Physics 227 — Final Exam
Wednesday, May 9, 2018

Physics 227, Section

Your name with exam code

Your signature

Turn off and put away ALL electronic devices NOW. NO cell
phones, NO smart watches, NO calculators.

The exam will last from 4:00 to 7:00 PM.
Use a # 2 pencil to make entries in the circles at the bottom of the
cover sheet.

Make sure your name and RU ID are correct on the cover page. CARE-
FULLY detach the cover sheet (with your name, ID and the an-
swer circles).

During the exam, you may use pencils, NO calculator. and THREE 8%“ X
11" sheets of paper with handwritten (both sides) equations and notes.

No marks except filled in answer circles below the line, please.
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10.

11.

There are 30 multiple-choice questions on the exam. For each question,
mark only ONE and only one answer on the answer sheet. There is no
subtraction of points for an incorrect answer, so even if you cannot work
out the answer to a question, you should make an educated guess.

Before starting the exam, make sure that your copy contains all 30 questions
and the information pages. Bring your exam to the proctor if this is not
the case.

At the end of the exam, hand in only the cover sheet. Retain the question
sheets for future reference and study.

If you have questions or problems during the exam, you may raise your
hand and a proctor will assist you. We will provide the value of physical
constants that are needed. It is your responsibility to know the relevant
equations.

You are not allowed to help any other student, ask for help from anyone
but a proctor, change your seat without permission from a proctor or use
any electronic device. Doing so will result in a zero score for the exam.

When you are done with the exam, show your student ID to a
proctor, hand in only the cover sheet.



Possibly useful constants:
€0 = 1/poc* = 8.85 x 1072 C?/N-m?
k=1/4mey = 8.99 x 10° N-m?/C?
¢ = speed of light = 3.00 x 10% m/s
—{electron = Gproton = 1.602 x 10_19 C
Metectron = €lectron mass = 9.11 x 1073 kg
Myproton = Proton mass = 1.67 x 107*" kg
fto = 41 x 1077 T-m/A = 1257 x 107 T-m/A
1eV =1.602 x 107 J.

Circumference of a circle =27r; area of a circle is mr?
Surface area of a sphere = 477%; volume of a sphere = 77
Surface area of a cylinder = 27rh + 27r?; volume of cylinder = 7r2h
sin(0°)= cos(90°) = 0
sin(90°)= cos(0°) =
sin(30°)= cos(60°) = 1/2
sin(60°)=cos(30°) = v/3/2
)

sm(45° os(45°) V2/2

d .n

dacaj

Ja™dx = .CL'"+1 except when n = —1. For n = —1, [dz/x = Inz
4 sin(ax) = acos(az)

4 cos(ax) = —asin(az)

[ sin(ax)dx = — cos(ax)/a

[ cos(az)dx = sin(ax)/a

Some metric prefixes:
f = femto = 1071°

p = pico = 10712

n = nano = 107

p = micro = 1076

m = milli = 1073

k = kilo = 10?

M = mega = 10°

G = giga = 10°



2.

The energy density on a parallel plate capacitor stays the same when its
dimensions (length x width x height) are all doubled. By what factor X
does the stored energy change?

a) X =1
b) X = 1/2
c) X =2
d X =38
e) X =4

A DC voltage source is connected to a resistor of resistance R and an
inductor with inductance L, forming the circuit in the figure. For a long
time before ¢ = 0, the switch has been in the position shown, so that a
current Iy has been built up in the circuit by the voltage source. At t =0,
the switch is thrown to remove the voltage source from the circuit. After
t = 0, what happens to the voltage V' (¢) across the inductor and the current
I(t) through the inductor relative to their values prior to ¢ = 07
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V' changes slowly and I changes abruptly.

I changes slowly and V' changes abruptly.

Both V' and I change slowly.

Both V and I change abruptly but do not immediately go to zero.
Both V' and I go immediately to zero.

@



4.

The current in the long-straight wire AB shown in the figure is upward
and is increasing steadily at a rate di/dt. What is the magnitude of the
induced emf £ in the loop of height L and width b — a?
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A resistor with resistance R is connected to the plates of a charged capac-
itor with capacitance C'. Just before the connection is made, the charge on
the capacitor is (). What is the electrical power P dissipated in the resistor
just after the connection is made?
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P = Q*/(RC?)
P = Q*/(RC)
P = QR

P = Q/(RC)

P = zero

A cylindrical resistor is displayed in the Figure. It has a radius r¢, length
L and resistance R. A steady current ¢ flows along the axis of the cylinder.
In what direction does the Poynting vector S point?

S points in the 7, z direction.
The Poynting vector is zero in-
side the resistor including its
surface.

S points in the —#, radial di-
rection.

S points in the é, angular di-
rection.

S points in the k, direction.




6. A small, circular ring of wire (dotted circle) is inside a larger loop of wire
that carries a current I as shown in the figure. The small ring and the
larger loop both lie in the same plane. If I increases, which of the following
is a correct statement about the current in the small ring?

a) The current in the small ring
is clockwise and caused by self
inductance.

