Physics 2212 Modern Studypaloozal!
PROBLEMS

ELECTRIC FIELDS AND FORCES

ELECTRIC FIELDS AND FORCES 1

A permanent dipole and a charged particle lie on the x-axis and are separated by a
distance d as indicated in the figure. The dipole consists of positive and negative charge q
separated by a distance s where s << d. The particle has a negative charge —q and is
located at x = 0.
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a. Determine the magnitude and direction of the force on the point charge due to the
permanent dipole. To earn full credit, you must show your work.

b. What is the magnitude and direction of the net electric field at location A, a distance
d to the right of the charged particle?

c. A neutral atom that consists of positive and negative charge 2q is placed at location
A. This neutral atom has a known polarization a. Sketch the polarized atom at
location A and determine the separation length of the induced dipole.

ELECTRIC FIELDS AND FORCES

A small glass ball is rubbed all over with a small silk cloth and acquires a charge of +5 nC. The silk cloth and the
glass ball ar(wlaced 30 cm apart. If any of the electric fields you are asked to draw is zero, state this explicitly.

(a 4dpts) At the location marked “x,” draw and label two arrows, representing the electric field due to the silk cloth
and the electric field due to the glass ball. The relative lengths of these arrows should be correct.
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silk cloth glass ball

Now a positively charged metal block is placed between the two objects.
(b 5pts) Draw the approximate charge distribution for the positively charged metal block on the diagram below.
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silk cloth glass ball
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(¢ 10pts) At the location marked “x” draw and label four arrows, using the same scale as in part (a):

e The electric field due to the silk cloth E‘)ciom
e The electric field due to the glass ball Egmu
e The electric field due to the charges in and/or on the metal block E)mcm.i

e The net electric field Enet

Now the metal block is removed, and replaced by a neutral plastic block.

(g 6pts) Show the polarization of a molecule at each location marked "x" below.
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silk cloth glass ball

plastic block

ELECTRIC POTENTIAL
ELECTRIC POTENTIAL 1

A thin spherical glass shell of radius R carries a uniformly distributed charge +Q. An
identical shell carries a uniformly distributed charge -Q. The distance between the
center of each shell is 2(R+d)+I Calculate the potential difference V1-Vz between the two
shells along the indicated meandering path (as shown in the diagram). Be sure to show
all of you work to earn partial credit.
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ELECTRIC POTENTIAL 2

An HF molecule is composed of two d
point charges, H* and F~, with 3
charges +e and —e respectively sepa-
ration by a distance s (i.e. and electric
dipole).
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1. (40 points) Calculate the po- |
tential difference V5 — Vi, where loca- dl:
tions 1 and 2 are shown on the dia- :
gram. The distances d; and dy are |
much larger than the internuclear sep- :
aration s. Make sure the sign of your 1
answer is correct. Show all of your |
work. ==

2. (20 points) A proton is released from rest at location 1. Calculate the speed of the proton when it is very far
(i.e. 7 = co) from the dipole. Show all of your work.

3. (20 points) What is the potential difference V3 — V3?7 Locations 3 and 4 are on a line extending through the
midpoint of the molecule. Show all of your work.

4. (20 points) Calculate the potential difference Vi — Vj, where locations 1 and 4 are shown on the diagram.

ELECTRIC POTENTIAL 3

As shown in the figure, a solid metal sphere

of radius R; and charge —(@); is surrounded

by two concentric spherical metal shells with

radii Ry and Rs, respectively. The charges RZ;\

on these concentric spherical metal shells are: N R
«
’

(i)+@1 on the inner surface of Ra, NOA LB oC
(ii)+Q2 on the outer surface of Rs, o7 X
(iii)—@Q2 on the inner surface of Rj, 2
(iv) no charge on the outer surface of Rj. . H+Q,

All charges are distributed uniformly across
inner and outer surfaces.

A. [3 pts] At point C just outside the spherical shell Rz, what is the electric potential Vi (that is, calculate
Ve — Vao)? Note that when calculating the potential difference near infinitesimally thin shells, it does not
matter if one of the end points is on or just outside the surface of the shell.



B. [10 pts] Point A is just outside the metal sphere of radius R;. What is the potential difference, V4 — V7
Show your work.

C. [8 pts] What is the electric potential Vp at the center of the metal sphere (that is, calculate Vo — Vi )? Hint:
You should use your results from parts A and B and think about how the charge would be distributed over
the metal sphere.

