211712014 HW 1
HW 1
Due: 11:00pm on Sunday, January 26, 20'i4

You will receive no credit for items you complete after the assignmentis due. Grading Policy

e —

The Electric Field inside a Conductor

Learning Goal:
To understand how the charges within a conductor respond to an externally applied electric field.

To illustrate the behavior of charge inside conductors, consider a long conducting rod that is suspended by insulating
strings (see the figure). Assume that the rod is initially etectrically neutral, and that it remains so for this discussion.
The rod is positioned along the x axis, and an external electric field that points in the positive x direction (to the right)
can be applied to the rod and the surrounding region. The atoms in the rod are composed of positive nuclei (indicated by
plus signs) and negative electrons {indicated by minus signs). Before application of the electric field, these atoms were
distributed evenly throughout the rod.

i
l +x
Eﬁ

Part A

What is the force felt by the electrons and the nuclei in the rod when the external field described in the problem
introduction is applied? (Ignore intemal fields in the rod for the moment.}

You did not open hints for this part.

— S ._-e{effhm - opposf‘te_ o ?
F = ?E —

ANSWER: — ucler v P same « B

O Both electrons and nuclei experience a force to the right.

J&i The nuclei experience a force to the right and the electrons experience a force to the left.
QO The electrons experience a force to the left but the nuclei experience no force.

QO The elecirons experience no force but the nuclei experience a force to the right.
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What is the motion of the negative electrons and positive atomic nuclei caused by the extemal field?
You did not open hints for this part.

ANSWER:

O Both electrons and nuclei move to the right.

O The nuclei mowe to the right and the electrons mowe to the left through equal distances.
Q The electrons move to the left and the nuclei are almost stationary.
O The electrons are almost stationary and the nuclei move to the right.

& nuclei M moteriad are u.sua@ Statronary whele electnns 79 Condu ctars
Can meve —,qree[)l
Part C

Imagine that the rightward current flows in the rod for a short time. As a result, what will the net charge on the right
and left ends of the rod become?
Hint 1. How to approach this part

Remember that the rod as a whole must remain electrically neutral even if the charges are redistributed. This
is because applying an electric field does not change the charge on the rod, only redistributes it.

T
ANSWER: et

ﬁ left end negative and right end positive

O left end negative and right end negative 2

O left end negative and right end nearly neutral

(R}
31

O left end nearly neutral and right end positive

. O both ends nearly neutral

Part D

The charge imbalance that results from this movement of charge will generate an additional electric field in the
region within the rod. In what direction will this field poin{?

Hint 1. Direction of the electric field

The electric field point away from positive charges and towards negative ones.

ANSWER:
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QO 1t will point to the right and enhance the initial applied field.
o AP = =17
Q It will point to the left and oppose the initial applied field. S -

PhET Tutorial: Charges and Electric Fields

Learning Goal:
To understand the spatiat distribution of the electric field for a variety of simple charge configurations.

For this problem, use the PhET simulation Charges and Fields. This simulation allows you to place multiple positive and
negative point-charges in any configuration and look at the resulting electric field.

Start the simulation. You can click and drag positive charges (red) or negative charges (blue) into the main screen. If
you select Show E-field in the green menu, red arrows will appear, showing the direction of the electric field. Faint red
arrows indicate that the electric field is weaker than at locations where the arrows are brighter (this simulation does not
use arrow length as a measure of field magnitude).

Feel free to play around with the simulation. When you are done, click Clear All before beginning Part A.

Part A

Select Show E-field and grid in the green menu. Drag one positive charge and place it near the middie of the
screen, right on top of two intersecting bold grid lines. You should see something similar to the figure below.
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The electric field produced by the positive charge

HW1

Q is directed radially away from the charge at all locations near the charge.

O wraps circularly around the positive charge.
QO is directed radially toward the charge at all locations near the charge.

Part B

Now, let's look at how the distance from the charge affects the magnitude of the electric field. Select Show
numbers on the green menu, and then click and drag one of the orange E-Field Sensors. You will see the
magnitude of the electric field given in units of V/m (wlts per meter, which is the same as newtons per coulomb).

Place the E-Field Sensor 1 m away from the positive charge (1 m is two bold grid lines away if going in a horizontal
or vertical direction), and look at the resulting field strength.

