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29-34| A dielectric of permittivity 3.3 x 107! F/m com-
pletely fills the volume between two capacitor plates. For ¢ >

0 the electric flux through the dielectric is (7800 V m/s3)¢3.
The dielectric is ideal and nonmagnetic; the conduction cur-
rent in the dielectric is zero. At what time does the displace-
ment current in the dielectric equal 23 pA?

Solution to HW-19

For a charging capacitor we have the equation for displace-
ment current ip = eo%. When a dielectric is between the
capacitor plates, we multiply €y by the dielectric constant K
to get the permittivity of the material ¢ = Keg. Thus we
have ip = e%ﬂ. The function for the electric flux can then
be substituted:

d(#
ip = e% ((7800 V m/s®)t?) = (7800 V m/s?) Elt )

= ¢(7800 V m/s%)(3)t?

Solving this for time:

= \/ S ETREVEIE)

B 23 x 10-6 s
-\ 3.3 x10-11(7800 V m/s3)(3)

As a new electrical engineer for the local power com-
pany, you are assigned the project of designing a generator
of sinusoidal ac voltage with a maximum voltage of 120 V.
Besides plenty of wire, you have two strong magnets that
can produce a constant uniform magnetic field of 1.8 T over
a square area with a length of 10.4 cm on a side when the
magnets are separated by a distance of 12.1 cm. The basic
design should consist of a square coil turning in the uniform
magnetic field. To have an acceptable coil resistance, the
coil can have at most 450 loops.
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We can use Faraday’s law to calculate the induced EMF.

d dd
E-dl=—— [ B-dA=——
7{ dt/ d dt’

The flux through a square loop perpendicular to the mag-
netic field with the maximum possible dimensions and N
loops of wire will be &g = NBA, where A is the area. If
the loop is rotated within the magnetic field, then the flux
through the loop will change because number of field lines
going through the loop will be changing. Rotating at an
angular frequency of w, the flux will change with time:

®p(t) = NBAcos(wt)
The time derivative of this gives the induced EMF:

]
E = _dd_tB = NBAwsin(wt)

The amplitude is then N BAw. Solving for w

- 120V
" NBA 450 x 1.8 x .1042

w = 13.7rad/sec
Mastering physics wants an answer in revolutions per
minute, so the conversion is:

rad 60sec 1lrev

13.7—  —— -

—— =130.8
sec lmin 27rad P
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A capacitance C' and an inductance L are operated at
the same angular frequency. (a) At what angular frequency
will they have the same reactance? (b) If L = 4.80 mH
and C' = 3.70uF, what is the numerical value of the angular
frequency in part (a)? (c) What is the reactance of each
element?

(a) Equate the reactances and solve for w:

1 1

— =wL = 1=4JIC = w=-—.
wC' VvLC
(b) Substituting numbers,

1
w= = 7.50 x 10°rad/s.
/(4.80 x 10-3)(3.70 x 10-6)

(¢) Again substituting numbers,

1
— =wlL =36.00.
oC w 36.0

You want the current amplitude through an inductor
with an inductance of 5.00 mH (part of the circuitry for a
radio receiver) to be 2.10 mA when a sinusoidal voltage with
an amplitude of 12.0 V is applied across the inductor. (a)
What frequency is required?

(a) The frequency f is related to angular frequency w by the
equation w = 27 f. The amplitude of the voltage across the
inductor is Vi, = I Lw = I L27 f. Thus the frequency is

f= Vi 12.0V
©27IL 2m(2.10 x 10-3 A)(5.00 x 10~3 H)
= 182kHz

You have a 180 resistor and a 0.430 H inductor.
Suppose you take the resistor and inductor and make a series
circuit with a voltage source that has a voltage amplitude of
28.0V and an angular frequency of 250rad/s. (a) What is
the impedance of the circuit? (b) What is the current ampli-
tude? (¢) What is the voltage amplitude across the resistor?
(d) What is the voltage amplitudes across the inductor? (e)
What is the phase angle ¢ of the source voltage with respect
to the current? (f) Does the source voltage lag or lead the
current? (g) Construct a phasor diagram.

(a) The impedance relates the peak values of the voltage and
current. We can find it by drawing the phasor diagram:

x4
Vi =wLl

V=71

70 Vg =RI

>

The diagram is simpler since there is no capacitor. The
voltage V of the power supply, shown by the dashed line, is

V =/(wLI)?+ (RI)*> = \/(wL)? + R?*I = ZI.

Therefore the impedance Z is given by

Z = +/(1809Q)2 + (250rad/s x 0.430 H)2 = 210Q.
(b) We've already written the relation between V' and I, so

Vo 280V
T=2 =22V _0134A = 134mA.
Z = 2100 013 3dm

(c) To find the voltage amplitude across the resistor we use
Ohm’s law and the current from part (b):

Ve = IR = (0.134A)(200Q) = 24.0V

(d) The voltage amplitude across the inductor is the induc-
tive reactance Xy, times the current:

Vi =wLI = (250rad/s)(0.430 H)(.134 A) = 14.4V

(e) Using the values of V, and Vg just calculated, we can
easily find the phase angle from the diagram above:

= 30.8°.

¢ = arctan Ve _ arctan
N Vi 24.0V

(f) From the phasor diagram above it is clear that the power
supply voltage V' leads the current. (Remember the current
is in phase with Vg).

(g) The diagram is shown above.



