Physics 102 Exam 2 Fall 2015

Last Name: First Name Network-1D

Discussion Section: Discussion TA Name:

Turn off your cell phone and put it out of sight.
Keep your calculator on your own desk. Calculators cannot be shared.
This is a closed book exam. You have ninety (90) minutes to complete it.

1. Use a #2 pencil. Do not use a mechanical pencil or pen. Darken each circle
completely, but stay within the boundary. If you decide to change an answer, erase
vigorously; the scanner sometimes registers incompletely erased marks as intended
answers; this can adversely affect your grade. Light marks or marks extending outside the
circle may be read improperly by the scanner. Be especially careful that your mark covers
the center of its circle.

2. You may find the version of this Exam Booklet at the top of page 2. Mark the
version circle in the TEST FORM box near the middle of your answer sheet. DO THIS
NOW!

3. Print your NETWORK ID in the designated spaces at the right side of the answer
sheet, starting in the left most column, then mark the corresponding circle below each
character. If there is a letter 0™ in your NetID, be sure to mark the "o0™ circle and not the
circle for the digit zero. If and only if there is a hyphen "-" in your NetID, mark the
hyphen circle at the bottom of the column. When you have finished marking the circles
corresponding to your NetID, check particularly that you have not marked two circles in
any one of the columns.

4. Print YOUR LAST NAME in the designated spaces at the left side of the answer
sheet, then mark the corresponding circle below each letter. Do the same for your
FIRST NAME INITIAL.

5. Print your UIN# in the STUDENT NUMBER designated spaces and mark the
corresponding circles. You need not write in or mark the circles in the SECTION box.

6. Sign your name (DO NOT PRINT) on the STUDENT SIGNATURE line.

7. Onthe SECTION line, print your DISCUSSION SECTION. You need not fill in
the COURSE or INSTRUCTOR lines.

Before starting work, check to make sure that your test booklet is complete. You should
have 10 numbered pages plus three (3) Formula Sheets following these instructions.

Academic Integrity—Giving assistance to or receiving assistance from another
student or using unauthorized materials during a University Examination can be
grounds for disciplinary action, up to and including dismissal from the University.
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Physics 1024 Exam 2 Fall 2015

This Exam Booklet is Version A. Mark the A circle in the TEST FORM box near the
middle of your answer sheet. DO THIS NOW!

Exam Grading Policy—

The exam is worth a total of 102 points, composed of three types of questions.

MCS5: multiple-choice-five-answer questions, each worth 6 points.
No partial credit.

MC3: multiple-choice-three-answer questions, each worth 3 points.
No partial credit.

MC2: multiple-choice-two-answer questions, each worth 2 points.
No partial credit.

Some helpful information:
e A reminder about prefixes: p (pico) = 10*?; n (nano) = 10°; p (micro) = 10°®;
m (milli) = 1073; k (kilo) = 10™3; M or Meg (mega) = 10*°; G or Gig (giga) = 10*°.
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PHYS 102 Exams PHYS 102 Exam 2 Print (A)

The next three questions pertain to the situation described below.

Illustrated below is a parallel plate capacitor. The terminals of the capacitor are open.

Plate Area;: A = 0.8 m?
4 |

d Plate Spacing: d = 0.2 mm

Charge Stored: Q = 3.7 uC

1) What is the voltage, V, across the spacing of this capacitor?

a.V =105V
b.V =252V
c. V=39V
dV =158V
e. V=578V

2) You insert a slab of a dielectric material between the plates. The dielectric material fits the capacitor
spacing exactly.

After the insertion of the slab, the voltage difference between the two plates is 1/3 of the value asked in
question 1.

What is the dielectric constant x of the inserted material?

A
< ld

T

ax=1/3
b.x =1
C.k=3

3) While the dielectric material goes into the capacitor gap, the potential energy stored in the capacitor

a. increases.
b. stays the same.
c. decreases.
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The next two questions pertain to the situation described below.

