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Figure 33: An infinitely long conductor and a loop

-

Figure 34: The field inside a charging capacitor

9. Compare the energy density in a magnetic field and an an electrostatic
field. Maximum possible (in today’s technology) static fields strengths are
20T and 108V/m.

10. Consider an infinitely long straight wire carrying a current I = I cos(wt),
and a square loop with sides a at a distance r from the wire (see figure 33,
left). Calculate the induced current in the loop.™

11. Same question as above, but now the current in the wire is constant at
a value I, but the loop is rotating around the axis perpendicular to the
wire, at angular velocity w [sec™!] (see figure 33, right).”.

18 The Maxwell Equations

18.1 Grasps

1. As the capacitor shown below is charged with a constant current I, at
point P there is a 7¢

changing electric field

constant magnetic field

changing electric field and a magnetic field
changing magnetic field and an electric field

)

)

(c)

(d) changing magnetic field
)

)

) none of the above
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Figure 35: The field inside a charging capacitor

2. Which gives the largest average energy density at the distance specified
and thus, at least qualitatively, the best illumination

(a) a 50-W source at a distance R
(b) a 100-W source at a distance 2R
(c) a 200-W source at a distance 4R

3. For a charging capacitor, the total displacement current between the plates
is equal to the total conduction current I in the wires. The capacitors in
the diagram have circular plates of radius R. In (a), points A and B are
each a distance d > R away from the line through the centers of the plates;
in this case the magnetic field at A due to the conduction current is the
same as that at B due to the displacement current. In (b), points P and
Q@ are each a distance r < R away from the center line. Compared with
the magnetic field at P, that at Q is 7"

4. Feynman describes in section 18-4 what happens if a sheet of charge is
suddenly moving. A similar situation arises when a current is suddenly
switched on in a wire. The current causes a magnetic field, and the front
of this field travels into space with a velocity v (figure 36).

(a) Make a drawing of the magnetic field vectors, a short time ¢ after the
field has travelled away from the wire.

(b) Make a graph of the amplitude of the magnetic field as a function of
T at time ¢

(¢) Make a drawing of the vectorfield 0B/0t.
(d) Make a drawing of the electric vector field

(e) Make a graph of the electric field as a function of r at time ¢

5. Try to solve the paradox in 17-4. Hint: the disc will rotate.
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Figure 36: The field surrounding a wire in which the current suddenly is switched
on travels at speed v away from the wire

18.2 Problems

1. Let’s dive into problem 18.1.4 and figure 36 again. The current increases
from 0 to ip=1 A at t=0.

(a) Calculate B, E everywhere at time ¢t. Hint: follow Feynmans method
in 18-4, using Stokes law twice, adapting it for the wire.

(b) Calculate v in [m/s].

(c) Make a graph of the amplitude of the E and B field at distance ro=10
cm from the wire as a function of time (quantitative!).

34 Magnetism in materials

34.1 Review questions

34.2 Grasps

1. What are the boundary conditions for magnetostatic fields at an interface
between two different media’®.

2. Explain why magnetic flux lines leave the surface of a ferromagnetic soft
medium (with g, = co) perpendicularly ™

3. Explain qualitatively the statement that H and B along the axis of a
cylindrical bar magnet are in opposite direction.3°

34.3 Problems

1. A circular rod of magnetic material with permeability p is inserted coax-
ially in the long solenoid of figure 37. The radius of the rod, a, is much



CHAPTER 20

20-1. It is sometimes convenient to consider complex solutions of

differential equations.

a) If we assume the fields vary sinusoidally in time and
with the coordinate x (no y or z dependence), show

that each component of, for example,

- +1q -
Z-% e it - kx)
o
satisfies the wave equation. (Remember that the actual

field is found by taking the real part of this expression.)

