Chapter 32

1. We use ZL@Bn =0 to obtain

5
Dy =—> Dy, =—(-1Wh+2Wb—-3Wb +4Wb-5Wh)=+3Wb .

n=1
2. (a) The flux through the top is +(0.30 T)zr? where r = 0.020 m. The flux through the
bottom is +0.70 mWhb as given in the problem statement. Since the net flux must be zero
then the flux through the sides must be negative and exactly cancel the total of the
previously mentioned fluxes. Thus (in magnitude) the flux though the sides is 1.1 mWb.

(b) The fact that it is negative means it is inward.

3. (a) We use Gauss’ law for magnetism:fﬁ B-dA=0. Now,
§ B-dA=,+®,+ g,

where @ is the magnetic flux through the first end mentioned, @, is the magnetic flux
through the second end mentioned, and ®c¢ is the magnetic flux through the curved
surface. Over the first end the magnetic field is inward, so the flux is ®; = -25.0 xzWh.
Over the second end the magnetic field is uniform, normal to the surface, and outward, so
the flux is ®, = AB = ar’B, where A is the area of the end and r is the radius of the
cylinder. Its value is

@, = (0120 m)*(1L60x 107 T) = +7.24 x10° Wb = +72.4 z\Wb .
Since the three fluxes must sum to zero,
O, =-D, -0, =250Wb—-72.4 Wb =—-47.4 LD .
Thus, the magnitude is |® | =47.4 4Wb.
(b) The minus sign in @ indicates that the flux is inward through the curved surface.

4. From Gauss’ law for magnetism, the flux through S; is equal to that through S,, the
portion of the xz plane that lies within the cylinder. Here the normal direction of S; is +y.
Therefore,
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y(8) = D4 (S,) = [ BOOL dx=2[" B (L dx=2 _rr;‘—:r'Zrl_x L dx='u°7ll'ln3 |

5. We use the result of part (b) in Sample Problem — “Magnetic field induced by
changing electric field,”

2
B:@d_E’ (rZR)
2r dt
to solve for dE/dt:
dE _ 2Br _ 2(2.0x107 T)(6.0x10"° m) YN
dt  &R° (4nx107 T-m/A)(8.85x107 CI/N-m?)(3.0x10°m)’ m-s

6. The integral of the field along the indicated path is, by Eqg. 32-18 and Eq. 32-19, equal
to

. ( enclosed area
Old

_ i (0.75 AY A0 M0 CM) g
total area

12 cm?

7. (a) Inside we have (by EQq. 32-16) B = u,i,r,/27R* , where r,=0.0200 m,
R =0.0300 m, and the displacement current is given by Eq. 32-38 (in Sl units):

do, _ (8.85x107* C*/N-m?)(3.00x107° V/m-s) =2.66x10™* A .

4 =&

Thus we find

: -7 -14
B Holghy _ (47 %107 T-m/A)(2.66x10" A)(0.0200 m) 118x10°%° T

27R? 27(0.0300 M)’

(b) Outside we have (by Eq. 32-17) B = w,i, /271, where r,= 0.0500 cm. Here we
obtain

5 _ toly _ (47x107 T-m/A)(2.66x10™ A)
27, 27(0.0500 m)

=1.06x10"° T

8. (a) Application of Eq. 32-3 along the circle referred to in the second sentence of the
problem statement (and taking the derivative of the flux expression given in that sentence)
leads to

B(271) = £, (0.60 V-m/s)%.

Using r = 0.0200 m (which, in any case, cancels out) and R = 0.0300 m, we obtain
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5 _ £otp(060V-mis) _ (8:85x10™ C*/N-m’)(4nx107 T-m/A)(0.60 V- ms)
27R 22(0.0300 m)
=3.54x10" T.

(b) For a value of r larger than R, we must note that the flux enclosed has already reached
its full amount (when r = R in the given flux expression). Referring to the equation we
wrote in our solution of part (a), this means that the final fraction (r/R) should be
replaced with unity. On the left hand side of that equation, we set r = 0.0500 m and solve.
We now find

 6,14,(0.60 V-m/s)  (8.85x1072 C2/N-m?)(4nx107 T-m/A)(0.60 V- m/s)
27T 272(0.0500 m)
—2.13x107 T.

B

9. (a) Application of Eq. 32-7 with A = ar* (and taking the derivative of the field
expression given in the problem) leads to

B(27r) = &,u,7r?(0.00450 V/m-s).

For r = 0.0200 m, this gives

B= %go,uor(o.00450 vim-s)
1

= 5(8.85><10‘12 C2IN-m?)(47 x107 T-m/A)(0.0200 m)(0.00450 VV/m-s)
=5.01x10% T.
(b) With r > R, the expression above must replaced by
B(27r) = &,u,7R* (0.00450 VV/ms).
Substituting r = 0.050 m and R = 0.030 m, we obtain B = 4.51 x 10 %*T.

