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Dept. /Division | Student PIN : Name |
e P sriwis E
sum ddE2|E E Course Code | GEDBO1O | Secti Nurrk
| THEE | s : | asxE
Class Time | imstructor | MES |Proctor’s Signature
FElAEE | 1. Electronic calculator is not allowed!!
Note 2. Answer the questions 1n English or Korean.
e S > SRR it e — o A S o - A et el
{1] 25 pomts] A particle with | 121 125 pointa] v 100
charge @ is located a smalt ! Protons naving 2 ; !
distance § immedistely above the J9¢ linetic energy of 3.00 i -
center of the flat face of a L S MeV (1 eV = i
hemisphere of radivs R as shown R 180« 1077 ) are o . ”
in the fisure. What is the electric . moving mn the positive i g
flux (a) through the curved x direction and enter a i el
surface a5 §— 0 and (b} through magetic feld ® 5
the flat face as ¢—0? E=00800kT
directed out of the plane of the page and extending from x =0
to + = 1.00 m a3 shown in the figure. (a) Tgnoring relativistic
effects, find zina where o I3 the angle between the imual
velocity vector of the proton beam and the wvelocity vector after
the beam emerzes from the feld (b} Caladate the y
component of the protons’ momenta ag they leave the magnstic
field Of cowrse you don't need to calculate the sine value in the
Page 1/2
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. {31 [25 points] a bar {4] 125 points] Coberent
! of masz m and light rays of wavelenath
. | & ol resistance | clides A zuike a par of shits
€ ) _B""‘ T & without friction In. 2 separated by distance 4
N ' horizonsal plane. at an angle 8, with
i . : moving on paratlel rais|s« respect to the normal to

the plane containing the

5 chown in the flswre
slits as chown in the

) ) The rails are separated

oy 3 distance d. A bartery that muintains a comstant emf e i5 figure. The ray: leaving

connscted between the rail, and a constant magnetic field B is —— the clits make an angle

perperdeulardy out of the page. Asovming the bar ctarts from | 2 With respect 10 te normel and an iverference mmimum i3

rest at time +=0. find the bar's wpeed (¢} at fume 1. formed by those rays on a seresn that [o o great distance from
the slirs. Express 8, in terms of 8. A, and 4. You may nezd

to introduce an iateger m to express the orcer nuomber.

Page 2/2
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. Semester | 2016 & 2 87| Exam Type SIEFSSEAE Bk i 90 &/Minutes
s s A
Dept./Division | Student PIN. Name
i P-I-_E.."Eg olHF=2al|s é{%ﬁ.‘}é—- —E—H'_I'
Subject | adisalse | Course Code GERERIO Section Number
SoHE | Eehna —_— EAlEel
f ME=s dk .
. Class Time | Dey | Time Instructor - 7T |Proctor's Signature
F2lAlgt | 1. Electronic calculator is not allowed!! !
Note 2. Answer the questions in English or Korean.
[1] [25 points] The current in the long, straight wire is upward [2] [25 points] A sphere of radius
and increasing steadily at a rate di/dt. R surrounds a particle with charge
= (a) At an instant when the s () located at its center as shown
r I, dr current is 2, find the magnitude: }' in the figure. Find the electric flux
| of the magnetic field B(r) at a B L‘?f through a circular cap of
\R /
i distance r in terms of 7 and r. ~~ J‘/ half—angle 8.

|
|
il (b) What is the total magnetic
_ I flux (@) through the loop when
I i : the current is 7?

= (c) What is the induced emf (e)
i in the loop when the current is

b i?

Page 1/2
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s s o b [3] [25 points] A bar [4] [25 points] A spacecraft with a proper length of L, passes

T * l . J— of mass m and by an observer on the Earth. According to this observer, it
5 A o gy resistance R slides takes a time interval At for the spacecraft to pass a fixed
aut : without friction in a point. Determine the speed of the object as measured by the
l ; o T horizontal plane, Earth—based observer.
moving on parallel rails

- as shown in the figure.
The rails are separated:

by a distance d. A battery that maintains a constant emf £ is.
connected between the rails, and a constant magnetic field B is
perpendicularly out of the page. Assuming the bar stars from rest
at time £ =0, find the bar’s speed {(v) at time ?.