-
b) Convince yourself that the real part of E corresponds
to a plane wave travelling along the x-axis. In what

direction is it going?

c) Show that the operation ¥ when applied to a function like

that in part a) becomes:

o

L =2 (-ik)

-
V= e & x

—>
where e is a unit vector along the x-axis and i is
—
isn -1 ; i.e., show that we can replace the V operation by
a simple multiplication. What similar statement can you

make about the time derivative?

d) TUsing the results of c, write down (by inspection) how
Maxwell's equations appear when applied to fields which
vary sinusoidally with x and t. What relationship must

exist between k and w?

e) If the field has the form E = Eo e+l((Dt + kx) how do your

answers change?
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20-2

A plane electromagnetic wave of frequency w is reflected from a

mirror travelling with a velocity v in the same direction as the
wave. Using Maxwell's equations calculate the frequency of the

reflected wave as seen by a stationary observer. Compare this

result with that obtained in Volume 1 using relativity per se.



CHAPTER 21

21-1. Carry out the details of deriving Eq. (21.25).

21-2, Equation (21.1) gives an equation for calculating the electric
field due to moving charges. Consider a dipole made up of
a positive and negative charge oscillating about the origin along
the z-axis; i.e., the motion of the positive charge is z, = % cos Wt
and that of the negative charge is z_ = - % cos wt. The dipole
moment is then defined to be P = d cos wt 32. Show that the equation
mentioned above can be used to calculate the entire electric field of

the dipole:

E =0
¢
p wz 1 r [ T
EQ = Tte sin 6 [(- —5—-+ —30 cos w (t - Ep - —5 sinw (t - ED
o c’r r cr
E = -22—-cos 0 L cos w (£ - 55 -2 sinow (t - E)]
r 4“60 r3 c cr2 c

Assume the point P is at a distance r >> d from the dipole.

Hints:

- -
e =4+ e
r r

+
d — d2
e (er ) and - (E; ) are vectors nearly in the E; direction
+ dt +

(See figure on next page)
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p A7 Cr
N\ >
Y, 89
tq
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d 6 v
2
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2
—
-9
21-3. From the symmetry of Maxwell's equations and the form of the

electric and magnetic field of an oscillating electric dipole,
deduce the field of an oscillating magnetic dipole. The near field
must resemble the field of a dipole formed by a small current loop

) c , .
of radius a (a < &?’ and current i = i cos (wt)

0

]

Answer: B

¢

B, = ;%-(Ee electric dipole)
c

_ 1 , .
Br = c2 (Er electric dipole)
E = - (B_ electric dipole

(p (q) pole)
Ee = Er =0

and replace p by pn where n = ﬂazio

*
The electric fields of an electric dipole were given in problem 2; the

corresponding magnetic field is found using Eq. (21.1)
- -
E

-9
cB=e , x
r
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21-3

In problem 2, an oscillating dipole was made up of two moving
charges. Another way of producing a dipole is as follows:

the dipole is made up of two conducting balls joined by a wire of
length d. An oscillating current in the wire is set up which
establishes a net charge * q(t) at the ends, but leaves the wire
neutral; q(t) can be represented as the real part of Qo eﬂbt.

At any field point P, a distance r >> d from the dipole, the integral
for the retarded potential gives an exact expression for @: (see

figure below)

QO [cosw(t - rl/c) cosw(t - rz/c) ]

¢ = -
4ﬂfeo rl r2
. wd
a) Assuming that EZ-<< 1 show that:
Qod cos O 1 o
@ = e T [;-cos w(t - r/c) - E-sin o(t - r/c)]
o

b) Further show that

Q wd sin w(t - r/c)
A~ =2
z 45t c2
o
c) Convince yourself that these potentials give the same electric
and magnetic radiation fields (that part of the fields which

is proportional to %ﬁ as were found previously.