10. (a) Here, the enclosed electric flux is found by integrating

' i, T 1, r
b, = IO E 2zrdr =t(0.500 V/m -s)(27r)j0 (1—Ej rdr = tﬂ'(a r° —S—Rj

with SI units understood. Then (after taking the derivative with respect to time) Eq. 32-3
leads to

B(2zr) =g u,7 iI’z—r—3
ot 5 3R )’
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2 2 2

2r dt 2rd dt 2rd .
:—ﬂogoszmaxw (forr>R)
2rd

(note the B o« r* dependence — see also Egs. 32-16 and 32-17). The plot (with SI units
understood) is shown below.

12. From Sample Problem — “Magnetic field induced by changing electric field,” we
know that B oc r for r <R and B o r™ for r > R. So the maximum value of B occurs at r =
R, and there are two possible values of r at which the magnetic field is 75% of Byax. We
denote these two values as r; and rp, where r; <R and r, > R.
(@) Inside the capacitor, 0.75 Bmax/Bmax = ri/R, or r; =0.75 R = 0.75 (40 mm) =30 mm.
(b) Outside the capacitor, 0.75 Bma/Bmax = (r2/R)™, or

r, = R/0.75 = 4R/3 = (4/3)(40 mm) = 53 mm.

(c) From Egs. 32-15 and 32-17,

wi, i (47x107 T-m/A)(6.0A)
"™ 27R 27R 27(0.040m)

=3.0x107°T.

13. Let the area plate be A and the plate separation be d. We use Eq. 32-10:

: dd d d(V) gA(dV
=6 g =g A8 =eong ()= )

or
d_Vzﬁzll:L'A\_G:7.5X105V/S.
t & C 20x10"F
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Therefore, we need to change the voltage difference across the capacitor at the rate of
7.5%x10° VIs.,

14. Consider an area A, normal to a uniform electric field E . The displacement current
density is uniform and normal to the area. Its magnitude is given by Jg = ig/A. For this
situation , i, = g,A(dE/dt), so

J, =130Ad—E: 50d—E.
A dt dt

15. The displacement current is given byi, =&, A(dE /dt), where A is the area of a plate

and E is the magnitude of the electric field between the plates. The field between the
plates is uniform, so E = V/d, where V is the potential difference across the plates and d is
the plate separation. Thus,

i _SAdV
T d dt

Now, &A/d is the capacitance C of a parallel-plate capacitor (not filled with a dielectric),
SO
,=cI
dt

16. We use Eq. 32-14: i, = ¢,A(dE /dt). Note that, in this situation, A is the area over

which a changing electric field is present. In this case r > R, so A = zR% Thus,

de i, Iy 2.0A n V
——d o4 e > =7.2x10" —.
dt  5A £7R° 7(8.85x10™* C*/N-m*)(0.10m) m-s

: _ i (162x107°Q2-m)(100A)
17. (a) Using Eq. 27-10, we find E=pJ =—=

A 500x 10°m? =0324V/m.

(b) The displacement current is

d °dt O dtl A dt
—287x107%A.

i, = &, dbe _, A% _, AQE”')=gopﬂ=(8.85x10-12F/m)(1.62xlo-SQ)(zoOOA/s)

B(duetoiy) i, /271 i, 2.87x107°A

- . < =2.87x107",
B(duetoi)  si/2zr i 100A

(c) The ratio of fields is

18. From Eq. 28-11, we have i = (¢/R) eV since we are ignoring the self-inductance of
the capacitor. Equation 32-16 gives
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B — #Oidl; ]
27R

Furthermore, Eq. 25-9 yields the capacitance

o _ &(0.05 m)’

=2.318x10"F,
0.003 m

so that the capacitive time constant is
r=(20.0 x 10°€2)(2.318 x 10 ** F) = 4.636 x 10™*s.
Att =250 x 10 °s, the current is

_ 120 V _t/.c _ 7
I =200x 10°0 © =350 x107°A.
Since i = ig (see Eq. 32-15) and r = 0.0300 m, then (with plate radius R = 0.0500 m) we
find
8- Loigt  (A4nx107"T-m/A)(3.50x10™" A)(0.030 m)

- = - =8.40x107° T.
27R 27(0.050 m)

19. (a) Equation 32-16 (with Eq. 26-5) gives, with A = 7zR2,

B— Holy T _ Hodq AT _ ﬂo‘]d(”Rz)r 21

= =—fdyr
27R? 2R’ 2gR: 2 lhe

= % (4nx107 T-m/A)(6.00 A/m?)(0.0200 m) = 75.4 nT .

H 2
(b) Similarly, Eq. 32-17 gives B = 20l — #daR°_ 67 g r
2rr 2rr

20. (a) Equation 32-16 gives B = ;O—'E; =222 4T,
T

(b) Equation 32-17 gives B = /2‘0—"* ~2.00 uT.
wr

21. (a) Equation 32-11 applies (though the last term is zero) but we must be careful with
igenc. It is the enclosed portion of the displacement current, and if we related this to the
displacement current density Jq, then

Id enc

_ (" _ 2 r _ 1, r
—L J,27r dr = (4.00 A/m )(27z)j0 (1-r/R)r dr—87z[5r _ﬁj