A single resistor is made by attaching two blocks of different materials to two conducting plates, as shown in
the figure.

area A

Cross Sectional Area of Blocks:
A=16x10%m?
P2
Length of Blocks:
L =0.125m

Resistivities:
pr =35x108Q.-m
p2 =5x108Q - m

4) What is the total resistance R of the combined element?

a.R=67x10°Q
b. R=1.1x10°¢
c.R=27x10°Q
d. R=88x107
e.R=16x10°Q

5) The resistor is connected to a battery of V' volts and the power dissipation is measured to be Ppefore -

area A area A

Now, the block with resistivity po is replaced with a block of resistivity p; .

When the resistor is connected to the battery (with V' volts) the power |
dissipation is measured to be Pgier. L P, Py

Choose the correct relationship between these two power dissipations from
below.

a. P, after > P before
b. P, after < P before

C. Pitter = Phefore 20f 12



6) In the resistor network shown in the figure, what is the current I?

Assume that all the resistors are identical with
resistance R = 3.75 2 and battery £ = 12 V.

al=13A
b.I =0.64 A
c.I=64A
dI=32A
e. ] =38A

7) You are making a circuit with the following components:

Two identical resistors R = 20 2
A light bulb with resistance Ry, = 1 Q2
A battery with a positive E.

Which of the following circuit connections gives the brightest bulb output (i.e., highest power dissipation at
the light bulb)?

bulb bulb @ bulM
R
A —| B C l :

oo
QW
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The next two questions pertain to the situation described below.

The following circuit contains three resistors and two batteries.

|-|- -|-| I Resistances:
I | M/\ | | R =1550Q

Ry, =450Q
R3; =8.25(Q
Battery emf's:
€1 = 25V
go =105V

8) What is the magnitude of the current |I| flowing through resistor R; ?

a.|I|=04A
b.|I] =028 A
c. I|=11A
d |I| =33A
e.[I| =0.46 A

9) In what direction does the positive current I through resistor R; flow?

a. right
b. left
. cannot be determined
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Consider the circuit below.

10) Which of the following equations is incorrect ?

aec1—eo—I1Ri—-IbRy, =0
b. EQ—I2R2—I3R3 =0
C. 81—[1R1—.[3R3 =0
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The next two questions pertain to the situation described below.

Consider the following capacitor circuit:

Ciy,
I
Capacitances:
Qq | Cl =53 /.I.F
C3
| . I Battery:
: [fe =
E I 0 E=+45V

11) The charge q in the figure is 35 xC. What is the magnitude of the charge Q?

a. |Q[ =57 uC
b. |Q| = 35 uC
c.|Q[ =14 uC

12) The sign of charge @ on capacitor C

a. cannot be determined.
b. is positive.
C. is negative.
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The next four questions pertain to the situation described below.

Consider the following RC circuit. Initially, the capacitor is uncharged.

R,
AA A Resistances:
R, =420
M, R Ry =8.71Q)
3 R3; =122 Q)
+ % R
[ 2 :
S c —— Capacitance:
C =5.5uF
—0 O
Battery emf:
e=25V

13) At t = 0 the switch S is closed. What is the current out of the battery I, immediately after closing the
switch?

a. |I,| = 0.68 A
b. |I,| = 1.8 A
c.|I,| =027 A
d. || =19A
e.|I,| =019 A

14) What is the current out of the battery I a long time (t — oo) after closing the switch S?

a. |I,| =027 A
b. |I,| = 0.68 A
c. |I,| =0.19 A
d.|I,| =19 A
€. |Ib‘ =18A

15) A long time after closing the switch S, how does the voltage across the capacitor Vo compare to the
battery emf ?

aVo>e¢
b. Ve <e
c.Vo=c¢

16) A long time after closing the switch, the switch is reopened. How much time does it take for the capacitor
to lose half its charge?

a.t=96 us
b.t =80 us
C.2 =35 s 70f 12



The next two questions pertain to the situation described below.
Consider a beam of identical particles with the same charge @ and mass m.
The beam enters a region containing a uniform B field pointing into the page.