iR
-
D

oo
-
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21-5. An antenna to be used at a frequency w = g£g is made up of two
colinear wires each one-quarter wave length long, and is driven
at their junction by a sinusoidal voltage of the appropriate
frequency. The resulting current distribution in the wires is to

a high degree of approximation sinusoidal
. . . , 27z
i=-1i sin t) cos (-;Tﬂ

To find the radiation from this antenna it can be regarded as a
superposition of many dipoles, each located at a point z, of length
Az with strength varying from dipole to dipole.

a) Show that the proper dipole strength to use is

i
Dp = {_w_o cos 2_;(\_z_ cos a)t} JAVA

b) Show that at large distances ( r >>-£9, the field of the

entire antenna is

2i cos ( I cos 0)
E 0 2

T
= cos wl(t - =
7] Aﬁeocr sin 6 ° ( c)

B =~+E
C

Q@ 6

¢) Make a rough polar plot of EG vs 6 for both this case

and a single dipole and compare.

4 . s _ . _2_31%
i 10(31nnt) cos =%

A A
—_— ('4<Z<4)

INTPY

i
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21-6. A particle with charge q moves in a circle of radius a with a

uniform speed v.

a) Find the scalar potential ¢ at the center of the circle

when the particle is at the point P,
b) Find the vector potential A at the center at the same time.

c) By calculation of the potential in the neighborhood of
the center use Eq. (18.19) and (18.16) to determine the
electric and magnetic fields at the center. What is
the direction of the electric field with respect to the

radius vector to point P?
d) Also calculate these fields using Eq. (21.1).

Note this problem is relativistic. The velocity v is not necessarily

small compared to c.

> <

B
v

v

x




CHAPTER 23

23-1. Find the approximate resonant frequency of the cavity shown below.
Assume d << a, d << (b-a). What are the main effects which you have

neglected?

’///’ axis of symmetry

(b-a)

If the cavity is cooled uniformly (i.e., so the whole cavity is
at the same temperature) does thermal contraction lead to an

increase, a decrease, or no change in the resonant frequency?



24-1,

24-2,

24-3,

CHAPTER 24

A transmission line has inductance Lo per unit length and capacitance.
CO per unit length. If the voltage and current are changing slowly
(corresponding to transmission of signals with wavelength long

compared to the line spacing), show that the governing equations are:

o _ oL
Bx_-Loat
B W
ox o Jt

Hence show that I and V both satisfy the wave equation

Fr_a1ds v _1 v
a2 v ol 3 v ot
2 1
where v = e
o o

Note the assumption regarding slowly varying signals is not

necessary, but the proof of this is beyond the scope of this chapter.

The characteristic impedance of a transmission line is z, ='\/LO/Co
where LO is the inductance per unit length and CO is the capacitance

per unit length.

Show that for a transmission line consisting of two thin strips of

width b and a distance a apart (a << b)

1

z a

L d

o = c b
€

A cavity is made by putting conducting plates across the ends of a

section of a cylindrical coaxial line of length £.

a) Find the frequency of the lowest mode for which the electric

field is always radial.
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24-5,

24<2

b) Give an expression for E.

c) Compare the resonant frequency to w, = LN LC where L and
C are the inductance and capacitance of a length £ of

the coaxial line.

A rectangular waveguide made of perfectly conducting material has

sides of length a and b as shown in the figure below,

7

| L
=77

The ends of a section of length g are covered with plates of
conducting material; i.e., the waveguide is effectively a resonant
cavity. If the electric field is given by the real part of:

- .

E(x,y,2,8) = E (x,2) e &

what is Eo(x,z) for the cavity mode with the lowest resonant

frequency? What is this lowest resonant frequency of the cavity?

A coaxial cable is composed of two concentric conducting cylinders.
One end (x = 0) is connected to a voltage generator which prodices

a voltage

v(t) = Vo cos ot .



24-6.

