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12. Eq. 23-6 (Gauss’ law) gives €,® = Genclosed -

(a) Thus, the value ® = 2.0 x 10’ (in SI units) for small » leads t0 geenra = +1.77 X 107°C
or roughly 1.8 uC.

(b) The next value that @ takes is — 4.0 x 10° (in SI units), which implies
q... =—3.54x107°C. But we have already accounted for some of that charge in part (a), so

the result for part (b) 1S g4 = Genc — Geentral = — 5.3 X 107°°C.

(c) Finally, the large r value for ® is 6.0 x 10° (in SI units), which implies

Qoo ene =3-31x107°C. Considering what we have already found, then the result is

Giotatenc ~ 94~ 9eentral — +8 9ﬂC

13. (a) Let A = (1.40 m)>. Then

=(3.00)(1.40)(1.40)’ =8.23 N-m?/C.

y=1.40

+(3.00yj)-(Aj)

cb:(3.ooyj)~(—Aj)

y=0

(b) The charge is given by
Gone = £P =(8.85x1077C*/N-m*)(8.23 N-m’/C) =7.29x107" C.

(c) The electric field can be re-written as £ = 3.00 yj+E0 , where EO =—4.00i+ 6.003 is a

constant field which does not contribute to the net flux through the cube. Thus ® is still
8.23 N-m*/C.

(d) The charge is again given by

Gone = £P =(8.85x1077C?/N-m’)(8.23 N-m’/C) =7.29x10™" C.
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20. We imagine a cylindrical Gaussian surface 4 of radius » and unit length concentric

with the metal tube. Then by symmetry CL E-dd=2mrE = denc.
80

(@) For ¥ <R, genc =0, 50 E=0.

(b) For 7 > R, genc = A, s0 E(r)=M\/27zre,. With 1=2.00x10" C/mand » = 2.00R =
0.0600 m, we obtain

(2.0x10™ C/m)
E= =5.99x10" N/C.
2m(0.0600 m)(8.85x107* C*/N-m?)

(c) The plot of E vs. r is shown below.
E

10000

Here, the maximum value is

Ao (2.0x10™ C/m)

= = =1.2x10* N/C.
2nre,  27m(0.030 m)(8.85x107* C*/N-m’)

max
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24. We reason that point P (the point on the x axis where the net electric field is zero)
cannot be between the lines of charge (since their charges have opposite sign). We
reason further that P is not to the left of “line 1 since its magnitude of charge (per unit
length) exceeds that of “line 2”; thus, we look in the region to the right of “line 2” for P.
Using Eq. 23-12, we have

A N A
2ne, (x + L/2)  2me,(x —L/2) -

Ewi = E, + B, =

Setting this equal to zero and solving for x we find

M—A, L
Mt A 2

X =

which, for the values given in the problem, yields x = 8.0 cm.

Qy

27. We assume the charge density of both the conducting cylinder and the shell are
uniform, and we neglect fringing effect. Symmetry can be used to show that the electric
field is radial, both between the cylinder and the shell and outside the shell. It is zero, of
course, inside the cylinder and inside the shell.

(a) We take the Gaussian surface to be a cylinder of length L, coaxial with the given
cylinders and of larger radius » than either of them. The flux through this surface is
® =2nrLE, where E is the magnitude of the field at the Gaussian surface. We may
ignore any flux through the ends. Now, the charge enclosed by the Gaussian surface is
Gene = Q1 + Oy = —01= -3.40x107"* C. Consequently, Gauss’ law yields 27zrg,LE =q_,_,

or

—-12
Do 3.40x10°" C — _0.214 N/C,

T 2me,Lr 27(8.85x1077 C2/N-m®)(11.0 m)(20.0x1.30x10"*m)

or | E|=0.214 N/C.

(b) The negative sign in £ indicates that the field points inward.
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(c) Next, for » = 5.00 R;, the charge enclosed by the Gaussian surface iS genc = Q1 =
3.40x107"* C. Consequently, Gauss’ law yields 27rg,LE =g, or

—12
Dene 3.40x10°~ C —0.855 N/C.

T e, Lr 272(8.85x10°7 C2/N-m?)(11.0 m)(5.00x1.30x10"m)

(d) The positive sign indicates that the field points outward.

(e) we consider a cylindrical Gaussian surface whose radius places it within the shell
itself. The electric field is zero at all points on the surface since any field within a
conducting material would lead to current flow (and thus to a situation other than the
electrostatic ones being considered here), so the total electric flux through the Gaussian
surface is zero and the net charge within it is zero (by Gauss’ law). Since the central rod
has charge Q, the inner surface of the shell must have charge O, =—0;=—3.40x10"">C.