The current in the small ring
is zero, because the two rings
of wire are not connected.

The current in the small ring
is clockwise and caused by mu-
tual inductance.

The current in the small ring is
counter-clockwise and caused by
self inductance.

The current in the small ring is
counter-clockwise and caused by
mutual inductance.
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7. Aninsulating spherical shell of inner radius a and outer radius b is uniformly
charged with a positive charge density. Which figure best depicts the radial
component of the electric field E,
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8. A current I =1 A flows around a plane circular loop of radius r=1 cm,
giving the loop a magnetic moment of magnitude m. The loop is placed in
a uniform magnetic field B=2 T with an angle ¢=30 degrees between the
direction of the field lines and the magnetic dipole moment, as shown in
the figure. What is the magnitude of the torque 7 on the current loop?

N\ \AYP__;
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7 =271 x 1072 N-m

a)

b) 7=mx10* N NN )
¢) 7=27x107* N-m A )
d) 7=mx10"% N-m

e) 7=+/31x10"* N-m

9.  Which of the following equations implies that you get a greater emf the
faster you rotate the coils of a generator?

a) F=q(E+7x B)
) fE:‘dfiT:CI/Eo
) $E-dl=—12
) $§B-dA=0
) $B-dl= piol + proeo G2
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10. A point charge ¢g;=+2nC is located at the origin (z = 0) and a second point
charge ¢;=-6nC is at x = 0.2 m. What is the magnitude of the electric force
F on each charge in terms of k = 1/4mey?

a) F=10""kN

b) F=12x 1076k N
¢) F=10"8kN

d) F=4x10"%k N
e) F=3x10"kN



11.  The figure displays a sinusoidal electromagnetic standing wave. Which of
the following is a TRUE statement for the average Poynting vector Sg,7
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Perfect conductor

—

Sqv 1S zero.

5,“, points along the +x axis.
S,, points along the +y axis.
Se points along the +2z axis. X
S points along the —z axis. - \u

12. An L-R-C series circuit with an inductance L = 0.10 H, resistance R =
150 €2, and a capacitance C' = 1x 107 F carries an rms current I, = 0.5 A
with an angular frequency w = 2000 rad/s. What is the power factor cos¢
for this circuit, where ¢ is the phase difference between the current and the
voltage in the circuit? [Note: refer to “Possibly useful constants” for cos of
simple angles.]

a)
b

D
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cosp=1
cosp=1/2
cosp = v/2/2
cosgp = \/3/2
cos¢p=0

13. Which of the following is FALSE?

The direction of the force on a charged particle is in the direction of
the electric field.

A magnetic field accelerates moving charges but never changes their
speed.

Maxwell’s theory of electromagnetism predicts that energy can be
stored in a vacuum.

The electric field between the plates of a charged parallel-plate ca-
pacitor can be calculated with Gauss’ law.

The EMF across an inductor is a consequence of Faraday’s law.



14. In the figure the phasors for current ¢ and voltage V rotate counter-
clockwise with angular frequency w. Which of the following is a correct
statement about this phasor diagram?

The phasor diagram represents an AC circuit consisting of only a
resistor.

The phasor diagram represents an AC circuit consisting of only an
inductor.

The phasor diagram represents an AC circuit consisting of resistor
and a capacitor.

The phasor diagram represents an AC circuit consisting of only a
resistor and inductor.

The phasor diagram represents an AC circuit consisting of only a
capacitor.

15. You are given two charges ¢; = +4 nC and ¢o = —4 nC separated by a
distance d = 6 mm. What are the magnitude and direction of the electric
dipole moment p?

a

=3

N —
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= 24 x 107'2 C-m, from q; to g.
16 x 10712 C-m, from ¢; to ¢o.
24 x 10712 C-m, from ¢, to q;.
= 16 x 107'2 C-m, from ¢ to ¢;.
= 96 x 1072 C-m, from ¢ to ¢q;.
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16. A long solenoid of 800 turns is 0.5 m in length and it carries a current of
2.0 A. What is the magnetic field B inside the solenoid at its center?

a) B = 1p(1600) in units of T.

b) B = 1o(800) in units of T.
¢) B = pp(400) in units of T.
d) B = 10(3200) in units of T.
e) B=0T
17. In the figure a circular loop has radius R and carries current I in a

clockwise direction. The center of the loop is a distance D above a long,
straight current carrying wire. If the magnetic field at the center of the
loop is zero, what are the magnitude and direction of the current I; in the
wire?

a) I, = Iy and goes from right to left.

b) I} = wDIy/R and goes from right to

left.
¢) I = wDIy/R and goes from left to

<

right.
d) I = DIy/R and goes from right to T
left. i
e) I = DIy/R and goes from left to .
right. 5

18. A capacitor (] is charged to potential V. It is then connected in parallel to
an uncharged capacitor of capacitance Cy, and the potential drops to V/3.
What is the value of (57

a) CQ = 201
b) CQ - 301
C) CQ = 01/3
) C = G

e) 02 = 61/2

19.  The resonant frequency of a certain L — C' circuit is 10° rad/s. If the
capacitance and inductance each increase by a factor of 5, what will be the
new resonant frequency wg?