Page 2/2
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1. BXAH I AL 2Ot 2. [25 points] An infinitely
2. go2 83 T d2o2 24 i long thin strip of metal of
4 " | width w carries a current 7
1. [25 points] An electronic dipole is | 7 along its length as shown in
located along the y axs as shown in the " | the Figure. The current s
Figure. The magnitude of its electric dipole Eg | distributed uniformly  across
moment is defined as p = 2agq. +ew” b the width of the strip. (a) (15
(@ (10 pts) At point A which is far from ,|e /" /. pts) Find the magnetic field at*

the dipole (r>» a), calculate the dipole
electric potential as a function of p, r,
and 4.

a

—q =
I

(b) (10 pts) Calculate the radial component E. and the angular
component %, of the associated electric field (Note that
E = —aV/er and B, = —(1/r)(aV/58))

(b) (5 pts) Check the resulting electric fields at 8 = 90° and (°.

point P Point P is in the plane of the strip at distance b
away from its edge.

(b) (10 pts) If a charged particle passes through the point A
with velocity v,i and charge +¢ what is the magnetic
force on the particle at that moment?

(Continue on the other side of the paper)
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Y. 25 PointsT & migtatis Bar

of mass m and resistance i =
R slides without friction in T | _L
a horizontal plane, moving d By £
on parallel rails as shown in l -]_
the Figure. The rails are }

separated by a distance d.
A battery that maintains a constant emf e is connected

between the rails, and a constant magnetic field B is
directed perpendicularly out of the page.
(a) (15 pts) Assuming the bar starts from rest at time ¢ = 0,

find the speed of bar at time ¢(:- 0) as a function of
m, B, d, e, B,and t.

(b) (10 pts) What is the acceleration at ¢ and the distance
travelled between ¢ =0 and (> 0).

4, [25 points]

(a) (05 pts) A particle of mass m is confined to a
one—dimensional box between z =0 and z = L.

Prove that quantized energy levels of the particle is

2

£ =( Q)nz. n=1,2,3,.... where h is the Planck’s
8mL

constant. Use three hints:

2rx )

1. The wave function for the particle :b{x)=Asin(T

where A is a constant and X is the wavelength (or the
: h
de Broglie wavelength; A =;}.

2. The boundary conditions: the wave function vanishes at
=0 and z =L.
3. The energy of the particle is the kinetic energy alone,

2

; P
e F=—.
Le 2m

(b) (10 pts) The period of a pendulum is measured to be
5.00 s in the reference frame of the pendulum. What is
the period of the pendulum measured by an observer
moving at a constant speed of 0.995¢ relative to the

reference frame of the pendulum? (Use 0.995% =0.99.)
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1. @RASI] AR 21 2. [25pts] A parallel plate capacitor has capacitance C It is
2. HOE &2 FE= AdESE &AM connected to a battery of EMF ¢ until fully charged, and

1. [25pts] {a) (13 points) A parallel-plate capacitor of area
A and spacing d is filled with three dielectrics as shown in
the figure below. Each occupies 1/3 of the volume. What is
the capacitance of this system? [Hint: Consider an equivalent
system to be three parallel capacitors, and justify this
assumption.] Show that you obtain the proper limits as the
dielectric constants approach unity, x,—1.]

A/3

ST an

X

(b) (12 points) Suppose the capacitor is filled as shown in the
figure below. What is its capacitance? Use Gauss's law to find
the field in each dielectric, and then calculate AV across the
entire capacitor. Again, check your answer as the dielectric
constants approach unity, s,—1. Could you have assumed that

this system is equivalent to three capacitors in series?

then disconnected. The plates are then pulled apart an extra
distance ¢ during which the measured potential difference
between them changed by a factor of 4.