24-3

The other end of the cable (x = g) is covered with a conducting
plate. The inductance per unit length is LO and. the capacitance
is C .
0
. b5mc .
a) If the length of the cable is R where ¢ is the
velocity of light, sketch the voltage between the con-

ductors as a function of the distance x. Specify the

values of x for which the voltage is maximum.

b) Write an expression for the forward going and reflected

traveling waves which make up the voltage across the

conductors.
; - =L _ 1 p2xc
¢c) What is the current at x = 0, x = 7 =3 (Zw ), and
x=j = %%E ?

d) If the voltage source is an ideal generator whose shaft
turns with an angular velocity w, what average torque

must be applied to the generator?

If a transmission line is terminated at x = 4 by an impedance ZT’

show that the 'sending end" impedance (x = 0) is given by

tan N LC g - iZT/ZO

Z = 1iZ -
s o 1+ 1ZT/Zo tan o LC £

where Zo = A]% is the characteristic impedance for the line.
What is ZS if

a) ZT =0

b) ZT = m

= ?

c) ZT ZO ?

V cos wt Z
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24-7, A transmission line with a characteristic impedance Z1 is connected
to a transmission line with a characteristic impedance ZZ' If the

system is being driven by a generator connected to the first line

\)
(Zl) show that the 'reflection coefficient," i.e., _reflected , is
incident
given by
Vreflected - Z2 - zl
incident Z2 + Zl
while the "transmission coefficient' is given by
Vtransmitted - ZZ2
incident z1 + ZZ
24-8., At JPL's Goldstone Tracking station the electronics cage is separated

from the feed of the 85' receiver antenna by about 40 feet of wave
guide. The inside dimensions of the wave guide are 5-3/4" by 11-1/2".
If a 960 megacycle carrier is used, compare the signal velocity with

the velocity in free space.

24-9. The electric fields inside of waveguides which are described in
Chapter 24 have the property that the component of the electric
field in the direction of propagation is zero; i.e., the electric field
is transverse. (Modes of propagation such as these are therefore
called TE, or transverse electric, modes.) There are also modes
called TM modes in which there is no magnetic field in the direction
of propagation. For the rectangular wave guide shown in Fig. 24-3

and 24-4, the vector potential of the TM modes is given by:

oot it - kzz)
n “E‘Y‘ e

- — . mitx
A = e, sin

where

ko= OF - @2 &

Z



a)

b)

24-5

Satisfy yourself that the magnetic fields found from this
are really transverse and show that the E)and B fields
satisfy the wave equation and the proper boundary conditions.

Hint: We require that

¥
wl
It
<
X
b

- -
E=-W -

where

<
=
|
]
'—-\
¥l

Show that the nm mode is not propagated if

< NEH? 4 @52



CHAPTER 25

In the following problems the units are such that ¢ = 1,

25-1, Write in four-vector form:
2 =2
(o™ - A7)
iy
A -3~ o)
25-2. In the Compton effect, a stationary electron is hit by a photon,

resulting in a change of momentum of each of them. Find the energy
of the emitted photon in terms of its incident energy and the angle

of deviation from its initial path.

’YZ
~
e
e
R I
Y, ¢ N
\\‘\i\\&
before after
25-3. A positron can be made by bombarding a stationary electron with
a photon:

v + e — e + e+ + e

What is the minimum photon energy? Use four-vectors and invariant

combinations of them wherever possible.

25-4, An electron-positron pair can be produced by a photon (y) through
the reaction

Yy+e —e + (e+ +e)



25-5.

25-2

It is impossible, however, for the reaction
“+ -
Yy—e + e

to occur for a single isolated photon even though the photon
energy is larger than twice the electron rest mass and charge

is conserved. Using four-vectors show that this is true.

A particle of mass m at rest is struck by another particle of mass M
and momentum P. After a totally inelastic collision they coalesce to
form a single new particle. What is its mass and velocity?

Compare your results with the values that would be calculated non-

relativistically. ‘
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26-2.

26-3.

26-4.

CHAPTER 26

In the following problems, the units are such that ¢ = 1.

Write out and evaluate

VvV F
B pv

Find the four-vector whose three-vector part is

What is the physical meaning of both time and space components

of this four-vector?