wo = (1/25) x 10° rad/s
wo = (1/5) x 10° rad/s
wo =1 x 10° rad/s

wo =5 x 10° rad/s

wo = 25 x 10° rad/s
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20.  Anideal transformer connected to an AC line with an rms voltage V,.,,,_1=120 V
is to supply an rms volatage V,.,s_2=12 V to a portable electronic device.
The load resistance in the portable electronic device is R = 4 €. What rms
current Iy_,,,s is in the primary?

a) Irms—l =3.0 A

b)) Lms1=03A

C) Irmsfl =30 A

d) Lpms—1 =3.0/v2 A
e) Lms1=03vV2A

21.  The figure displays a circuit with EMF=10V, Ry = R, =2 Q, L =2 uH,
and C' = 2 pF. At time ¢t = 0 the switch is closed. What is the current I at
time t = 1 87

+|g
UL
a) I =0A SZ .
b) I =5A L st
c) I =15A
d) I =20A —/\/\/\/\—”——
e) I =25A _ R, c
22. An electromagnetic standing wave in air has a frequency f = 30 MHz.

What is the distance Az between a nodal plane of the electric field E and
the closest nodal plane of the magnetic field B? Note ¢ = 3 x 10% m/s.

a) Az = 10m

b) Az = 1.0m

c) Az = 5m

d) Need to be given the wavelength of the standing wave.
e) Az = 25m



23. Two point charges, +q and —q are placed as shown in the figure. What
is the correct rank of the five points labeled A, B, C, D, and E in order
of the electric potential V' at each point due to the two point charges, from
the most positive to the most negative. The five points and the two point
charges all lie in the same plane.

1 A 1 B 1
‘Y‘ -

¢
|
|
|
-—— - —— ——9-
+q -q

a) A=B=C=E>D
c) C >A>D>F > B ) g } ]
d C>A>D>B>FE 5 f 5 5 f
©) A=B>C=FE=0D

24.  You are given the following circuit where R = Ry = R3 = R and the
battery has voltage V=120 V. What is the power P dissipated in resistor

Rl?
a) P=2V?/3R
b) P=4V2/9R? —
¢) P=4V?/9R 120V
d) P=4V2R2/9
e) P=V%/R




25. In the L-C circuit in the figure, the inductance L = 0.5 H and the ca-
pacitance C' = 4 pF. At the instant when the current in the inductor is
changing at a rate of dI /dt=3 A/s, what is the magnitude @ of the charge
on the capacitor?

C
+q || -4
a) Q=6x10"°C
b) Q=6x10"°C @
c) Q=12x10"°C ;
d) Q:12><10f9c :<_ccc _
e) Q=2x10"°C L
26. In the figure a circuit is displayed with a voltage source that varies as a
function of time V(t) = Vpcos(wt). Which of the following statements is
FALSE?

When the alternating voltage Vi (t) across
the capacitor is zero, the magnitude of the
current /(t) must be a maximum.

When the charge () on the capacitor is max-
imum, the current must be zero.

When V;, > V, the current I may be directed
either clockwise or counterclockwise.

The current through the capacitor is given
by Io(t) = VowC cos(wt + 7/2)

When V, > V, the derivative of the current
dI(t)/dt is positive.




27.

28.

29.

In the circuit in the figure, neither the battery nor the inductors have
any appreciable resistance, the capacitors are initially uncharged and the
switch S has been in position 1 for a very long time. Ly = 2L, = 2L;
Cy = Cy = C. The switch is now suddenly switched to position 2. What is
the angular frequency w of this circuit?

— JVIC b

1/(VLO)
W 125.OQ§

—1/(/3LC/2) T"

= 1/(v/6LC)
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An intense light source radiates uniformly in all directions. At a distance
r from the source, the radiation pressure on a perfectly absorbing surface
is preq and the intensity is I. What is the total average power output P,
of the source?

a) P(w = CPrad

b) P, = cprag(dnr?)
c) Py = 2cprag(4mr?)
d) Puw = Praa(2mr)

e) Pav = QCprad

A positive point charge is moving directly towards point P with velocity v.
Which of the following statements about the magnetic field that the point
charge produces at point P is TRUE?

a) The magnetic field that the point charge produces at P points from
the charge toward point P.

b) The magnetic field that the point charge produces at P points from
point P toward the charge.

¢) The magnetic field that the point charge produces at P is perpen-
dicular to the line from the point charge to point P.

d) The magnetic field that the point charge produces at P is zero.

e) The answer depends on the speed of the point charge.



30.  You are given two metals. Metal A has py = 20 x 10~® Q-m and Metal B
has pp = 5 x 1078 Q-m. What diameter dp of a Metal B wire has the same
resistance as a wire of the same length of Metal A with d4 = 4 mm?

a) dp=2mm

b) dp =4 mm

¢) dp=1mm
d) dp=0.5mm
e) dp=0.25mm