Consider the locations to the right, left, above, and below the positive charge, all 1 m away.
—_— S — L— VNAA A AT

—

ANSWER:
= F N
E 4__520 Y 2 Y

. same ‘?, ’

Same Mogni tade
O greatest to the left of the charge.

O greatest below the charge. :

For these four locations, the magnitude of the electric field is Q the same.

hitp://session.mastering physics.comimyctassig nmentPrintView?displayMode=studenfView&assig nmentiD=2627429
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Part C

What is the magnitude of the electric field 1 m away from the positive charge compared to the magnitude of the
electric field 2 m away?

Hint 1. How to approach the problem

Use an E-Field Sensor to determine the field strength both at 1 m away and at 2 m away from the charge.
Then, take the ratio of the two field strengths.

ANSWER:

i —_
- ] — . ﬁ_ _ .
IE,: e, __%’-; /EIJ - wwEe, 1> 7 ¢ IE’-\J & four times
O one-half
The magnitude of the electric field 1 m away from the positive chargeis O equal to

— A .Z'-;: O two times
,E,l T 4RE >

the magnitude of the electric field 2 m away.

O one-quarter

Part D

If the field strength is £ =9V / m a distance of 1 m from the charge, what is the field strength E a distance of
3 m from the charge?

Hint 1. How to approach the problem

The magnitude of the electric field is inversely proportional to distance squared (E < 1 /1'2 )- Soifthe

distance is increased by a factor of three, the field strength must decrease by a factor of three squared. You

could use the simulation to make a measurement (you might have to drag the charge away from the center
s0 you have enough room to get 3 m away).

= —— o= }
ANSWER: 1Bl = e %—-— 9 = ize, ';3"'* 2 ;:'g =1, HE b%é 3
F = ‘ V/m = -;i- - l

Part E

Remowe the positive charge by dragging it back to the basket, and drag a negative charge (blue} toward the middle
of the screen. Determine how the electric field is different from that of the positive charge.

Which statement best describes the differences in the electric field due to a negative charge as compared to a
positive charge?
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ANSWER:

Nothing changes; the electric field remains directed radially outward, and the electric field strength
doesnét change.

;& The electric field changes direction (now points radially inward), but the electric field strength does not
change.

The electric field changes direction (now points radially inward), and the magnitude of the electric field
decreases at all locations.

g: - —bn. ')-; ) } CA&MJeJ Srom “—-i'” to O "

Part F
Now, remove the negative charge, and drag two positive charges, placing them 1 m apart, as shown below.

Wow [ Pabasace |
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Letas look at the resulting electric field due to both charges. Recall that the electric field is a vector, so the net
electric field is the vector sum of the electric fields due to each of the two charges.
Where is the magnitude of the electric field roughly equal to zero (other than very far away from the charges)?

ANSWER:

. The electric field is nonzero everywhere on the screen.
X‘ The electric field is roughly zero near the midpoint of the two charges.

The electric field is zero at any location along a vertical line going through the point directly between the
two charges.

Part G

hitp://session.mastering physics.com/myctiassignmentPrintView?displayM ode=studentView8assig nmentlD=2627429
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Consider a point 0.5 m above the midpoint of the two charges. As you can verify by removing one of the positive

charges, the electric field due to only one of the positive charges is about 18 V / m. What is the magnitude of the
total electric field due to both charges at this location?
—rr— L i e NI

ANSWER: l.é):,g 18, ('EJ]WLF 13 (0S@ +18osg
' &3]
‘ ZEero -

‘ = 3§ coSE@
@ 35 V/m hm 0.§
)[’ 25 V/m

BN

= 2 46 Vi
Part H

Make an electric dipole by replacing one of the positive charges with a negative charge, so the final configuration
looks like the figure shown below.

AT I Pl;i';vbh'hr

o—— o B
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ANSWER:

g - el semits @ “+°
O directed to the left. |

The electric field at the midpointis (O ,ero.

& directed to the right.

Part |

Make a small dipole by bringing the two charges very close to each other, where they are barely touching. The
midpoint of the two charges should still be on one of the grid point intersections (see figure below).
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Measure the strength of the electric fisld 0.5 m directly above the midpeint as well as 1 m directly above. Does the
strength of the electric field decrease as 1 over distance squared (1 / r? )?