Show that §2 - 32 and (f . ﬁ) are invariant under Lorentz

—> -
transformations. Note that if E and B form an acute angle in one
frame, they do so in all frames. For what important physical

phenomenon are both of these invariants equal to zero?

If E and B are the electric and magnetic fields at a certain point
in space in a given frame of reference, determine the velocity

of another frame in which the electric and magnetic fields will be
parallel. There are many frames which have this property -- if

we have found one of them then the same property will be had by
any other frame moving relative to the first with a velocity
parallel to the common direction of E' and E'_ Therefore, we have
a choice, and it is sufficient and convenient to find the frame

which has a velocity perpendicular to both fields.

-

E X
2 4

<y
\

Ans. =

1+ v E 2

W |



26-5.

26-6.

26-7.

26-8.

26-2

In Chapter 26 the fields due to a charged particle moving with
uniform velocity were obtained by the transformation of the
potentials of a stationary charge to a moving frame. The fields

> -
E and B were obtained from A11 in the usual way.

Now, find the fields by starting with the fields from a stationary

charge and using the transformation laws of the fields.

Show that the electric and magnetic fields of a charge moving with

-—
uniform velocity v can be written

E)= d? 1l - v2
lmeorB A - v sinZ6)>/?

= 4 VXT 1l - V2
4ﬂ€o r3 (1 - v2 sin26)3/2

where T is the radius vector from the present position of the

particle to the observer and & is the angle between T and V.

A very long straight wire carries a current I produced by electrons
moving at speed v. Stationary positive ions in the wire make the

total charge density vanish.

a) Find the fields outside the wire in a frame stationary

with respect to the wire.

b) Transform the fields to a frame moving with the electrons.
(In Chapter 13 the electric field observed from this

moving frame was obtained by another method; Eq. (13.28)).

. A - . . .
Two electrons with equal velocities Vv are moving side by side the

distance a apart. Midway between them is an infinite sheet of



26-3

fixed positive charges with a surface charge density o.

a) How large must o be in order that the electrons maintain

the separation a?

b) Compaye the charge density needed if the electrons have

an energy of 500 Mev to that needed if they are moving

at a very low velocity,

40
*
<}
\'}

<}

26-9, If f11 is the four vector force acting on a particle, and u_ is the
four-vector velocity, show that
fu =0
nu
26-10.

A particle of charge q moves in the x-y plane at constant speed v,

along the trajectory shown by the dashed line in the figure. (It

scatters at the origin). The speed remains constant throughout.

At t = tl it is at x = a, y = 0.

a) The point P is at x = y = a. Find the electric field at P
at time t; if v/e = 0.5 (c is velocity of light).

b) If in part a) the particle trajectory before the scattering

were down the y-axis, how would your answer change?

Y
\

A P()
N a,a

ys5°




CHAPTER 27

27-1. Using the technique used to derive Eq. (27.11), find equivalent

expressions for

V& . B
27-2., How many megatons of energy are contained in the magnetic field

of the earth external to the earth? Assume that the earth's field
is a dipole with a strength of about 2/3 gauss at the equator. A
megaton is the energy released by the explosion of 1-million tons
of TNT or 4.2 X 1015 joules. In view of your answer, consider
how much you think a one megaton hydrogen bomb exploded high in

the atmosphere would disturb the earth's field.

27-3. For a long straight wire of resistance R per unit length, calculate
s
the flux of S at the surface of the wire when the wire carries a

current I. Compare this with the heating calculated using Ohm's law.

27-4. A long coaxial cable is made of two perfectly conducting concentric
cylinders. One end of the cable is connected to a battery whose
terminal voltage is V, and the other end is connected to a resistance R
so that there is a current I = V/R. Compute, using the Poynting

vector, the rate of energy flow.