D. [4 pts] Suppose that V4 = Vi, as would be the case when the two components are connected by a metal
wire. In this case, what is the ratio Q,/Q27

FARADAY'S LAW
FARADAY'S LAW 1

In one experiment, the north pole of a bar magnet points toward a thin circular coil of wire containing N turns
of radius . The magnet is then moved away from the coil along the axis of the coil as shown in the diagram. In
the following questions you should assume that, at any given time, the magnetic field produced by the magnet is
uniform over the area enclosed by the loop.

N turns 5

R end view

A. [20 pts] Draw and label the following arrows (relative lengths of the arrows should scale):

. EU the magnetic field at the center of the coil before the magnet was moving

e B the magnetic field at the center of the coil while the magnet is moving

dB ) . . .
v the change in the magnetic field as the magnet is moving

indicate the direction of E,.,: at the “x” locations inside the coil

¢ indicate the direction of Enc at the “x” locations outside the coil

B. [2 pts] Viewed from the other side of the loop (the side opposite the bar magnet), does the induced current
run clockwise or counterclockwise in the circular coil?

C. [3 pts] In a second experiment, a bar
magnet is placed so that axis of the N turns
bar magnet is perpendicular to the
axis of the coil. The magnet is then

moved away from the coil along the .

axis of the coil as shown in the di-
agram. Viewed from the other side

of the loop (the side opposite the bar end view

magnet), describe the induced current
in the circular coil.



FARADAY'S LAW 2
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Consider a square loop of metal wire.
The wire initially has sides of length £y
and is oriented so that its surface nor-
mal points in the positive z-direction

as seen in the diagram. Everywhere in
space is a uniform, constant, external @

Y

magnetic field geu = Bz where By is
a positive constant.
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A. [5 pts] Which of the following will generate an emf around the loop (circle all that apply)?

e Moving the loop in one of the following directions: x-direction, y-direction, z-direction

Stretching the loop while keeping the area fixed

Stretching the loop so that the area is changing

Rotating the loop out of its initial plane

Moving a permanent magnetic through the loop

B. [10 pts] Suddenly the width and length of the loop begin to change so that the area of the loop at time ¢ is
given by A(t) = €3(1 + t/T)(1 — t/T). Calculate the magnitude of the emf around the loop at time ¢ such
that 0 <t << T.

C. [5 pts] What is the direction of the current around the loop, when viewed from the positive z-axis, at time ¢
such that 0 < ¢ < T, based on the emf you calculated in the previous question (circle all that apply)?

e Clockwise

e Counterclockwise

¢ Alternating between Clockwise and Counterclockwise
e There is no current

e Not enough information is given to answer this question.

D. [5 pts] Consider the magnetic field at time ¢, such that 0 < ¢t < T, created by the current going around the
loop found in the previous question. What effect does this magnetic field have on the total magnetic flux
through the loop (i.e. the flux from the field produced by the current plus the external field)? The area
defined by the loop has a normal vector pointing in the positive z-direction. (circle all that apply)

e The current loop increases the total magnetic flux

e The current loop decreases the total magnetic flux

¢ The current loop alternates between increasing and decreasing the total magnetic flux
e The current loop does not change the total magnetic flux

e Not enough information is given to answer this question.



FARADAY'S LAW 3

A bar magnet is moving at a constant speed velocity Tty
v =< 1y,0,0 > along the x-axis towards the origin.
At a particular instant in time, the magnet is located
a distance L from the origin and has a dipole moment
tbar- Located at the origin is a small metal coil made
of N circular loops of radius R. The coil is tilted
so that it makes an angle of @ with the positive x-
axis as indicated in the diagram. If # were exactly 90
degrees, for example, the loops of the coil would all lie
in the yz-plane and the magnet would eventually pass
right through the center of the coil. In the following
questions you can assume that the length L > R and =
that the magnet is far from the origin so that the field

is approximately constant over the area of the loops.

A. [5 pts] Calculate the magnetic field at the center of the coil.

B. [10 pts] Determine the magnitude of the magnetic flux through the coil.

C. [10 pts] Calculate the magnitude of the Emf induced in the coil.

D. [Extra Credit: 5 pts] Would the induced current in the coil repel or attract the bar magnet? Briefly explain
how you determined this.