Below are a series of questions about how other quantities
changed. Although they are related, you do not need to rely
on the answers to early questions in order to correctly
answer the later ones.

a) (7 points) By what factor did the energy stored in the
electric field change? Make sure that you indicate whether
the energy increased or decreased.

b) (10 points) A dielectric of dielectric constant x is now
inserted to completely fill the volume between the plates.
Now by what factor does the energy stored in the electric
field change? Does it increase or decrease?

¢) (8 points}) What is the volume of the dielectric necessary
to fill the region between the plates? (Make sure that you
give your answer only in terms of variables defined in the
statement of this problem, fundamental constants and
numbers.

&5 A A%
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V.- J TNV CKU) ; ; ;
:3.‘(551:&]l Aﬁ%g’rll?i}zfc(:?ukfg rod having a mass density A kg/m is

suspended by two flexible wires in a uniform magnetic field
which points out of the page, as shown in the Figure below.
If the tension on the wires is zero, {a) (20 points) what are
the magnitude and (b) (5 points) the direction of the current
in the rod?

4. [25pts] An infinite straight wire carries a current 7 is
placed to the left of a rectangular loop of wire with width
and length / as shown in the Figure below.

Ly
'—>{<— w —;-l

£

(@) (12 points) Determine the magnetic flux through the

rectangular loop due to the current [

(b) (13 points) Suppose that the current is a function of time
with 1(5:@+bt, where a and b are positive constants. What
is the induced emf in the loop and the direction of the
induced current?
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1. [25pts] Consider a system of capacitors where two parallel plate
air capacitors each of capacitance C are connected in series to a
battery of EMF {. Now one of the capacitors is filled uniformly with
a dielectric of dielectric constant K.

(a) What would happen to electric field strength of that capacitor?
[10 pts]

(b) What would be the change in electric field strength? [8 pts]

(c) Calculate the amount of charge that flows through the battery? [7

pts]

2. [25pts] The entire T — y plane to the right of the origin O is
filled with a uniform magnetic field of magnitude B pointing out of]

the page, as shown. Two charged particles travel along the negative x

—

axis in the positive x direction, each with velocity v, and enter the
magnetic field at the origin 0. The two particles have the same mass
m, but have different charges, g;and ¢,. When in the magnetic field,
their trajectories both curve in the same direction (see sketch), but
describe semi-circles with different radii. The radius of the semi-circle
traced out by particle 2 is exactly twice as big as the radius of the
semi-circle traced out by particle 1.

Two charges Y 2out of peper

each with : ICC
speed V R ECHCRORONO]

: (ONONO! =
0) O OCHONONO!
lolo'YoRcNo
@ jo¥oNoNoXa
= (ORORORONO]

(a) Are the charges of these particles positive or negative? Explain

your reasoning. [10 pts]

G2
(b) What is the ratio q—? [15 pts]
1

(che Rl A%)
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WMNiWEﬂS{WLﬁéMﬁMire loop in Figure of radius = 0.010 m

and resistance = 10.00f2 lies in the plane y = 0 in a spatially

uniform magnetic field 5 = 0.100cos (27rt/8)5.

(a) Write Faraday's law and define all terms with correct units. [7
pts]

(b) Calculate the magnetic flux through the loop at t = 1/6 s. [8 pts]
(c) Use Faraday's law to determine the induced current in the loop.
[5 pts]

(d) Use Lenz's law to determine the direction of the induced current

in the loop at t = 1/6 s and explain your reason. [5 pts]

zZ
- -> B
- =
¥

4. [25pts] A monochromatic light with a wavelength of A = 600 nm
passes through a single slit which has a width of 0.800 mm.

