Physics 312 — Assignment 1

Problem 1 —Questions C1-C5 on page 620 of Tipler

True or False: If the statement istrue, explain why it istrue. If it isfalse, give a coun-
terexample.

(C1) Theelectric field of a point charge always points away from the charge.

False. Thisisonly truefor apositive point charge. The eectric field of anegative point
charge points toward the charge.

(C2) The charge of the electron is the smallest unit of charge found.

True. Every particle that has ever been isolated in alaboratory has a charge equa to an
integer times the charge of an electron. (It istruethat quarks carry chargesthat are smaller
than that of an el ectron, but individual quarks have never been isolated.)

(C3) Electric field lines never diverge from a point in space.

False. Electric field lines diverge from a positive point charge.

(C4) Electric field lines never cross at a point in space.

True. If electricfield lines crossed at a point in space then the electric field at that point
would have two different values at the same time, which isimpossible.

(C5) All molecules have e ectric dipole momentsin the presence of an external electric
field.

True. The externd electric field polarizes the molecule, producing a dipole moment.

Problem 2 —Questions C1-C8 on page 652 of Tipler

True or False: If the statement istrue, explain why it istrue. If it isfalse, give a coun-
terexample.

(C1) If thereisno chargein aregion of space, the éectric field on asurface surrounding
the region must be zero everywhere.

False. The flux through the surface must be zero, but the field itself need not be. Con-
sider apoint charge at the origin and a sphere of radius one meter located three metersfrom
the origin. The sphere contains no charge, but the dectric field is nonzero everywhere on
its surface.

(C2) Gauss's law holds only for symmetric charge distributions.

Fase. Gausss law holds for any charge distribution, but it is not usually useful for
determining the el ectric field due to the charge distribution unless the distribution is sym-
metric.

(C3) Theelectric field inside auniformly charged spherical shell is zero.

True. Because of symmetry we know that if there were an electric field inside the shell
it would be radial. But there is no charge inside the shell, so Gauss's law gives E,. = 0.
Thereforethe entire e ectric field must be zero inside the uniformly charged spherical shell.

(C4) In electrostatic equilibrium, the electric field inside a conductor is zero.

True. Charges can move freely throughout a conductor, so if there were a nonzero



electric field anywhere inside the conductor the charges would quickly move to cance it.

(C5) Theresult that E = 0 inside a conductor can be derived from Gauss's law.

False. To show this result one must consider the physical characteristics of aconductor.

(C6) If the net charge on a conductor is zero, the charge density must be zero at every
point on the surface of the conductor.

Fase. Thetotal charge on the conductor must be zero, but there can be regions of
positive charge so long as there are regions of negative charge to bal ance them.

(C7) Theelectric field is discontinuous at al points at which the charge density is dis-
conti nuous.

False. If the charge density is discontinuous then the divergence of the electric field
must be discontinuous because of Gauss's law, but thefield itself need not be. Consider, for
example, the dectric field of asolid sphere of charge (Figure 19-25 on page 643 of Tipler).
The charge density is certainly discontinuous at the surface of the sphere, but thefield itself
is continuous.

(C8) Half of the electric field at a point just outside the surface of a conductor isdueto
the charge on the surface in the immediate vicinity of that point.

True. See page 647 of Tipler and especially Figure 19-32.

Problem 3 —Exercise 17 on page 621 of Tipler
Using Maple or the like, make a field plot and an equipotential plot for this charge
configuration.

Figure 18-26 shows the electric-field lines for a system of two point charges.

(a) What are the relative magnitudes of the charges?

We see that the charge on the left has a total of 32 field lines intersecting it while the
charge on theright has atotal of 8 field linesintersecting it. It follows, then, that the charge
on the left isfour times the magnitude of the charge on the right.

(b) What are the signs of the charges?

The field lines diverge from the charge on the left and converge on the charge on the
right. Therefore the charge on the left is positive and the charge on the right is negative.

(o) Inwhat regions of spaceisthe electric field strong? In what regionsisit weak?

The electric field is strong near the charge on the left, and is especially strong in the
area between the two charges. The eectric field isweak far from the charges.

For the plots, we choose units so that thel eft charge has charge equal to +4 andislocated
a (—1,0,0), whiletheright charge has charge equal to —1 and islocated at (1, 0,0). Then
the potentia due to the two chargesis (up to a multiplicative constant)
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We can then use the Maple functions gr adpl ot and cont our pl ot to make plots of
the eectric field and the equipotentials, respectively. The is done in the file assi gn-
ment 1. mas, which can also be found on the sol utions webpage.

Problem 4 — Exercise 33 on page 622 of Tipler



An electron with akinetic energy of 2- 10716 J ismoving to the right along the axis of
acathode ray tube as shown in Figure 18-29. Thereisan electric field E = (2-10* §) j
in the region between the deflection plates. Everywhereelse, E = 0.

(a) How far is the electron from the axis of the tube when it reaches the end of the

plates?
Cadll theinitial kinetic energy of the electron K;. Then
1
Ki = Emevf,

where m,. isthe mass of the electron and v; isthe initial speed of the electron. It follows,
then, that the initial velocity of the electronis

2K;,
i.

v; =
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While between the plates the electron experiencesaforce F = eE = eEj, where E isthe
magnitude of the electric field between the plates. Because this force does not act in the
horizontal direction the horizontal component of the velocity is constant, and so the time
taken by the electron to pass between the platesis given by
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where x,,4¢ 1S the horizontal extent of the plates. The vertical component of the velocity
when the electron leaves the plates is then given by the basic kinematics equation v =
v + at as
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The kinematics relation v} = vg + 2ax yields
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for the distance the electron isfrom the axis of the tubewhen it reachesthe end of the plates.
Plugging in values, we find that
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Thuswhen the electron leaves the platesit is 6.4 mm below the axis of the tube,

(b) At what angle is the e ectron moving with respect to the axis?
The horizontal component of velocity is constant throughout the journey through the
plates, so when the electron leaves the platesit is
2K;
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We found in part (a) that the vertical component of the velocity when the electron leaves

Vhorizontal = Vi =



the platesis
ek

Vyertical = Tplates-
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Thus, when the electron leaves the platesit istravelling at an angle
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with respect to the axis of the tube. Plugging in the values, we find that
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Thuswhen the electron leaves the plates it is traveling at an angle 17.7° below the axis of
the tube.

(c) How far from the axiswill the electron be when it strikes the florescent screen?

After the electron exits the plates, both components of its velocity will remain constant
because no force acts on the electron. The time between the electron exiting the plates and
striking the florescent screen isthen
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where x,.....,, 1Sthe distance from the end of the plates to the screen. Because the vertical
component of the velocity is constant during thistime, the electron moves a distance
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Plugging in values, we see that
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The total deflection in the horizonta direction isthen
Yplates + Ysereen = —4.48 - 10 *m.
Therefore the el ectron strikes the screen at a distance 4.48 cm below the axis of the tube.

(4-107*m) (12-107* m) = —3.84- 10~ *m.



