Physics 102 Exam 1 Spring 2015

This version is almost version A but not exactly version A. In 26 and 27 the alphabetical
positions of the correct answers are swapped in the actual version A.
Pay attention to the answers and not to the alphabets.

DISCUSSION SECTIOTr. DISCUSSION T A INdITIE.

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 1 Spring 2015

This version is almost version A but not exactly version A. In 26 and 27 the alphabetical

positions of the correct answers are swapped in the actual version A.
Pay attention to the answers and not to the alphabets.

Exam Grading Policy—
The exam is worth a total of 129 points, composed of three types of questions.

MCS5: multiple-choice-five-answer questions, each worth 6 points.
Partial credit will be granted as follows.

(@) If you mark only one answer and it is the correct answer,

you earn 6 points.

(b) If you mark two answers, one of which is the correct answer,
you earn 3 points.

(c) If you mark three answers, one of which is the correct answer,
you earn 2 points.

(d) If you mark no answers, or more than three, you earn 0 points.

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

(@) If you mark only one answer and it is the correct answer,
you earn 3 points.
(b) If you mark a wrong answer or no answers, you earn 0 points.

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

(@) If you mark only one answer and it is the correct answer,
you earn 2 points.
(b) If you mark the wrong answer or neither answer, you earn 0 points.

Some helpful information:
e A reminder about prefixes: p (pico) = 102, n (nano) = 10°°; u (micro) = 10°%;
m (milli) = 10°3; k (kilo) = 10*3; M or Meg (mega) = 10*%; G or Gig (giga) = 10*°.
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PHYS 102 Exams SP2015 Exam 1 (A)

The next two questions pertain to the situation described below.

An uncharged conducting sphere A hangs from the ceiling by a non-
conducting string. As shown in the figure below, a positively charged
conducting sphere B is brought close to the hanging sphere but does not
touch it.

induced charges, induced dipole

Q,=0 Q>0
1) What happens to the hanging sphere A?

+
@ It moves toward sphere B. +O' ®
b. It moves away from sphere B. polarized
c. It does not move. conducing
shere

2) Now the two spheres are touched briefly and then separated to the same distance as before. What
happens to the hanging sphere A?

Since the same charges "hate each other', when B touches
A, + charges spreads over A and B, charging A positively.

) &
A B

a. It does not move.
It moves away from sphere B.
c. It moves toward sphere B.

3) Consider the three molecules to the
right. Each atom has a partial

charge indicated in the figure. The +8 s +28
bond lengths and & are the same in all

three molecules. 0'0

Which of these molecules has the -6

largest electric dipole moment?
1 2 3

In 2 and 3, all the partial dipoles
canel.

@_ molecule 1

b. molecule 3
c. molecule 2
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superposition
principle

The next three questions pertain to the situation described below. F12

Consider the following configuration of three point charges
q; = 12 pC, qp = 5.9 pC, and q3 = -2.5 puC arranged in a right
triangle with sides dy3 = 0.1 mand d;3 = 3.5 m. The point

a,

charges q, and q3 are both on the x axis of the coordinate F13

system.

Draw force vectors of interest.

d;3=35
/I F31
-2.5
q,
dos E due to 2
=0.1 at3
4) Calculate the x-component F , of the force on charge q; duefo q; and g3. due to 1 at
3
a. Feex=-0.0022 N As you can see from the figure, the x component is
b. Figorx= 0.003 N contributed only from g2. The magnitude of the force
@ Fliotx= 0.0015N is ka1g2/(d12/2)
d. Fiiorx = -0.0018 N = (9 x 1079) (12 x 10%-6}) (5.9 x 10%-6})/3.5"2
€. Fliorx= 6.8 % 104N =52.01 x 10M{9- 6 - 6} =5.2 x 10"{-2} (N)

The x component is this times 0.1/3.5, i.e.