Hint 1. How to approach the problem

If the strength of the field is decreasing as 1 / 2, then the ratio of the magnitudes of the electric field

measured at two distances, say 0.5 m away and 1 m away, would be
Ere05/Emm1 = (1/0.5)?/(1/1)? = 4.

Compare this value to the value you measure with an E-Field Sensor.

ANSWER:

O Yes, it does.
Q No, it decreases more quickly with distance.
O No, it decreases less quickly with distance.

Part J

Make a long line of positive charges, similar to that shown in the figure below. Try to place all of the charges
centered along a horizontal grid line. Feel free to look at the electric field, as it is interesting.

http://session.mastering physics.com/myct/assig nmentPrintview?displayMode=studentView&assig nmentiD=2627429 8/29
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Measure the strength of the electric field 1 m directly above the middle as well as 2 m directly above. Does the
strength of the electric field decrease as 1 over distance squared (1 /r2 )?

ANSWER:

O No, it decreases more quickly with distance.
QO Yes, it does.

Q No, it decreases less quickly with distance.

PhET Interactive Sirmulations
University of Colorado
http://phet.colorado.edu

Video Tutor: Charged Rod and Aluminum Can

First, launch the video below. You will be asked to use your knowledge of physics to predict the outcome of an
experiment. Then, close the video window and answer the questions at right. You can watch the video again at any
point.

hitp:/fsessicn. mastering physics.com/myct/assig nmentPrintView?displayM ode=studentView&assig nmentlD=2627429
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Part A

Consider the situation in the figure below, where two charged rods are placed a distance d on either side of an
aluminum can. What does the can do?

You did not open hints for this part.

ANSWER:

O Rolls to the right
O Rolls to the left

Q Stays still

Part B

Now, consider the situation shown in the figure below. What does the can do?

http://session.mastering physics.comimyct/assig nmentPrintView?displayM ode=studentview&assignmentiD=2627429
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ANSWER:

O Rolls to the right
@ Stays still
O Rolls to the left

Part C

Using the setup from the first question, imagine that you briefly touch the negatively charged rod to the can. You
then hold the two rods at equal distances on either side of the can. What does the can do?

You did not open hints for this part.

Y C}\Mrae thens Lo,

ANSWER: =
@
Q Rolis toward the positively charged rod
O Does not mowe v
- newtral
O Rolls away from the positively charged rod [l 4
- v <k °

A Test Charge Determines Charge on Insulating and Conducting Balls

Learning Goal:
To understand the electric force between charged and uncharged conductors and insulators.

When a test charge is brought near a charged object, we know from Coulomb’s law that it will experience a net force
(either attractive or repulsive, depending on the nature of the object's charge). A test charge may also experience an
electric force when brought near a neutral object. Any attraction of a neutral insulator or neutral conductor to a test
charge must occur through induced polarization. In an insulator, the electrons are bound to their molecules. Though they
cannot move freely throughout the insulator, they can shift slightly, creating a rather weak net attraction to a test charge
that is brought close to the insulator's surface. In a conductor, free electrons will accumulate on the surface of the

http:/fsession.mastering physics.comimyct/assig nmentPrintView?displeyM cde=studentView&assi gnmentlD=2627429 11/29
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conductor nearest the positive test charge. This will create a strong attractive force if the test charge is placed very
close to the conductor's surface.

Consider three plastic balls (A, B, and C), each carrying a

uniformly distributed charge equal to either +Q, -@Q or zero,
and an uncharged copper ball (D). A positive test charge (T)
experiences the forces shown in the figure when brought very T T #
near to the individual balls. The test charge T is strongly .

aftracted to A, strongly repelled from B, weakly attracted to C, P '\/
and strongly attracted to D. @ @

Assume throughout this problem that the balls are brought [ = R = ]
very close together.

Part A

What is the nature of the force between balls A and B?

You did not open hints for this part.

ANSWER;
=R + Q -

Part B

. strongly attractive @-9 F (’@

O strongly repulsive
O weakly attractive
O neither attractive nor repulsive

What is the nature of the force between balls A and C?

