x 10712 C?/N - m?)(4.5 x 10°N/C)(2.0m) =5.0 x 107°C/m.
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27

Assume the charge density of both the conducting rod and the shell are uniform. Neglect fringing.
Symmetry can be used to show that the electric field is radial, both between the rod and the shell
and outside the shell. It is zero, of course, inside the rod and inside the shell since they are
conductors.

(a) and (b) Take the Gaussian surface to be a cylinder of length L and radius r, concentric
with the conducting rod and shell and with its curved surface outside the shell. The area of the
curved surface is 2mr L. The field is normal to the curved portion of the surface and has uniform
magnitude over it, so the flux through this portion of the surface is ® = 2nrLE, where E is the
magnitude of the field at the Gaussian surface. The flux through the ends is zero. The charge
enclosed by the Gaussian surface is () — 2.00Q; = —Q;. Gauss’ law yields 27wregLE = —Q)1,
SO

Qi (899 x 10° N -m?/C*)(3.40 x 10712C) _ _0214N/C.

2megLr (11.00m)(26.0 x 103 m)

The magnitude of the field is 0.214N/C. The negative sign indicates that the field points inward.

(c) and (d) Take the Gaussian surface to be a cylinder of length L and radius r, concentric with
the conducting rod and shell and with its curved surface between the conducting rod and the
shell. As in (a), the flux through the curved portion of the surface is ® = 2xrLE, where E is
the magnitude of the field at the Gaussian surface, and the flux through the ends is zero. The
charge enclosed by the Gaussian surface is only the charge ), on the conducting rod. Gauss’
law yields 2megr LE = @)1, so

Qi _ 2(8.99 x 10°N - m?/C?)(3.40 x 10~ C)

- = +0.855N/C.
2meoLr (11.00m)(6.50 x 103 m) /

The positive sign indicates that the field points outward.

(e) Consider a Gaussian surface in the form of a cylinder of length L with the curved portion
of its surface completely within the shell. The electric field is zero at all points on the curved
surface and is parallel to the ends, so the total electric flux through the Gaussian surface is zero
and the net charge within it is zero. Since the conducting rod, which is inside the Gaussian
cylinder, has charge @1, the inner surface of the shell must have charge —Q; = —3.40 x 10~ 2 C.

(f) Since the shell has total charge —2.00Q; and has charge —(); on its inner surface, it must
have charge —@Q; = —3.40 x 10~'2C on its outer surface.

35

(a) To calculate the electric field at a point very close to the center of a large, uniformly charged
conducting plate, we may replace the finite plate with an infinite plate with the same area charge
density and take the magnitude of the field to be £ = o /¢y, where o is the area charge density
for the surface just under the point. The charge is distributed uniformly over both sides of the
original plate, with half being on the side near the field point. Thus

=L =""" " ~=469x107*C/m’.
7724 2(0.080m) x /m
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The magnitude of the field is

o 4.69 x 1074 C/m’
— = =53 x 10"N/C.
0 8.85x 10-2C2/N - m? < 10N/

E:

The field is normal to the plate and since the charge on the plate is positive, it points away from
the plate.

(b) At a point far away from the plate, the electric field is nearly that of a point particle with
charge equal to the total charge on the plate. The magnitude of the field is E = q/4meyr?, where
r is the distance from the plate. Thus

(8.99 x 109N - m?/C*)(6.0 x 1076C)
(30 m)2

E = 60N/C.

41

The forces on the ball are shown in the diagram to the right. The grav- T !
itational force has magnitude mg, where m is the mass of the ball; the 0
electrical force has magnitude ¢qF, where ¢ is the charge on the ball and
E is the electric field at the position of the ball; and the tension in the qE
thread is denoted by 7T'. The electric field produced by the plate is normal

to the plate and points to the right. Since the ball is positively charged, mg
the electric force on it also points to the right. The tension in the thread

makes the angle 6 (= 30°) with the vertical.

Since the ball is in equilibrium the net force on it vanishes. The sum of the horizontal components
yields gF — T'sinf = 0 and the sum of the vertical components yields 7 cosf# — mg = 0.
The expression T' = qF/sin@, from the first equation, is substituted into the second to obtain
qFE = mgtan6.

The electric field produced by a large uniform plane of charge is given by E = o /2¢y, where o

is the surface charge density. Thus
qo

% = mgtan
and
2epmg tan 6
0‘ -—f——_————
q
_ 2(8.85 x 1072C?/N - m?)(1.0 x 10~ kg)(9.8 m/s”) tan 30°
2.0x 10-8C
=5.0x107°C/m’.
45

Charge is distributed uniformly over the surface of the sphere and the electric field it produces at
points outside the sphere is like the field of a point particle with charge equal to the net charge
on the sphere. That is, the magnitude of the field is given by E = q/4meor?, where q is the
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magnitude of the charge on the sphere and r is the distance from the center of the sphere to the
point where the field is measured. Thus
(0.15m)*(3.0 x 10°N/C) _

-9
8.99 x 109N - m2/C? 7.5%x107°C.

q = 4megr’E =

The field points inward, toward the sphere center, so the charge is negative: —7.5 x 10~° C.

49

To find an expression for the electric field inside the shell in terms of A and the distance from
the center of the shell, select A so the field does not depend on the distance.