5.2 x10{-2} x 0.1/3.5 = 1.48 x 10"{-3} N.
5) If q; were replaced with a charge of the same magnitude but opposite sign, -12 uC, how would the

magnitude |F ./ of the total force on charge q; due to q; and q3 change?

a. Tt would increase. Both forces in the figure flip their directions by 180 deg,
It would remain the same. so the magnitudes cannot change.
c. It would decrease.

6) Calculate the magnitude of the electric field, E,;, at the position of charge q3 due to charge q; and

- Sketch! As you can see from the figure we compute the magnitudes and
¥sqrt{their square sum} will give the answer.

|E1 at 3| = kQ1/d1372 = (9 x 10"9) (12 x 107{-6})/(3.5"2)
b. Eqo = 9100 kV/m = 8.816 x 1073} V/m
c. Egor= 7200 kV/m |E2 at 3| = kQ2/d2372 = (9 x 10"9) (5.9 x 10%-6})/(0.1/2)
Eqor = 5300 kV/m =53.1 x 109 - 6 + 2} = 5.31 x 106}
e. Bype= 1.1 x 104 kV/m This implies that E2 dominates the scene.

a. Byt = 0kV/m
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7) Consider the following arrangement of three

charges on the coordinate axes. All of the
charges are positive and have the same magnitude,
re., Q) = Qp = Q3 = +q. Note that the grid

superposition
principle
Qz s +q

spacing is the same in X and y. o

Where should you place a fourth charge Q4 = +q
such that the total force on Q3 is zero, 1.e.
F30t = 0?

Sketch the forces

To prod uceﬁ}

with a + charge, it must be at X

on the y axis below Qj.

b. on the y axis above Q3 but below the origin.
c. on the x axis, to the left of Q.

d. on the x axis, to the right of Q.

e. at the origin.

° X

This-is'what-you-need to make
the force due tol, 2 and 4
cancel.

Q3=+q

F31

total force
4

X

8) A molecule with an electric dipole moment is placed a distance D = 9.9 nm from an ion of charge
Q = -e and is oriented as shown in the following figure. The molecule has a bond length d = 0.1

nm and partial charges J = +0.3e.

+§ -6 sketch the force

©©

D

Q=-e

d—>i<

Calculate the magnitude of the total force on the dipole due to the ion.

Ftot —14x 104N Force on -: k e ¥delta/D"2 = -(9x1079) 0.3 (1.6 x 10M{-19})"2/(9.9 x 10M-9})"2

_ -15
b. Fiop=9.3x 107" N Force on +:k e ¥delta/(D=d)"2

= -0.0705 x 1079 - 38 +18} = 0.0705 x107{-11}

c. Fiop=4x 109N = (9x1079) 0.3 (1.6 X 10°{-19})"2/(10 x 10°{-9})"2
d. Fioe=4.5x 10714 N = 0.0691 x 10/{-11}
e. Fyo = 3.1x 10-14N  The total force =-0.00138 x 10/-11} = -1.4 X 10"-14} N

. Fior = 3.
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9) A molecule consists of three atoms arranged at an angle § = 120° as shown in the figure below.
The atoms have partial charges, with 0 = +0.1e and the same bond length d = 1.9 x 10710 m,

Magnitudes of the three arrows in the figure are the same.
¥deltax d = 0.1 (1.6 x 10{-19}) x (1.9 x 10{-10})
=3.04 x 10M{-1- 19 - 10} = 3.04 x 10°{-30}

Determine the net electric dipole moment p of the molecule.