Hint 1. What is the charge on ball C?

Recall that ball C is composed of insulating material, which means that it can be polarized, but the charges
inside are otherwise not free to move around inside the ball. Since the test charge experiences only a weak
force due to ball C, if we compare to ball A we conclude that the charge on ball C must be

ANSWER:

http:llsession_masteringph}sics.conxlnwctiassignn‘enﬂ’rint\ﬁemﬂdisplawode=student\/iew&assig nmentiD=2627429
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O +Q

O zero

ANSWER:

O strongly attractive
O strongly repulsive
® weakly attractive
O neither attractive nor repulsive

Part C

What is the nature of the force between balls A and D?

Hint 1. What are the surface charges on ball D?

Recall that copper is a conductor, in which charges can freely flow. When ball D is brought close to ball A,
what will be the nature of the surface charge density on the side of ball D that is closest to ball A?

ANSWER:

O positive
O negative
O zero

ANSWER:
+

ﬁ attractive O - 7

O repulsive A D

O neither attractive nor repulsive

Part D
What is the nature of the force between balls D and C?

ANSWER:

hitp:/fsession.mastering physics.commyct/assignmentPrintView?dis playMode=studentView&assig nmentiD=2627429
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O attractive
O repulsive O
@\ neither attractive nor repulsive C P

both aye un cAargec/

Coulomb's Law Tutorial

Learning Goal:

To understand how to calculate forces between charged particles, particularly the dependence on the sign of the
charges and the distance between them.

Coulomb's law describes the force that two charged particles exert on each other (by Newton's third law, those two
forces must be equal and opposite). The force 5, exerted by particle 2 (with charge ¢, ) on particle 1 {(with charge q1)
is proportional to the charge of each particle and inversely proportional to the square of the distance r between them:

o kayqr
Fo = 7z 121
where k —= =l and 747 is the unit vector pointing from particle 2 to particle 1. The force vector will be paraliel or

4reg
antiparallel to the direction of 75, , parallel if the product ¢, g, > 0 and antiparallel if g, ¢, < 0; the force is attractive if
the charges are of opposite sign and repufsive if the charges are of the same sign.

Part A

Consider two positively charged particles, one of charge
g (particle 0) fixed at the origin, and another of charge

¢, (particle 1) fixed on the y-axis at (0, d;, 0). What is

the net force F* on particle 0 due to particle 1?

Express your answer (a vector) using any or all of %,
do» 41> 1, %, J, and k.

articie () particle |1
Pa * ./ - @ by
e :

§

ANSWER: & the Negative P AN because you [ %, wirll repdl 3,

"&Q(\t ‘ NA?CA

A
. . TR b3 ~'3 drectnn.

F:-—— Ve 3

d

Part B

http://session.mastering physics com/myct/assig nmentPri ntview?displayM ode=studentView&assig nmentlD=2627429 14/29 N
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Now add a third, negatively charged, particle, whose charge is —g, (particte 2). Particle 2 fixed on the y-axis at
position (0, da, 0). What is the new net force
on particle 0, from particle 1 and particle 2?

Lo}
>

Express your answer (a vector) using any or all of k,
90, 41, 92, d1, d2, i, j, and k.

particle 1
e—@—»

particle 2

paticle O

ANSWER:

. % & A
k2l 4k Z
F=( ka,’—r' 4> |

Part C

Particle 0 experiences a repulsion from pakticle 1 and an attraction toward particle 2. For certain values of dj and
ds, the repulsion and attraction should balanse each other, resulting in no net force. For what ratio d; / dy is there

no net force on paricle 07

Express your answer in terms of any or all ¢f the following variables: %, g, 91, ¢3.

?'o 5' 2]_
ANSWER: ’-\:{‘:O ____> - k -—-'I-;_" + L %—— =0
%
& 3 2
hl= |7 > L E

___.> dl _ g'r
H T (%
Part D
Now add a fourth charged particle, particle 3, with positive charge q3, fixed in the yz-plane at (0, da, dg). What is

the net force F' on particle 0 due solfely to this charge?
A

Express your answer (a vector) using £, o 43» dy, vhl, _:,", and I:: Include only the force caused by particle
3.

http:/fsession.mastering physics .comimyct/assig nmentPrintview?displayM ode=studentView&assig nmentlD=2627420 16/29
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. > 2 | A z particle 3
R £& ) O £t —
PekTpgakspEk

You did not open hints for this part.

