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Basic laws of electricity and magnetism
L_orentz force law:

F=qgE+qvxB
***Maxwell’s Equations***

Coulomb's & Gauss's law :  {{E-dA =, /&,

enclosed

Magnetic Gauss's law : {{B-dA =0

Ampere's law : B -ds = ;| +

. _ d
Faraday's law : §E.ds:—EHB-dA
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***Complete Maxwell’s Equations***

HE-dA =0, / &,
f{B-dA=0

d
§B°dszluolenclosed +luo Oaj EdA

d
§E-ds:—a”8-dA

Why?
*Experimental evidence
Mathematical consistency of the 4 Maxwell equations
«Symmetry between E and B (Einstein’s theory of relativity)
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Onhne Quiz for Lecture 13
Magnetic materials -- Feb. 21, 2005

The constant ngeyp appears in Maxwell's induction law.

1. Plug in the values of the permeability and permittivity
congtants into this product and find the square root of the
inverse. Compare the value yvou get with the values of the
physical constants listed on the back jacket of your text.

2. What physical constant has this value?

3. Do the umts make sense?

2 1

S
g =12566x10"-8.85x10™" — =
a m* (3x10°m/s)
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Example of time-varying electric flux
between two capacitor plates: - _o _a)/A

Side view: Top view:
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View of electric field between two capacitor plates:

(E pointing into screen) _Charge on plates
e =20 _a)/ Ap\
&, &, area of plates
dE(t) 1 dq(t)
dt  Ag, dt
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Ampere-Maxwell equatéon:
deS :&!enclosed +luo Oaj EdA

(0 In this case)

s
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Ampere-Maxwell equatlon
ﬁB dS /uO enclosed +luo 0—jIE dA
/'

(0 In this case)

s
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1. [HRW6 32.P.026.] A parallel-plate capacitor with circular plates of radius R = 55
mm is being charged as in Fig 32-15a. At what radius r is the induced magnetic
field equal to 50% of its maximum value?

mm (for r < R) or
mm (for r > R)

{er) o

Figure 32-15.

§B.ds=yogogtj E-dA
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Charging capacitor plates : |

'y Capacitor
q(t) = EC(1-e™) —r
d_q _ 8 e-t/RC

=l
Switch

— Battery
d t R (a)

t/(;ac:) tE/(RC)
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1. [HRW6 32.P.026.] A parallel-plate capacitor with circular plates of radius R = 55
mm is being charged as in Fig 32-15a. At what radius r is the induced magnetic
field equal to 50% of its maximum value?

mm (for r < R) or
mm (for r > R)
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Figure 32-15.
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2. HRWE 22 P 025 ] A uniform electric field collapses to zero from an initial strength of 6.0 x 10° N/C in
time of 15 ps in the manner shown in Fig. 32-34. Calculate the magnitude of the displacement current,

througha 2.5 m’ region perpendicular to the field, during each of the time intervals a, b, and ¢ shown
on the graph. {Ignore the behavior at the ends of the intervals.)

o
E o b r
e b
E'l \
EE
B2
= ]
0 2 4 6 & w12
Time {yes)
Figure 32-34.

Ilnten.ral . - dd) i

Interval b: ID E 8

E— Codt

Interval ¢:
| A
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3. HRWE 32 P.041] The capacitor in Fig. 32-36 with circular plates of radius R = 18.9 cm is connected to
a source of emf & = &, sin wf, where &, = 200V and w = 130 radfs. The maximum value of the

displacement current is iy = 7.65 pA. Neglect fringing of the electric field at the edges of the plates.

* =
d
&
E="E,sinwi
Figure 32-36

(a) What is the maximum value of the current i?

| HA

(b} What is the maximum value of da=/df, where @£ is the electric flux through the region
between the plates?

V -mis

(c) What is the separation d between the plates?

m

(d) Find the maximum value of the magnitude of B between the plates at a distance r=10.4

cm from the center.
| T
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4. [HRWE 32 PN.11] The circuit in Fig. 32N-5 consists of switch S, a 12.0 V ideal battery, a 21.0 MQ
resistor, and an air-filled capacitor. The capacitor has parallel circular plates of radius 5.10 cm, separated
by 3.00 mm. At time { = 0, switch S is closed to begin charging the capacitor. The electric field between

the plates is uniform. At f = 250 ps, what is the magnitude of the magnetic field within the capacitor, at
radial distance 3.00 cm?

| T

Fig. 32N-5

2/21/2005 PHY 114 -- Lecture 15 14