<l 3% 1039 C'm

T p=2x%x1030Cm
.p=0Cm
. p=6.6x103%Cm
. p=9.6x103%Cm

Sy

o Qoo

10) Consider a point charge of mass m= 19 g and charge q = -6.2 nC suspended from the ceiling by a

massless and non-conducting string of length 1 = 7 cm. When another point charge of magnitude
Q = 8 nC approaches, the hanging charge swings and comes to rest at an angle of § = 20°, as shown
in the figure. Assume that the point charge q comes to rest at the same height as the point charge Q.

sketch the forces

k gQ/d"2

The force balance implies
mg tan ¥theta = k |qQ|/d"2
Therefore,
d"2 = k|gQ|/mg tan ¥theta
= (9 x 10"9) (8 x 10{-9}) (6.2 x 10°{-9})/(0.019 x 9.8) tan(20)
What must b\?/the separation d between the charges? = 6587 x 10"{-9} = 6.587 x 10"{-6}.
Thatis: d = 2.567 x 10{-3} m

a. d= 0.87 mm
®d=2.6mm
c. d= 4.4 mm
d. d=1.3mm
e. d= 9.6 mm
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The next two questions pertain to the situation described below.

The following figure describes a uniform electric field E whose magnitude is E. The dashed lines
denote planes perpendicular to the field.

11) What is the electric potential difference AV= Vg - V4 between points B and A in the figure?

a.
b.
C.
@
c.

Notice that A and B have the same electric potential.

21‘; z a/iEL Therefore, we have only to consider VC - VA= -EL.
AV = —/2EL Clearly recognize VA > VC, because E points downhill.
AV = —-EL

AV =EL

12) A charge Q is placed initially at B. You drag the charge to point C. What is the work you must

do?
Since VA = VB, the work needed is zero.
@HO)W=0
b. W=-EL
c. W=EL
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13) What work W do you have to supply to drag charge Q from point A along the curve C back to the
same point A in the uniform electric field E ?

No work!
a. <0
Cb)W=0
C. >0

/—Het ussayitis Q. |

14) Which of the following arrangements of equal positive charges has the highest potential energy?

Superposition principle

A B C

d2 _ df2
d d d |~
d e

VA = kQ"2(1/d + 1/d + 1/d) = 3kQ"2/d.
VB = kQ2(1/d + 1/d + 1/¥sqrt{2}d) < VA

a. B
@ C VC = kQ"2(2/d + 2/d + 1/d) = 5kQ"2/d > VA
c. A That is,

VB <VA<VC

Without calculation you should have recognized this. Page 6 of 11
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The next two questions pertain to the situation described below.

On the y axis are two charges Q; = 1 uC and Q, = 3 nuC separated by a distance L = 0.4 m. Now the
charge q = 4 uC is brought to the position A from infinity. (Assume there are no other charges.)

U = kQQ'/d
‘ Superposition principle
q
L
| 5o
Ay N

0 1 L

15) What is the required work by you to bring the charge q to A from infinity?
The initial potential when q is at infinity = 0
a W= 0447 When g is at A, its potential energy is

W= 0177 Uafter = kq[Q1/2L + Q2/¥sqrt{5}L]
c. W=0.151] = (9x1079) (4x10™M-6})[(1x10™-6}/0.8 + (3x10"{-6}/(¥sqrt{5}x0.4)]
d W=022]J = (9x1079) (4x107{-6}) (4.64 x107{-6}) = 167 x 10°{9-6-6}
e. W=10.65J = 167 x107-3} = 0.167 J

This increase of U is due to your work.
16) Suppose the work needed by you to bring q from A to B is W. If we double both the charges Q;
and Q, the needed work will become

The work scales with Q, so it will be doubled.

a. W/2
)2 W (g is NOT scaled.)
c. 4 W
17) The arrows to the right indicate the electric field emanating
from the charge q. No other charges are present. Point B is in /
the middle between Point A and Point C. We know Point A has 20 V 20V
an electric potential of 40 V and Point C has an electric potential @ —
of 20 V. What statement about the electric potential Vg at Point B 4 8 C
1s correct?
U ¥propto 1/r, so the potential decrease from A to B must be
Vy< 30V larger than that from B_to C, so VB must be smaller than the
B average (VA +VC)/2=30V
b. V=30V O[{BOV is here. |
C. VB >30V
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18) Two charges Q and Q, are placed on the x-axis with no other charges around. The charge Q1 is
glued to the origin and has a charge of q= 3.9 (L. The other charge Q, is firmly glued to the x-

axis atx =5m A small positive test charge Qr is brought into the position as shown in the figure and

gently released. The test particle does not start to move along the x-axis. What is the value of Q,?