ANSWER!
25 0 5 9
Fo ok 3 - k—2f
Bd, 2_[34’,

The Trajectory of a Charge in an Electric Field

An charge with mass m and charge ¢ is emitted from the origin, (z,y) = (0, 0). A large, flat screen is located at
x = L. There is a target on the screen at y position ¥, , where ¢y, > 0. In this problem, you will examine two different
ways that the charge might hit the target. Ignore granity in this problem.

Part A

Assume that the charge is emitted with velocity v in the positive x direction. Between the origin and the screen,

the charge traveis through a constant electric field pointing in the positive y direction. What should the magnitude £
of the electric field be if the charge is to hit the target on the screen?

Express your answer in terms of m, g, y,, vo, and L. L?,
Elg| =
l&h = ';', m I‘E| Vo
You did not open hints for this part. . S M-\f;z ‘él\
lE l = L\- -
ANSWER: }
X+ Constont Spee d {%)
’U‘} ,3 motam
2>m s Th L
= . L: U; - -t ."-‘> t: ——
$L Y

g:dcaﬂStant acceldifpn  mutin~
FrrE= mR ol g

http:/fsession.mastering physics.comymyct/assig nmentPrintView?digplay ode=stud HD=2627423 ] g X 629
2 Y= 0+ LlIE (s=Vit+ £ak)



21172014 HW1

Part B

Now assume that the charge is emitted with velocity vy in the positive y direction. Between the origin and the

screen, the charge travels through a constant electric field pointing in the positive x direction. What should the
magnitude E of the electric field be if the charge is to hit the target on the screen? l& _

Express your answer in terms of 3, 4, Yn» Vo, and L. -
L]

o |

9( . Constont a“&&)ﬂ*\'&h metion, l 2 o
You did not open hints for this part. F= SE .- m & 2 [&,] i % /f] Aol
ANSWER: (S Ve+dal’) L= 0 +3 %/Eft‘ 2 t = LZTT’:"LI
B M amlVe Y: constant Sf;:eed mot M>ML {A{ o L
= e )—"'\ _ _ . = - -

Charged Ring

Consider a uniformly charged ring in the xy plane, centered at the origin. The ring has radius a and positive charge ¢
distributed evenly along its circumference.

i
I
M~

Part A

What is the direction of the electric field at any point on the z axis?

You did not open hints for this part.

ANSWER:

http-#session.mastering physics.com/myct/assig nmentPrintView?displayMode=studentViewsassi gnmentiD=2627429 17/29
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O parallel to the x axis
O parallel to the y axis
ﬁ parallel to the z axis
O in a circle paraliel to the xy plane

£, &— will cﬁnceéqf
4Ex cventualdy

Part B

What is the magnitude of the electric field along the positive z axis?

= _ d
Use k in your answer, where k = ﬁ (E=k %G\) 7 o 3
0 (o5 = [
d€; = k “3’} . €086 L k.
a+y
You did not open hints for this part. .
" s ¥ _ ., 4% 7

ANSWER: - any o (™ Szfi
dEF

E(z) = L 22 5344534’*@?}”»
riks

=k —

Part C
Imagine a small metal ball of mass m and negative charge —g,. The ball is released from rest at the point (0,0,d)
and constrained to move along the z axis, with no damping. If 0 < d < @, what will be the ball's subsequent
trajectory?
rajectory - %
ANSWER: Jd

O repelled from the origin

QO attracted toward the origin and coming to rest
]85 oscillating along the z axis between z =d and z = —d ,
O circling around the z axis at z = d

Part D

The ball will oscillate along the z axis between z = d and z — —d in simple harmonic motion. What will be the

angular frequency w of these oscillations? Use the approximation d < a to simplify your calculation; that is,

assume that d® + a2 ~ a?.

Express your answer in terms of given charges, dimensions, and constants.