(a) What is the distance between the slit and the screen be located if the
first minimum in the diffraction pattern is at a distance 1.00 mm from the
center of the screen? [15 pts]

(b) Calculate the width of the central maximum. [10 pts]
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1. ERAMD AE 2} 2. [25pts] Calculate the electric field due to two
2. o2 82 E= 2R22E /M infinite nonconducting oppositely charged sheets brought

together to a distance a.
(a) if the magnitude of the positive charge density o+

is twice larger than the negative charge density o- (i.e.,
straight wire carrying 6.=—20_)
+= -J.

1. [25pts] A sguare conductive loop and a very long

electric current [ are x a (b) if the magnitudes of charge densities are the same
placed on a smooth

b 4
A

(ie., 0+=—0-)
horizontal non—magnetic

and dielectric surface as
A

shown in figure from [ v

the top view. The loop
is pulled to the right at

a constant velocity v, perpendicular to the wire.
(a) Find the electromotive force in the loop as a
function of distance x and explain the origin of emf.

(b) Identify the direction of current in the loop.

(= 2ol A%
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¥ 2 aptsVER Gbn¢imidiatthg sphere has mass 80.0 g and
radius 20.0 cm. A flat compact coil of wire with 5 turns
1s wrapped tightly around it, with each turn concentric
with the sphere. The sphere is placed on an inclined
plane that slopes downward to the left, making an angle 8
with the horizontal, so that the coil is parallel to the
inclined plane. A wuniform magnetic field of 0.350 T
vertically upward exists in the region of the sphere.
1 \ B

P

Th

(

9
(a) What current in the coil will enable the sphere to

rest in equilibrium on the inclined plane?
(b) Does the result depend on the value of 6?7

4. [25pts] When the following circuit is connected, how
bright are the bulbs A, B, C, D, and E relative to one
another? The bulbs are identical. If bulb A is removed
from the circuit, what happens to the brightness of B, C,
D. and E? If bulb A is replaced by two new bulbs, what
happens to the brightness of the remaining bulbs?

A
battery + " b
— E

i G
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2. [25pts] Shown on the
right is Bohr's picture of
an atom with one nucleus at
the center and one electron
orbiting it.

(a) In classical physics,
what would be the Newtonian
equation of motion of an
electron? Write it down and
explain.

(b) Explain why classical physics would have predicted such an
atomic configuration to be unstable, i.e. decays over time.
(b) Explain how Bohr was able to understand the stability of

atoms from some quantization principle.

(&= ol A%
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V&épt@f"&ﬁ‘?‘éw(éﬁw} s Iaw of induction in your own

words. |f possible, write down an appropriate differential
equation for it. Electric field and magnetic field should be
written as E(r,t) and B(r.t). respectively. Explain how the
modern power generation technology depends entirely on his
principle, and why having a bigger magnet inside the generator
will help with greater power output.

4. [25pts] A thin metallic slab is subjected to an electric
field in the +x direction and a magnetic field in the +z
direction. Their strengths are E and B, respectively. The
metallic slab has the electric conductivity equal to o. The
density of electrons in the slab is n, and electrons' charge is
denoted -e.

(a) Write down the appropriate equation of motion for the
electron.

(b) What is the electron's velocity in a steady state (i.e.
when the total force on it becomes zero)? In such a state, how
much current flows in the direction perpendicular to the
E-field? Such current is called the Hall current.

(c) In a hypothetical world where the electronic charge is +e
and -e, what changes will occur to the Hall current?
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insulating solid sphere of radius o has a
total charge + @. A conducting hollow sphere
whose total charge is — ¢ has the inner
radius b and the outer radius
concentric with the solid sphere.

¢ and is

(a) (15 pts) Find the magnitude of the electric field in the

regions r<a, a<<r<b, b<<r<c, and r>c.

(b) (10 pts) Find the surface charge density ¢ on the inner
(at r=0) and the outer (at r =) surfaces of the hollow

sphere.