Sm /\F onTduetol Superposition
)D ~ principle

FT:}
le q @ < FT2,Q 4 ® sz ? Sketch the forces.
30 R~ 7
3m
2m
|[FT1| = kQ1QT/2"2
3. Q=98 (L IFT2| = kQ2QT/9
b. Q=24 (L They agree: so Q1/4 = Q2/9 or Q2 =9Q1/4 =8.775 ¥muC
C Q2 =17 1L
d Q=58 1L
@Qz =88 L

19) A charge of +q| is placed at the point
(3, 3) and a charge of -|q] is placed at the
point (-3, -3). There are no other charges. A
Which of the following points has a potential _|_|q| at

of OV?
(3.3)
Look at the figure in the right lower corner.
This tells V= 0 equipotential surface bisect the
segment connecting + and - charges. » X
That is, any point on the line
y = -X
satisfies 0 V,

-|q] at
(-3: -3)

4, -
3
4

C
d
e

eegh

AAAAA

I
I

—
~—
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The next three questions pertain to the situation described below.

Four identical negative point charges, each with 2L

charge -Q, are placed at the corners of a square as . . Ql
shown below. The edge length of the square is 2L.

Superposition principle

all the arrgws have the

| same length
Sketch the fields. or > /7 Y

2L

20) What is the magnitude of the electric field E at the center of the square?

a. E=—-2v2k|Q|/L

b. E=22k|Q|/L*
E=0

d E=—2v2K|Q|/L?

e. E=22k|Q|/L

21) What is the absolute value of the electric potential at the center of the square?

@ V= 2\/§k\Q]/L Every charge contributes the same amount:
b. V =8k|Q|/L k|QI¥sart{Z}L
c. V=EQ|/L Therefore,
d. V =4kQ|/L? V = 4 x k|Q}¥sqrt{2)L = 2¥sqrt{2}k|Q|/L
e. V=0

22) Now we move the charge Q; at the upper right corner of the square to somewhere infinitely far

away while keeping the other charges fixed in place. Which of the following statements about the
work done by you on the charge Q; is true?

a. The work you need to do to move the charge is infinitely large.
b. The work you need to do to move the charge from the corner of the square to infinity depends
on the path we take. _ , All the charges are negative, so Q1
The work you need to do to move the charge is negative. is repelled, so you need negative
d. The work you need to do to move the charge is zero. ’
e. The work you need to do to move the charge is positive. work to move Q1.
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The next three questions pertain to the situation described below.

On a plane there are many point charges. In the following figure eight (8) charges, A, B, C, D, E, F,
G, H, and I are depicted with field lines on the plane. The charge A is known to be negative.

23) Choose the correct statement from the following three statements.

a. B, C, and E are negatively charged.
b. D, E, and F are positively charged.

( c f and G are negatively charged.

24) The electric field vanishes at a point very close to

G
b.
C.

oo o

25) Suppose the charge I is allowed to move, but the rest are all fixed. In which direction does charge
I start to move?

a. Roughly in the E direction.
b. Roughly in the W direction.
c. Roughly in the S direction.

oughly in the N direction.
e. None of N, S, W, E.
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The next two questions pertain to the situation described below.

A positive charge Q; = 6 uC is located at position (x, y) = (3 cm, 3 cm) and a negative charge
Q, = -2 uCis located at position (x, y) = (-3 cm, -3 cm).