Hint 1. Simple harmenic motion

htip://session.mastering physics .com/myct/assig nmentPrintView?displayV ode=studentView&assig nmentiD=2627429 18/29



21712014

HW1

Recall the nature of simple harmonic motion of an object attached to a spring. Newton's second law for the
system states that

'
2 k
F.=m %t% = —k':c, leading to oscillation at a frequency of W = -n-?

(here, the prime on the symbol representing the spring constant is to distinguish it from k = 4—;;—). The
0

solution to this differential equation is a sinusoidal function of time with angular frequency w. Write an
analogous equation for the ball near the charged ring in order to find the w term.

Hint 2. Find the force on the charge
What is F,, the z component of the force on the ball on the bali at the paint {0,0,d)? Use the

approximation d? + a? ~~ q2.

Express your answer in terms of G k, g, d, and a.

Hint 1. A formula for the force on a charge in an electric field

The formula for the force F' on a charge ¢ in an electric field E is

F=gqF.
Therfore, in particular,

F,= qF,.
You have already found E (2} in Part B. Use that expression in the equation above to find an
expression for the z component of the force F, on the ball at the point (0,0, d). Don't forget to use

the approximation given. . -
Use ansugy ™ P"‘Yt B

ANSWER: F= $E--3.k @7:‘%:57’ y k=d
+5 d ?&d ( “td x p¥)
F- gl A G
; \ (a +J‘- - (al 2
Z.
o AL -
ANSWER; N s @ d . % (F =m&)
o =-kZ5s - m{&l-m 3o
\L— Wt
W= "3'3'; — « &si—lr’“.ﬁf“)*inc _sz)
s =~ A& ~

The Electric Field Produced by a Finite Charged Wire

A charged wire of negligible thickness has length 2L units and has a linear charge density A. Consider the electric field
E at the point P, a distance d above the midpoint of the wire.

hitp:/fsession.mastering physics.com/myct/assignmentPri ntView?disptayM ode=studentView&assig nmentiD=2627420 19/29
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Part A

The field E points along one of the primary axes. Which ong?

P
By = kA TR

You did not open hints for this part. use mte}\mp- e}. two Pages /a.fEP
: L-
X
; T -
ANSWER g% . End T W
O i ,
B ad(—. - —— )
Ok =k d./ YA d\[d—‘_:c =

kad- 2L

Part B - dll d™+ >

What is the magnitude E of the electric field at point P? Throughout this part, express your answers in terms of

the constant &, defined by k = 1 L
TEQ

Express your answer in terms of L, A, d, and k.

Hint 1. How to approach the problem

To compute the field at point P, divide the rod into infinitesimal segments and find the electric field produced

by each. Then integrate to find the total electric field. The electric field due to an arbitrary infinitesimal
segment of wire has both x and y components. You could integrate these two components separately, but
because of symmetry, you aiready know that the total electric field points only in the y direction. So you
need to work only with the y component of the field.

Hint 2. Find the field due to an infinitesimal segment
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Find dEy (a:), the y component of the electric field produced at point P by the infinitesimal segment of the

wire between x and = + dz.

Express your answer in terms of z, d, dz, ), and k.

Hint 1. Find the {otal electric field

Find the magnitude dF of the electric field at point P produced by the infinitesimal wire segment
between x and z + dz.

E:press your answer in terms of ), d, dz, z, and the constant k.

Hint 1. Formula for electric field due to a point charge

_) —
The electric field dE at position r away from an infinitesimal charge element dg is given by

._>
dE=k%7
™

Hint 2. Find |7
What is the distance from an infinitesimal segment of wire at position & to the point P?

Express your answer in terms of = and d.

ANSWER:

a

Hint 3. Find an expression for dg

The wire has charge per unit length A, and the length of an infinitesimal charge element is dzz.
Write an expression for dg, the total charge on the infinitesimal element dz.

Express your answer in terms of A and dz.

ANSWER:

dq = E

ANSWER:
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dE

Hint 2. Find the y component of dE

What is dE,, the y component of the

electric field at point P due to an

infinitesimal segment of wire located at
position ? Assume that the magnitude of

the electric field at point P due to the
infinitesimal wire segment is dF.

Express your answer in terms of dF, z,
and d.