After entering the magnetic field region, particles from the beam travel along the dotted trajectories shown in
the figure.

»
)
b
L
LY
3
i
iy 3 k
# \
iy ! 1
oy L \
i \ \
] Y \
]
\
v/

et S

17) What is the sign of the charge of the particles?

a. positive
b. the sign cannot be determined
C. negative

18) Particles moving along which trajectory have the largest speed?

a. trajectory b
b. trajectory c
c. trajectory a
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The next two questions pertain to the situation described below.

A bar magnet sits at an angle in a magnetic field as shown in Figure A. Assume the bar magnet is a magnetic
dipole.

- - - - F F F

Angle between the dipole moment and the magnetic field:
0 = 60°

The magnitude of the magnetic field:
B=083T

=1

Figure A

19) When the bar magnet is aligned with the magnetic field, as shown in Figure B, Uy, = — 4.25J.

=l

Figure B

What is the magnitude of torque |7| experienced by the bar magnet in Figure A.

a. |7/ =3.68N-m
b.|r|=213N-m
C.|7| =736 N-m

20) What is the magnitude of the magnetic moment of the bar magnet?

a |p| =176 A -m?
b. || = 443 A - m?
C.|u| =5.12 A - m?
d. |u| = 3.53 A - m?
e. |u| =3.05A -m?2
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The next two questions pertain to the situation described below.

A loop of wire carries a current I and sits in the xy-plane as shown in the figure.

Z

X

21) Which figure best describes the direction of the magnetic dipole moment produced by this current loop?

¥4

! y
I3

Figure A Figure B Figure C

a. Figure A
b. Figure C
c. Figure B

22) The current loop is placed in a magnetic field as shown.

o Founterclockwise

The loop will

a. not rotate.
b. rotate counterclockwise around the x-axis.
c. rotate clockwise around the x-axis.
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The next two questions pertain to the situation described below.

Two long, straight wires are placed on the vertices of a right triangle as shown in the figure.

1 ® I The lengths of the sides of the triangle are:
™ a=6."7m
: . b=91m
i The magnitude of the current carried by each wire is:
a ! \\'\ I=22A

23) Which vector best describes the direction of the magnetic field at vertex 2?

/1N

Figure A Figure B FigureC FigureD FigureE

a. Figure A
b. Figure D
c. Figure C
d. Figure E
e. Figure B

24) What is the magnitude of the magnetic field at vertex 2?
a.|B|=22x107T

b.|B|=82x108T
c.|B|=15x108T
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You are going to make a |]§\ = 1.7 T MRI magnet from copper wire. Assume an MRI magnet is a solenoid.

The solenoid has the following parameters:
Length: L=22m
Diameter: d = 0.65 m

The wire has the following parameters:
Cross-sectional area: A = 3.3 x 107" m?
Resistivity: po, = 1.86 2 - m

The magnitude of the current carried by the magnet wire:

I=140A

25) What is the resistance of your magnet?

aR=24x101%Q
b. R =24x101Q
c. R=10%00
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Physic 102 formula sheet (SP2015)