() Since the shell is known to have total charge 0, = -2.000), it must have charge Qo =
0>~ O =-01=-3.40x107"* C on its outer surface.

47. To find an expression for the electric field inside the shell in terms of 4 and the
distance from the center of the shell, select 4 so the field does not depend on the distance.
We use a Gaussian surface in the form of a sphere with radius 7,, concentric with the
spherical shell and within it (a < ry < b). Gauss’ law will be used to find the magnitude of
the electric field a distance r, from the shell center. The charge that is both in the shell
and within the Gaussian sphere is given by the integral ¢, = Jp dV 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,

qS=4ﬂ'Jwgpr2dr=4ﬂ' fg érzdr=47[A fg rdr=2rx A (rgz—az).
la - la
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The total charge inside the Gaussian surface is ¢ +¢, =q+2n 4 (rgz —az). The electric
field is radial, so the flux through the Gaussian surface is @ = 47trg2E, where E is the

magnitude of the field. Gauss’ law yields 47580Erg2 =q+2n A(Vg2 - az). We solve for E:

E_

- 2 2
4re,

T Te

2mAa®
l:i+2n/1— nia }

For the field to be uniform, the first and last terms in the brackets must cancel. They do if
g —2nda* =0 or A = ¢/2na’. With a = 2.00 x 10 m and ¢ = 45.0 x 107" C, we have
A=1.79x10""C/m’.

N/

49. At all points where there is an electric field, it is radially outward. For each part of the
problem, use a Gaussian surface in the form of a sphere that is concentric with the sphere
of charge and passes through the point where the electric field is to be found. The field is

uniform on the surface, so (if E-dA=4mr’E , where r is the radius of the Gaussian surface.

For r < a, the charge enclosed by the Gaussian surface is ¢|(r/a)’. Gauss’ law yields

3
arrrE=| 4 (Lj —E=—0"_
& ) \a dre,a’
(a) For r =0, the above equation implies £ = 0.

(b) For = a/2, we have

g, (al2) (8.99x10°N-m*/C*)(5.00x107°C)

1 . - =5.62x107> N/C.
TTEya 2(2.00x10"m)

E

(c) For » = a, we have

p=_% _ (8.99%x10°N-m*/C*)(5.00x107"°C)

= e = =0.112 N/C.
o a (2.00x10"m)




—
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In the case where a <r < b, the charge enclosed by the Gaussian surface is ¢;, so Gauss’
law leads to

anrE=N o p=_t
&, 4re,r

(d) For » =1.50a, we have

o 9 _ (8.99x10°N-m*/C*)(5.00x107"°C)

= - — =0.0499 N/C.
4re,r (1.50x2.00x10™" m)

(e) In the region b < r < ¢, since the shell is conducting, the electric field is zero. Thus, for
r=2.30a, we have E = 0.

(f) For r > ¢, the charge enclosed by the Gaussian surface is zero. Gauss’ law yields
4nr’E =0= E =0. Thus, £=0 at r = 3.50a.

e
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50. The field is zero for 0 < r <a as a result of Eq. 23-16. Thus,
(@) E=0atr=0,

(b) E=0atr=a/2.00, and

(c)E=0atr=a.

For a <r <b the enclosed charge gen (for a <r <b) is related to the volume by

_ (4w 4ma’
qenc p 3 3 °

Therefore, the electric field is

E —
> 4meg’

I q.. p 47tr3_47ta3 P r—a’
4ne, r

B 3 3 ) 3,

fora<r<b.



(d) For » =1.50a, we have

p_ P (15000 —a’ _ pa 2.375 _ (1.84x107)(0.100) 2.375

> — =7.32 N/C.
3¢, (1.50a) 3g, 2.25 3(8.85x107°)  2.25
(e) For » = b=2.00a, the electric field is
303 -9
EZL(ZOOa) 2a _pal_(1.84x10 )((2;2100)Z=12.1 N/C.
3¢, (2.00a) 3¢, 4 3(8.85x107°) 4
(f) For 7> b we have E =g, /4ne,r’ or
303
=P b 2a
3g, r
Thus, for » = 3.00b = 6.00a, the electric field is
33 -9
E:L(ZOOa) a_pal _ (1.84x10 )(0.100)121.35 N/C.

3¢, (6.00a)’ 3g,36  3(8.85x107%) 4
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