ANSWER:

dE, =

ANSWER:

dE, () =

Hint 3. A necessary integral

1 dr = ; x
(a®+x2) a‘vac+x
ANSWER:
_ )_l‘?\gL (See Coﬂﬂrﬁﬂhh} twe poge al:ove)
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Dipole Motion in a Uniform Field

Consider an electric dipole located in a region with an electric
field of magnitude E pointing in the positive y direction. The
positive and negative ends of the dipole have charges + ¢ and
— g, respectiwely, and the two charges are a distance D
apart. The dipole has moment of inertia I about its center of
mass. The dipole is released from angle 8 = 6y, and it is
allowed to rotate freely.

Part A

What is wpmax, the magnitude of the dipole's angular velocity when it is pointing along the y axis?

Express your answer in terms of quantities given in the problem introduction. (se -eneyg)’ GmcePt

You did not open hints for this part.

iSWER (It ¢ -7l
(7 34 [E)CI- 50D L ralmg
S = j — > Wiy o 24 1B (00560
T
Part B

If 8, is small, the dipole will exhibit simple harmonic motion after it is released. What is the period T’ of the dipole’s
oscillations in this case?

Express your answer in terms of 7 and quantities given in the problem introduction.

— I §
= X E
You did not open hints for this part. = P . N ﬁ
) =-ABI{E] 50 = T-ol=To G-
ANSWER: when o 13 swalk J (sm8 @)
PlIE ) 6 JIE
" -FlE] - 6-1-48 9 %E;:,syﬁ
# Sz Gl)z Asmwit) T v
g - -AHJ’SM(N'C) =4‘ -—W’-G J:} )'_—_ z’i{Ef
http:ﬂsession.rmsteringphysics.com’nuctlassignmentPrint\ﬁsW?displaWOde=student\ﬂaw&assignmentID=2627429 . Z dIE r 23199
W= T = _?'_r_rf' .—..> Aeﬁf—Paae
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Charging an Insulator

This problem explores the behavior of charge on realistic (i.e. non-ideal) insulators. We take as an example a long
insulating rod suspended by insulating wires. Assume that the rod is initially electrically neutral. For convenience, we
will Tefer to the left end of the rod as end A, and the right end of the rod as end B . In the answer options for this
problem, "weakly attracted/repelled” means
"attracted/repelled with a force of magnitude similar to that
which would exist between two balls, one of which is charged,
and the other acquires a small induced charge". An
attractive/repulsive force greater than this should be classified
as "strongly attracted/repelled”

>
e =
B

Part A

A small metal ball is given a negative charge, then brought near {i.e., within a few millimeters) to end A of the rod.
What happens to end A of the rod when the ball approaches it closely this first time?

Select the expected behavior.
You did not open hints for this part.

ANSWER:

O strongly repelled

O strongly attracted

'Q weakly attracted

O weakly repelled

O neither attracted nor repelled

Now consider what happens when the small metal ball is repeatedly given a negative charge and then brought info
contact with end A of the red
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Part B

After several contacts with the charged ball, how is the charge on the rod arranged?

Select the best description.
You did not open hints for this part.

ANSWER:

O positive charge on end B and negative charge on end A

O negative charge spread evenly on both ends

& negative charge on end A with end B remaining almost neutral
QO positive charge on end A with end B remaining almost neutral
O none of the above

Part C

How does end A of the rod react when the ball approaches it after it has already made several contacts with the
rod, such that a fairly large charge has been deposited at end A?

Select the expected behavior.

ANSWER:

ﬁ strongly repelled

O strongly attracted

O weakly attracted

O weakly repelled

O neither attracted nor repelied

Exercise 21.19

Three point charges are arranged along the x-axis. Charge g, = +3.00 1Cis at the origin, and charge g, = -5.00 uCis
at = 0.200 m. Charge g3 = -8.00 uC.

Part A

Where is g5 located if the net force on gy is 7.00 N in the — direction?

ANSWER: o XD 0.2 ™ -

5 3 }' 8—2 "Sﬂﬁ f; ki._!’: -k &6
TEme THC g @y K

. . . N . (nece pag<)
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L I S
23 = 0.[¢% m =T wW

= XK= o, 4% m

Exercise 21.38 F.e=lbxd" C

- -7
A uniform electric field exists in the region between two oppositely charged plane paralle! plates. A

%@@_st released
from rest at the surface of the positively charged plate and strikes the surface of the opposite plate, 1.52cm distant from
the first, in a time interval of 1.57x107%s .