27-5. The average power radiated by a broadcasting station is 10 kilowatts.

a) What is the magnitude of the Poynting vector at points
on the surface of the earth 10 km distant? At this
distance, the waves can be considered plane. It is
reasonable to assume that the power is radiated by a 1/4A

antenna above a perfectly conducting plane.

b) Find the maximum electric and magnetic intensities.



27-2

27-6. The fields of the lowest TE mode of the rectangular wave guide

shown in Fig., 24-6 are given by:

- -> X
E=¢eE sin = cos (Wt - k z)
y o a z
k
g - zZ . X
B=-e +«E —sin — cos (Wt - k z)
x o w a z
T =X,
-8 E -— cos = sin (Wt - k_z)
z o Wa a z

a) Show that the solution given above satisfies the boundary

conditions for the problem.
-
b) Calculate the Poynting vector S and the energy density U,

c) Calculate the average rate of energy flow across any plane

perpendicular to the z-axis.
d) Calculate the average energy density in the wave guide.

e) Use the results of c) and d) to calculate the average
velocity with which the energy is propagated. Show that
this result is the same as the group velocity (24.27).

27-7. a) Find the rate of energy flow per unit area from an
oscillating dipole with a dipole moment B’cos wt,
Hint: Keep only the radiation terms (i.e., those which drop

off as 1/r).

b) By integrating over the area of a large sphere centered on the

dipole, show that the average power radiated is

2 4
L p e
3 2 c
(4me_c7)
27-8. A plane light wave is incident upon a free electron. The electron

—.9
oscillates under the influence of the E field. Calculate the ratio



27-9.

27-10.

27-3

of the energy radiated per unit time by the electron to the light

energy incident per unit area per unit time., Assume that the light
.%

wave is of low frequency and neglect the effect of the B field of

the wave on the electron.

A dust particle in the solar system experiences two forces: the
gravitational force of the sun and the planets, and the radiation force
of light directed away from the sun. Since the gravity force is
proportional to the volume of the particle and the radiation force is
proportional to its cross section area, there will be a particle

size for which these two forces are balanced. Assuming a spherical

dust particle which absorbs all the radiation incident upon it, find the

radius for which the forces balance.

An explanation for why a comet's tail points away from the sun has
been based on the above phenomenon, assuming that the tail comnsists
of small particles, perhaps even gas molecules. Is it a reasonable

theory?

The energy radiated by the sun is 4 X 1026 watts, its mass is

2 X 1030 kg.

. . . . 2 .
An "air-core" toroid of mean radius R and cross-sectional area wr is

wound with N turns of wire [r << R].
A current with the time dependence I(t) = Kt is turned on at t = 0.

a) Directly from the magnetic field, find the energy stored

in the magnetic field at time t.

b) Find the direction and magnitude of the Poynting vector

at a point just inside the toroid at time t.

c) Using the Poynting vector, find the rate of change of the
field energy inside the toroid at time t. Check your answer

with that of part a).



28-1.

28-2,

CHAPTER 28

If the rest mass of the electron is identified with the electro-
static energy of its charge and if the charge is uniformly distributed
in the volume of a sphere, calculate the radius. Compare with the

result given by Eq. (28.2).

It is well known that an electron in addition to charge and mass has
an angular momentum (spin) and a magnetic moment related according

to

angular momentum _ m

magnetic moment q

This is correct to about 0.1 per cent. Suppose the mass is given

by Eq. (28.4).

a) Take a uniformly charged spherical shell with charge g
and radius a and place a magnetic dipole of strength n
at the center. Show that the angular momentum of the

electromagnetic field is

_ 2 1

L =% L | SE

3 2 a
4ﬁeoc

b) Find the ratio of angular momentum to magnetic moment

and compare with the value dﬁ) quoted above.

c) Given that B, for an electron is (H q/2m), calculate
the maximum surface velocity of the spinning electron
to give this magnetic moment. Make any comment you
feel suitable. The quantity (4ﬂeocﬁ/q2) = 1/ has the
value 137,
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CHAPTER 29

A charged particle (charge q, rest mass mo) is initially at rest
at the origin. It is acted upon by a constant electric field in

the x-direction.

a) Calculate the velocity and position as a function of

time (relativistically).

b) If the particle has an initial velocity A in the y-

direction, how is your answer modified?

