Final Exam of Fundamentals of Physics (3), Electromagnetism

Open book test on May 16, 2022

Instruction to students.

a) This exam paper contains FIVE main questions and TWENTY-THREE sub-questions except the extra
point problem. It comprises Six printed pages including this page.

b) This is open-book exam including any paper materials.

c) You are allowed to use a basic calculator in the exam.

d) If you carry out a computation please write down how you derived the answer. If you only write down
the answer and it is wrong, no points are given for the question.

Good luck!
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1. Let’s consider dielectric materials having different geometries and find the electric fields with them.
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(a-c) Let’s consider a uniformly polarized (P = P¥) very Top View
long cylinder with a radius R shown in the right side. z
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(a) Find the bound charges of the cylinder. Finda | .— ]y Skle View
corresponding model that can produce equivalent bound | A
charges, similar to a uniformly polarized sphere in “
Example 4.3 in Griffith. Justify the equivalence of your 7 ZL. -»
model to the polarized cylinder. g d
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(b) Find the electric field inside the cylinder.
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(c) Find the potential and the electric field outside the cylinder.
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(d) Let’s consider a uniformly polarized thin square plate (P = PZ)
with thickness d. Find the bound charges of the plate and electric * P
field inside and outside the plate.
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We assume these cylinder (e,§) and plate (§f are made of homogeneous linear dielectric material with
susceptibility x.
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(e) The dielectric cylinder is located in an otherwise uniform electric field E, = Ey¥. Find the electric
filed inside the cylinder (You may want to use a similar method for the problem 4.23 in Griffith.
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(f) Explain the boundary conditions in cylindrical coordinates. Using the solutions of Laplace equations in
cylindrical coordinates without z-dependence (V(s, ¢) = ¥o_ (A cosme + B, sin me)(C,,s™ +

1\, & g iam
Dy, -Si,;)), find the electric field inside the cylinder and compare the result with (e).
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(g) The dielectric plate is located in an otherwise uniform electric field Eq = EoZ. Explain the boundary
conditions and find the electric field inside the dielectric plate.
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2. (a) Find the total magnetic field produced by two circular current F

loops with current I everywhere in the space. Notice that directions of
currents are opposite to each other. R )—7%
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(b) Find the gradients (along x, y, z directions) of the magnetic field near |
to the origin (x,y, z = 0) in terms of R, d and I. Given amount of current R J—

I, find the condition to maximize the gradient of the magnetic field. I
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(c) We'd like to make the magnetic field as linear as possible, where second order magnetic field is
negligible, near the origin. Determine the conditions for the most linear magnetic field.
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(d) Discuss the possibility of confining a magnetic dipole m near the origin by using the above linear
magnetic field.
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3. Let’s consider a cylindrical conductor of radius R that is centered
about the z axis. It has a cylindrical hole of radius a bored parallel to
and centered a distance d from, the z axis (d + a < R).The
current density /] = JZ is uniform throughout the remzining metal
of the cylinder and is parallel to the axis. A cross-section of the
cylinder is shown in the right figure.

FBIE—NEZHR, Dzt oNRAERSE. eB-1M¥EHa
FAHEB2AdNREAR(A+a < R). EZSOEATEEFHIN

’—

¥4

TTMNEREE] = 2. HEEENEERR.

(a) Find the magnitude and the direction of the magnetic field in the
hole.
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(b) Find the magnitude and the direction of the magnetic field outside the hole both inside the
conductor and outside conductor.
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(c) Now imagine the situation that the magnitude of the current density varies slowly in time, that is,
d

Fra 0. Find the magnitude and the direction of the induced electric field in the hole.
EW%E%EE%NEE%EQR.w%¢0.ﬁﬁﬁﬁﬂm%%ﬁ%%mk¢ﬁﬁﬁo

(d) Find the magnitude and the direction of the induced electric field outside the hole both inside the
conductor and outside conductor.
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4. Let’s consider a relatively long solenoid of radius R and length [ with n turns per unit length, carrying
a steady current I. Inside the solenoid, a linear material with magnetic permeability g and the same

radius R is inserted up to the length of x. Let's ignore the edge effect and assume the material can be
moved inside the solenoid without friction.
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(a) Find the magnitude and the direction of !
the H and B field inside the solenoid for both [ eeseeceseese
in and out of the linear material.
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(b) Find the magnetic energy of the system in the function of x.
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(c) Find the magnitude and the direction of the force on the linear material in the case we keep /
constant.
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(d) If the linear material is replaced by another solenoid (solenoid 2) of the same radius R with ny turn

per unit length carrying a steady current I, find the magnitude and the direction of the force on the
solenoid 2.
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5. Consider a circular ring made of a conducting wire. The area of the circle is A, the mass of the ring is
™, and its total resistance is R. The ring is suspended at the end of a rigid, insulating rod of length L.
Neglect the friction and the mass of the rod. Assume that the circle is sufficiently small (VA « L), so that
the mass of the ring can be regarded as point-like. As the ring-rod system undergoes a pendulum motion,
the rod is confined in the yz-plane, while the ring stays parallel to the x-axis (See the figure below).

Finally, the pendulum is subject to a constant, uniform magnetic field B = By as well as the
gravitational field g =— g3.
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(a) Suppose that the ring is in motion at an angle 6 with an angular velocity w = P Write down the

induced electromotive force € in terms of 8 and w. Also, what is the electric current owing around the
ring?
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(b) Compute the magnetic dipole moment m, and the torque N due to the interaction of m with the
background magnetic field B.
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(c) Write down the equation of motion for the pendulum, including both the magnetic force as well as
the gravitational force.
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(d) Using the equation of motion and taking the electric current into account, show that the energy
conservation law holds.

FIRREDHRE, FREREEER, IEAERSFIERRMIL,




6. (Extra point problem) Fff/iN&t

Let’s consider the half of the entire region below the plane z = 0 is
filled with uniform linear dielectric material of susceptibility x,, and
the other half (dark area) is filled with a conductor with the
potential V = 0. Can you find which area a point charge g situated
a distance d above the origin will collide? Dielectric area or
conductor area? Why?
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