£ s - -
Part A i)o_——; (-_: Fz % =mp &
- —
Find the magnitude of the electric field. T — Q= T’%p E
ANSWER: S=lptdat
> [-§2x6 =0 +3 %/gf{yﬂW%j
E= [.3] X0 N/C _ I.Gx!o'” £
RS
{\51)((0' = /-(3){!0’4 IE, (K"_Zrn?
Part B
Find the speed of the proton when it strikes the negatively charged plate. V= +&Ub 2 /o
ANSWER: = O + 7.,.7/5]-'&
) Exeo” " N 4
v= |, 77 xtoq’ m/s - /‘67;00':l ARy 7

Exercise 21.53

A ring-shaped conductor with radius @ = 2.80cm has a total positive charge ) = 0.123nC uniformly distributed around
it.
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see paje /¥
éx -
E - k |
e
T (@t)® I
P Sl
F e |
-1 e . VR P
? 1 o.133xc0 . 3% 5 {r“” dE L S
= e’ ———— 3 “ T b ot
N -3 mill] I [ ' ‘
((2.3)(:01) + @ Txo )) P00 ] S
[!\x ‘.fllr i "h‘\.\rvw"-.f
- = \ .(‘.__I_-'l :i.:‘ .
43. 1B X0 e
(0.1529)
Part A

What is the magnitude of the electric field at point P, which is on the positive x-axis at z = 39.0cin ?

ANSWER:
E= 2> N/C
Part B

What is the direction of the electric field at point P?
ANSWER:

& +x-direction

O -x-direction
Part C
A particle with a charge of — 2.90.C is placed at the point P described in part A. What is the magnitude of the
; , Y
force exertedw on the ring? F =2 = -21 MC- P2r
ANSWER: — 2%xs0 ¥
-5
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Part D
What is the direction of the force exerted by the particle on the ring?
ANSWER:

)& +x-direction
O -x-direction

Exercise 21.57

Point charges g; = — 4.20nC and g, = + 4.20nC are separated by a distance of 3.20mm . forming an electric
dipole.

Part A

. - -9 -
Find the magnitude of the electric dipole moment. [ Pl = 2 A = Gyveo % 3.2xr0

ANSWER: = 13, 24 x(d'

2

U
p: /\341(" X(O C'm

Part B

Find the direction of the electric dipole moment?

- dipole 'F-;
ANSWER: (F‘r : P

‘F Yom — +o -+

Z&from g to qs
O from gatoqy

Part C

The charges are in a uniform electric field whose direction makes an angle of 37.0° with the line connecting the
charges. What is the magnitude of this field if the torque exerted on the dipole has magnitude 7.70x10™°N - m ?
5

-
ANSWER: = PrE

3] = IP|-[E[ o

E = ..S’Y(ow N C - - -
f /. T = . swxca (E]. Guif

—— £

()=t xco”
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Problem 21.82

Two tiny spheres of mass m. = 5.90mg camy charges of equal magnitude, 72.0 nC, but opposite sign. They are tied to
the same ceiling hook by light strings of length 0.530 m. When a horizontal uniform electric field & that is directed to
the left is turned on, the spheres hang at rest with the angle 8 between the strings equal to 50.0° _in the following figure.

Part A

Which ball (the one on the right or the one on the left) has positive charge?

ANSWER;

E The one on the left
QO The one on the right

Part B
What is the magnitude E of the field?

Express your answer with the appropriate units.

ANSWER:

3
E = 36 Xt0o

Score Summary:

Your score on this assignment is 0.0%.
You received 0 out of a possible total of 15 points.

g  _
mg:: Teos > = = —

x: —rg,-y\g‘f‘ h = F

mg——tm\g + L_E)f-; = ?E/

Y _ mg. o 2 }':).Lg""'j.“
{El = /g‘tan; + k—-—;—:
A
= ? ..6 7% q 7-1)((0
§xo_ =1 ° L0 T >
R D (2-053505)

72 X0

3
= 0.3 X(OB’? 3,23 %00

3
- 3.6 xco
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