GAUSS'S LAW
GAUSS'S LAW 1

A long solid plastic cylinder of radius R and

height L is bombarded by an electron beam,
and gains a charge of —g distributed uniformly
throughout its volume. In the following ques-
tions you will need to consider two Gaussian
surfaces to calculate the spatial electric field
distribution E(7). Region (i) is the volume
enclosed by the cylindrical surface with radius
r < R and height L, and is indicate on the di-
agram by a thick dashed line. Region (ii) is
the volume enclosed by the cylindrical surface
with radius » > R and and height Lo and is
indicate on the diagram by a thin dashed line.
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A. [5 pts] Calculate the total charge enclosed in region (i)

B. [6 pts] Find magnitude of the electric field E;, (7) at the curved surface of region (i) and describe the direction
of the field on that surface.

C. [5 pts] Calculate the total charge enclosed in region (ii)



D. [6 pts] Find the magnitude of the electric field () at the curved surface of region (ii) and describe the
direction of the field on that surface.

E. [3 pts] Now suppose that we paint the sidewall of the cylinder uniformly with a thin layer of positive charge
+¢ so that, as a whole, the cylinder is neutral. Recalculate the electric field E;, () in region (i).

GAUSS'S LAW 2

Consider a square slab of plastic with height & and area L? that is uniformly charged everywhere with charge +Q
centered on the origin. The diagram is not drawn to scale and the slab is much larger in the x and y directions
so that h << L. In the following questions you will use Gauss’s Law to calculate the magnitude of the electric
field at different locations. By symmetry, the direction of the field everywhere should only point in the positive or
negative z direction.

A. [2 pts] On the xz-plane view of the slab sketch the Gaussian surface that you would use to find the electric
field at point M —ecsmee=l=a= located outside of the slab.

( Ol 0’
B. [3 pts| Calculate the total charged enclosed with the Gaussian surface you chose in the previous question.
Be sure define and variables you created to describe the size of your surface.

C. [10 pts] Determine the magnitude of the electric field | Ex| at location M

K

= - 40,0,
D. [10 pts] Determine the magnitude of the electric field |Ep| at point P = comepeteies located inside the slab
(i.e. |z < h/2). Drawing a diagram would be helpful for both you and the grader!

GAUSS'S LAW 3

Two equilateral triangles (each with sides of length

d) are connected to three identical rectangles (each
with sides of length d and L). these five surfaces form
a tent which completely encloses the volume l
indicated in the diagram. At every point in the space, l
there is a constant, downward-pointing electric field
with magnitude E. l
a. Calculate the electric flux through the front l
surface of the tent (the shaded triangle). Show l
your work here and in all subsequent parts. l
b. Calculate the electric flux through the back l
surface of the tent (the triangle not seen in the
diagram). L
c. Calculate the electric flux through the top
right rectangular surface of the tent (the white rectangle seen in the diagram).
d. Calculate the electric flux through the bottom rectangular surface of the tent (not
seen in the diagram but connected to the flat bottom of both triangles).
e. Calculate the total charge enclosed in the tent. To earn credit, you must show how

you determined this.



ELECTROMAGNETIC WAVES
ELECTROMAGNETIC WAVES 1

A proton is accelerated in the direction shown. At observation points P and S, what are the

directions of a , v_,. . ? Find the magnitude and direction of the radiative electric and magnetic
fields at point P.
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ELECTROMAGNETIC WAVES 2

]lt-y‘mu:m; at time ¢ 0 an electron acceler-
ates very briefly in the direction shown, The
magnitude of this acceleration is a. Detectors
of electric and magnetic fields are placed at
locations A, B, and C, all a distance d from
the charge. As shown in the diagram, the ac-

celeration vector makes an angle # with the =
axis.
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A. What can we say about the radiative MAGNETIC field at location A7 (select one)

o The radiative magnetic fickd points in the opposite direction from the radiative electric field
e The radiative magnetic field points into the page

o The radiative magnetic field points out of the page

B. What is the magnitude of the radiative magnetic field at location A?

ELECTROMAGNETIC WAVES 3



For each of the following, give the direction of the radiative electric
field at location P.

o A

P

/TN

2.
e B
P
G~

o C

O <



5 Points

Make a sketch of the current as a function of time I (t). Be sure to label the initial and
final values of the current.

@ No files uploaded

Q6 The accelerating dipole
25 Points

A permanent electric dipole with moment p = (0, —gs, 0) is located at the origin and
accelerating down with a constant acceleration @ = (0, —ay, 0).
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Q6.1
20 Points

Calculate the net radiative electric and magnetic fields at observation location 7(d, 0, 0).
Your answer should be a vector.



Q6.2
5 Points

Using the answer you found for the net radioactive electric field, approximate the
magnitude of the field using the binomial expansion in the limit d > s.

[Z) No files uploaded
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