Y
HQ | at
(3cm, 3cm)
C{ =7 > X S
/ Superposition principle
8

-0 at

(-3cm, -3cm)

26) What is the potential at the origin of the coordinate system (x, y) = (0, 0) due to these two
charges? No other charges are present.

a. V=340kVv V =k(Q1/d + Q2/d) = (Q1 + Q2)/d
b. V=1700kV = (9 x 10"9) (4 x 107{-6})/(¥sqrt{18} x 10°{-2})
. V=420kV =8.48 X 10M9 - 6 + 2} = 8.48 x 10"5 V

V'=850kV NOTE THAT THIS WAS LISTED AS ANSWER b IN THE PRINTED EXAM
e. V=2100kV

27) How much work (absolute value) was done by you to assemble the charge configuration as shown above?

a. W=052J V =k Q1 Q2/(2d)
W=13JLISTED ASe = (9 x 10"9) (6 x 10"{-6}) (-2 x 10™{-6})/(¥sqrt{72}x10{-2})
c. w=32J =-12.727x10M9-6-6 +2} =-1.27 J
d W=065J
e. W=26J
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Physic 102 formula sheet (SP2015)

Kinematics and mechanics

1
x:x0+vot+§at2 v = v + at 1)2:1)(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=— Uy = k22 V== Wi = —AU = —Wyou
r do do
Point charge FE = k% V= kg
T r
Electric dipole p=qd Tdip = pE'sin6 Ugip = —pE cosf
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’%0 E = i V =FEd
%4 d EoA
1 1 1Q? 1 1 1
Uo=-QV=_-CV?=_2_ Cp=C1+Cy+--- — = — -
c=39V =3 2°C p=Citlat G oo’
Circuits
DAV =0 Dt =D o
q(t) = g (1 —e7t/7) q(t) = qoe ™ I(t) = Ipe /7 T=RC
Magnetism
F =quBsinf r= % Fyire = ILBsinf Tloop = NIABsin ¢
Magentic dipole: w=NIA Tdip = #Bsing Ugip = —uBcosy
pol
Byire = - Bgo1 = pont
r

Electromagnetic induction

AD
EZ_NE ® =BAcosyp
|€bar] = BLv Egen = Emax sinwt = wNABsinwt 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 U= E? _~ B2  —¢,F% — Ims S=171=7c=—
Ug 260 up 2110 u 260 rms T+ 20 rms — €0Lrms 110 uc A

1
fo="1. +Urel/6%f€ (1+Ure1> IZI()COS2(9
v 1 —vpe/c ¢



Reflection and refraction

1 1 1 R h; d
0, = 06; — _— = = = +— o _
P 0 o d T f=%3 " e T do
0 d
n1 sin 07 = ng sin Oy V= € sinf, = 2 Z pg Rcar
n ny 0 f
. . o Ltube o dnear -
Compound microscope: Mol = Meye Mot = Meyemob;
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: asinf ~ 1.22X
Quantum mechanics
hc h h h
E=hf=— A=— Ap, Az > — h=——
=3 P Po2t =5 o
Bohr atom: 27r, = nA n=12,3,--- L, = mgev,r, = nh
K2 n? n? mek?e*\ Z2 Z?
n=—— )= ~(529x 107" m)— E,=—|— = ~ —(13.6 eV) =
" <m6k62> Z ( X m) Z ( 2h? > n? ( ¢ )n2
1 1 1
—~(1.097x 10" m Y 2% | = — =
x ~ L0107 mTZT oy — o
Quantum atom: L=\/{{+1)h Lz =m..h S, = msh
h
Atomic magnetism: fe,z = 72; L. fez = f%Sz,g ~ 1B = Qin ~58x107° eV/T
Nuclear physics and radioactive decay
A=Z+N ra (1.2 x 1071 m)A/3 Ey = md?
B
Mpucleus = ZMproton + NMneutron — | l;;ndl
AN In2 0.693
7:)\]\[ Nt = N, _)\t:NQ_t/Tl/2 T - ~ —
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 =41 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"7J
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
10~ micro i
10~  nano n
10712 pico p
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