Use a Gaussian surface in the form of a sphere with radius r,, concentric with the spherical
shell and within it (a < 74 < b). Gauss’ law is used to find the magnitude of the electric field a
distance 7, from the shell center.

The charge that is both in the shell and within the Gaussian sphere is given by the integral
gene = [ pdV over the portion of the shell within the Gaussian surface. Since the charge
distribution has spherical symmetry, we may take dV' to be the volume of a spherical shell with
radius  and infinitesimal thickness dr: dV = 4mr? dr. Thus

Ty YA g
Qenc = 47T/ ,07"2 dr = 47r/ —r?dr= 47rA/ rdr = 27TA(7"$2] - az) .
a a r a

The total charge inside the Gaussian surface is ¢ + gene = ¢ + 27TA(7"§ —a?).

The electric field is radial, so the flux through the Gaussian surface 1s ¢ = 47rr§E, where E is
the magnitude of the field. Gauss’ law yields

47T€0E7‘$2] =q+ 27TA(7‘$2] —d?).

Solve for E:

2
5o 1 i+27rA—27TAa

dreg |72 r’
For the field to be uniform, the first and last terms in the brackets must cancel. They do if

q—2mAa’=0or A=q/2ma® = (45.0 x 10715C)/2m(2.00 x 102 m)* = 1.79 x 10~ C/m’.

59
(a) The magnitude E; of the electric field produced by the charge ¢ on the spherical shell is
E,=q/ 47T€0R(2), where R, is the radius of the outer surface of the shell. Thus

(450N/C)(0.20m)*

- =20x10""C.
8.99 x 10°N - m?/C

q= 47T60E1Rf) =

(b) Since the field at P is outward and is reduced in magnitude the field of () must be inward. @)
is a negative charge and the magnitude of its field at P is F, =450N/C — 180N/C=270N/C.
The value of @ is

(270N /C)(0.20 m)?

=—-12x107°C.
8.99 x 10°N - m2/C)? 8

Q= 47T€0E2R(2) = —
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(c) Gauss’ law tells us that since the electric field is zero inside a conductor the net charge inside
a spherical surface with a radius that is slightly larger than the inside radius of the shell must be
zero. Thus the charge on the inside surface of the shell is +1.2 x 10~° C.

(d) The remaining charge on the shell must be on its outer surface and this is 2.0 x 1072 C —
12x107°C=+0.8 x 107°C.

69

(a) Draw a spherical Gaussian surface with radius 7, concentric with the shells. The electric
field, if it exists, is radial and so is normal to the surface. The integral in Gauss’ law is
$ E-dA = 4nr?E, where E is the radial component of the field. For r < a then charge enclosed
is zero. Gauss’ law gives 47r’E =0, so £ = 0.

(b) For a < r < b the charge enclosed by the Gaussian surface is q,, so the law gives 4rr?E =
qa/€o and E = q, /4meor?.

(c) For r > b the charge enclosed by the Gaussian surface is g, + qp, S0 4megE = (qa + qb)/ €0
and E = (¢ + qv) /4meor?.

(d) Consider first a spherical Gaussian with radius just slightly greater than a. The electric field
is zero everywhere on this surface, so according to Gauss’ law it encloses zero net charge. Since
there is no charge in the cavity the charge on the inner surface of the smaller shell is zero. The
total charge on the smaller shell is g, and this must reside on the outer surface. Now consider a
spherical Gaussian surface with radius slight larger than the inner radius of the larger shell. This
surface also encloses zero net charge, which is the sum of the charge on the outer surface of the
smaller shell and the charge on the inner surface of the larger shell. Thus the charge on the inner
surface of the larger shell is —¢q,. The net charge on the larger shell is g3, with —¢q, on its inner
surface, so the charge on its outer surface must be g, — (—q4) = q» + qa-

76

(a) The magnitude of the electric field due to a large uniformly charged plate is given by o /2¢,
where o is the surface charge density. In the region between the oppositely charged plates the
fields of the plates are in the same direction, so the net field has magnitude F = o/¢;. The
electrical force on an electron has magnitude eFE = eo /ey and the gravitational force on it is
mg, where m is it mass. If these forces are to balance, they must have the same magnitude, so
mg = eo /€y and

mgeo  (9.11 x 1073 kg)(9.8 m/s*)(8.85 x 10~12C2/N - m?)
o' = =

=49 x 1072 C/m’.
e 1.60 x 10-9C 9 x 1077 C/m

(b) The gravitational force is downward, so the electrical force must be upward. Since an electron
1s negatively charged the electrical force on it is opposite to the electric field, so the electric field
must be downward.

79

(a) Let @ be the net charge on the shell, ¢; be the charge on its inner surface and g, be the charge
on its outer surface. Then Q) = ¢; + g, and ¢; = Q — g, = (—10 uC) — (—14 uC) = +4 uC.
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(b) Let q be the charge on the particle. Gauss’ law tells us that since the electric field is zero
inside the conducting shell the net charge inside any spherical surface that entirely within the
shell is zero. Thus the sum of the charge on the particle and on the inner surface of the shell is

Zero, so q+qz~=0andq=_ z'=_4,LLC~
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