4 .
& dutEeE 2 stAL geard
%3
- 4
3-(eh) A dd o 4 o]
1. Electronic calculators are not allowed. [2][25 points] A disc of radius b has a
2. Answer the questions in English or Korean. circular hole of radius a as shown in the <
(gote st22 srdreghyct) figure. The disc is put on the =—y plane “
. . -0 with the center at the origin and the
[1][25 points] A unifornly charged surface charge density ¢(:>0) is uniform.

{a) (15 pts) Calculate the electric potential V at :: (0,0,2) .

(b} (10 pts) Calculate the electric field at ::(0,0,z). If you
put a particle of charge —¢q and mass m on the z—axis near the
origin (z< «). what kind of motion do you expect to observe?
Calculate the period of the particle's motion.

{Continue on the other side of the paper)




SUNG KYUN KWAN

SKKU-CS-009

€ (

ﬁ&Mﬁt@alm@m&dﬂCting bar E
illustrated in the figure moves on T,

two frictionless, parallel rails in i

the presence of a uniform magnetic
field directed into the page. The R

bar has mass m, and its length is /. ¢ T ..-.........-v-.
The bar is given an initial velocity .
v; to the right (#x direction) and is

released at ¢=0. i we
————-

I —x

(a) (10 pts) Using Newton's laws, find the velocity of the bar

as a function of time.

(b) (5 pts) Sketch a graph of the velocity of the bar as a

function of time. Show that the bar will stop at t—>00.

(¢) (5 pts) Find the distance the bar moves as a function of

time.

(d) (5 pts) What is the maximum distance the bar moves,

T (t—>00 )?

[4][25 points] A series circuit
consisting of a resistor, an
inductor, and capacitor
connected to an AC{Alternating

Fiﬁ‘* W’

Current) source. The RLC

circuit has R=»0, L=yH,

T=zF, AC source with

frequency f=a Hz and the maximum output voltage of source
AV . =bV. Here z,y. 20, and b are positive constants.

{a) (9 pts) Determine the inductive reactance, the capacitive

reactance, and impedance of the circuit.

(b) (5 pts) Find the maximum current in the circuit.

(¢) (5 pts) Find the phase angle between the current and

voltage.

(d) (6 pts) Find the maximum voltage across each element .
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f | (Pmblcm 4]]"‘ ponm} A series cirourt r.nmmmg of a resistor, an inductor, ‘nﬁi

[Problema 3}[25 points] The Conducting bar lustrated in Figwe below moves
on two fnchonless, paallel rells n e preserce of a ubiform magnenc Hield ¢
Edirecrcd wmto the page. The bar has mass m, and 1its length 15 / The bar s

senies of RLC cicwt has R=1 2,

frequency f=wH: and the maxmun

capacitur connected o an ACtANernatmg Cuirent) souice a@s shown helow
L=yll, O=zF,

outpod

al
AC
voltage

sowte with,

of v.mruei

given an mitial velocity, v, to the nght { x direcuion) snd is released at 10 AV, =61 Hee z.ip 2w asd o are posifive constant
i
B,
;i Mh— R
| g
, | I 7 L o
| i
l | 1
i
L &p | |
f é s S e i
i F:. 3
i
]
1] !
i I {a} [9 puints] Determine the mducuve reactance the capacmive reactance, and
., S wipedance of the circait
|
; / "0"__‘)( {b) [5 poins] Find the maximum corremt m the circuit
i
(c) {5 pomrs} Fiid the phase angle between the cunent and voltage
ia) [10 poims] Using “ewton's laws, find the velotity of the bar as a function W AG" puinke] Flodl e s Voltpa mor sy eanit £laiedt

jot time
(i [5 pomis] Sketch a graph of the velocity of the ba

) Kib»lm ]Cl“f‘i’

as a function of time

Sshow that the bar will stop at i-»eo,
(c) [5 points] Find the distzace the bar moves as o function of e

() [5 pomts] What is maximun distance, z{t—217 F’ ’ X“ 5 !/MC

’5@7 Fe= Ma= ;rdg -.fo%‘-'%)@'
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