Kinematics and mechanics

1
x:x0+vot+§at2 v = v + at 02:1)(2)+2an
2
F=ma a. = v
r
- P’
Eiot=K+U K=-mv"=-— p=muv Wr = Fdcos@
2 2m
Electrostatics
F U
Fip = k22 E=" U = k82 V=" Wg = —AU = —Wyou
r do do0
Point charge FE= k% V= kg
T r
Electric dipole p=qd Tdip = pE'sin6 Ugip = —pE cos 0
Resistance
v A L
R= T 1= K(t] Physical resistance: R = P
V2 1 1 1
P=1V=I°’R= — Rs=Ri+Ry+--- — =t =t
R S 1+ fig + Rp 7 + 7 +
Capacitance
A
C = Q Parallel plate capacitor: C = €0 E = i V = Ed
%4 d €0A
1 1 1Q? 1 1 1
Uo=-QV=_-CV?=_2 Cp=C1+Cy+--- — = — -
c=39V =3 2°C p=CitCat G oo’
Circuits
DAV =0 > din = o
q(t) = g (1 —e7t/7) q(t) = qoe ™ I(t) = Ipe /7 7=RC
Magnetism
F =quBsinf r= % Fyive = ILBsinf Tloop = NIABsin ¢
Magentic dipole: w=NIA Tdip = #Bsing Ugip = —puBcosy
pol
Byire = oy Bgor = pont
r

Electromagnetic induction

AD
EZ_NE ® =BAcosyp
|€bar] = BLv Egen = Emax sinwt = wNAB sinwt w=2mf
V _ Vmax I — Imax E = é = Np
rms \/i rms \/i Vs Ip Ny
Electromagnetic waves
c
A== E =¢B
f
1 1 1 B? P
= —enE? = _— B2 0= E? _~ B2  —¢F% — Ims S=171=7c=—
Ug 260 up 2110 u 260 rms + 20 rms — €0Lrms 110 uc A

1
fo=1. +Urel/6%f€ (1+Urel> IZI()COS2(9
v 1 —vpe/c ¢



Reflection and refraction

1 1 1 R he &
0, = 06; — —_ = — = +— _
r= b W a 7 f=%5 e T T ds
0 d
n1 sin 07 = ng sin Oy V= € sinf, = 2 = L g Rear
n ni 0 f
. . o Ltube o dnear
Compound microscope: Mohj = Meye Mot = Meyemon;
fobj feye
Interference and diffraction
1
Double-slit interference: dsinf = m\ dsinf = (m + 2) A m=0,x1,£2,---
Single-slit diffraction: asinf = m\ m=0,+1,42 -
Circular aperture: Dsinf =~ 1.22)\
Quantum mechanics
hc h h h
E=hf=— A=— Ap, Az > — h=——
=3 D Po2t =5 o
Bohr atom: 27r, = nA n=12,3,--- L, = mgev,r, = nh
K2 n? n? mek2e*\ Z2 Z?
n=——) =~ (529x 107" m)— E,=—(— —5 ~—(13.6 eV)—
" <mek62> Z ( % m) Z ( 2h? > n? ( ¢ )n2
1 1 1
— ~ (1.097 x 10" m~*)Z? - =
x ~ L0107 mTZT oy — o
Quantum atom: L=\{{+1)h Ly =mc R S, = msh
h
Atomic magnetism: fe,z = — ¢ L. Ms,z = fﬁSz,g ~ Up = € ~58x107° eV/T
2me 2me 2me
Nuclear physics and radioactive decay
A=Z+N ra (1.2 x 1071 m)A/3 Ey = md?
B
Mpucleus = ZMproton + NMneutron — | lz12nd|
AN In2 0.693
- —_\N N(t) = Noe= M = N, 2~ t/T1/2 T o= = g 7%
At (t) 0¢ 0 1/2 \ N
Constants and unit conversion
g=9.8m/s’ e=1.60x10"" C
1
€0 = 8.85 x 10712 C? /Nm? k= —=899x 10 Nm?/C? po =4m x 1077 T -m/A
TED
1
c= =3 x10% m/s h=6.626 x 1073 J-s he = 1240 eV - nm
v €00 /

1eV=160x10"117J
Mproton = 1.673 x 10727 kg = 938 MeV /c?

Melectron = 9-11 x 1073 kg = 511 keV/c?
Mueutron = 1.675 x 10727 kg = 939.5 MeV /2

SI Prefixes
Power Prefix Symbol
10° giga G
106 mega M
103 kilo k
10° — —
1073 milli m
107 micro i
10~  nano n
10712 pico p
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