In a proton cyclotron the protons travel in circular paths in a
uniform magnetic field. Find the 'cyclotron frequency,' the angular
velocity as a function of g, B, m at low energies. How will the
frequency change as the energy increases? At what energy has the

frequency changed by 1 percent?

At t = 0 a particle with mass m, charge q is located at the origin

%
at rest. There is a uniform E field in the y-direction and a

-—)
uniform B field in the z-direction.

a) Find the subsequent motion, x(t), y(t), z(t) assuming
non-relativistic motion. What restriction on E and B

does this imply?

b) Can you suggest what the relativistic motion would be like?

What happens if E/B > c?

c) If we put a plate in the xz plane at y = 0 and another
parallel one at y = d with potential difference VO =E . d
and apply a magnetic field parallel to the plates, we
have what is called a magnetron. If electrons are emitted
from the negative cathode essentially at rest, how strong
must the magnetic field be so that the electrons can't

reach the positive anode?
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29-4, The principle of alternating-gradient focusing can be illustrated

by the following optical analog.

| d ¢

l

f - f

Even though the lenses have equal focal lengths, the combination

has a converging action under certain circumstances.

a) For parallel incoming light, determine 4 as a function
of d.

b) Under what conditions is the image real or virtual?
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CHAPTER 32

Show that in a non-polar material, the square of the index
of refraction at low frequencies is equal to the dielectric

constant.

At a frequency of about 6 megacycles per second, the ionosphere
becomes transparent. Estimate the electron density in the

ionosphere using the free electron model.

An electric field applied to a metal is held constant for a long
time, and then is suddenly turned off. Using the free electron
model of a metal show that the relaxation time (i.e., the time for
the drift velocity to drop to 1/e of its initial value) is equal to

27, twice the mean time between collisions.

Tn a metal there are plane-wave solutions to Maxwell's equations with

the form

-

E =E el@bt - kz)
x o

where k is a complex number. For low frequencies

k= ( - 1) (owz)
Zeoc

a) Write an expression for the magnetic field associated

with such a wave.

b) What is the angle between E)and EE
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32-2

-
c) What is the ratio of the peak value of B to the peak

.-9
value of E at any given value of z?

- -
d) What is the phase difference between E and B?
-
(If the maximum of E occurs at tl and the maximum
of B occurs at t,s the phase difference is defined

w(tl - t2).)

W

as

Equation (32.50) suggests that the ultraviolet cut-off of a metal
(i.e., the value of w at which n changes from real to imaginary)
is quite sharp. Experiments show that this cut-off is not sharply
defined. Show by means of a better approximation for n2 thét this

experimental result is really in agreement with the theory.



CHAPTER 33

33-1. a) Determine the transmission coefficient for a plane
electromagnetic wave passing through three dielectric

media as shown below.

/ / s

/
‘Y\l//

b) Show that if n, =AJnln3 and ¢ = 7%-the transmission ratio
is unity. (This is the reason for '"coating' lenses in

good cameras and binoculars.)

c) In binoculars to be used with ordinary white light, what

is the thickness g of the coating?

d) If it is only possible to coat one side of a lens, does

it matter which side is coated? Why?

33-2, A beam of light with a wavelength 4500 R (in vacuum) is incident
on a prism as shown in the figure below and totally reflected through
90°. The index of refraction of the prism is 1.6. Compute the
distance beyond the long side of the prism at which the electric field
strength is reduced to 1/e of its value just at the surface. Assume
the light is polarized so the E is perpendicular to the plane of

->
incidence. Is your answer changed if E lies in the plane of incidence?
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Figure for 33-2.

450

n=1.6

H5°




