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I. Lecture Multiple Choice [60 pts]. Choose only one answer for each question, circle your answer in this
booklet, and fill it out on your bubble sheet.

1. [5 pts] Two speakers generating an identical signal of frequency 170 Hz are ®
separated by a distance of 4.0 m. You are standing exactly midway between ")) w (("
them. The combined sound you hear from them is loud (a maximum). You
move a distance x toward one speaker (and away from the other), and the 4.0m
sound becomes quiet. What is the smallest distance x that would achieve
that? Assume the speed of sound at that location to be 340 m/s.

A. 40m
B. 20m
C. 1.0m
D. 0.50 m
E. 0.25m

2. [5 pts] Just before an orchestra performance, the oboe plays the note A (440 Hz). Our violist plays what
they think should be the note A, and hears beats at a frequency of about 2 Hz. This means the viola is out
of tune. What frequency is the viola actually playing?

A. 438 Hz
B. 440 Hz
C. 442 Hz
D. 880 Hz
E. Both A & C could be correct

3. [5 pts] A diffraction grating has 710 lines per millimeter. Monochromatic light of wavelength 506 nm is
incident normally on the grating. The largest angle away from the central maximum at which a bright
fringe on the screen is observed is 46°. How many bright fringes in total are observed?

A 4

5
6
D. 7
E. 9

4. [5 pts] A student conducts a Young double-slit experiment using a selection of monochromatic lights of
various wavelengths A and masks with double slits of various separation d. The student’s task is to
maximize the bright fringe separation Ay formed on a screen. The distance of the screen from the mask L
is kept fixed. Which of the following combinations would achieve the student’s goal?

A. The smallest A and smallest d

B. The largest d and largest A.

C. The largest d and smallest A.
D. The largest A and smallest d.
E. Ay cannot be changed, since the screen distance L is fixed.
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5. [5 pts] The student in the previous question is now given a light source of an unknown wavelength and
asked to use a double-slit setup that has a slit separation of 3.0 X 10~°m to find that wavelength. The
student measures the angle to the third-order bright fringe from the central maximum and finds it to
be 3.4°. What is the unknown wavelength?

A. 590 nm
B. 430 nm
C. 470 nm
D. 650 nm
E. 710 nm 1 2

Use the following situation to answer the next two questions:

A solar cell made of silicon (ng; = 3.50) is coated with a thin layer a transparent
silicon oxide Si0; (nsjo, = 1.45) meant to minimize energy loss through Nsio,
reflection and thereby maximize transmission to the silicon underneath.

Air

Ns;
6. [5 pts] The figure at right shows part of the solar cell with the silicon oxide
coating. A ray is incident normally (shown incident at angle for illustration).
Part of the ray reflects back into air (1) and part transmits and reflects off of the SiO,- Si interface (2).
Which of the following is true of the two reflected rays?

A. Only ray 1 undergoes inversion.
B. Only ray 2 undergoes inversion.
C. Both rays undergo inversion.

D. Neither ray undergoes inversion.

7. [5 pts] If the incident light has a wavelength of 550 nm, what is the smallest thickness of the SiO, coating
that would minimize reflection?

A. 190 nm
B. 95nm
C. 39nm
D. 78 nm
E. 140 nm
8. [5 pts] Red laser light (A = 650 nm) is sent through a single vertical slit of width 650 um and projected
onto a wall 10 meters away. Which of the following accurately describes what you see?
[Hint, 1 yum = 1 X 107° m]
A. The light is spread horizontally with evenly spaced dark fringes every 1 cm
B. The light is spread horizontally with the central bright spot flanked by dark fringes 2 cm apart,
with subsequent dark fringes 1 cm apart
C. The light is spread vertically with evenly spaced dark fringes every 1 cm
D. The light is spread vertically with evenly spaced dark fringes every 1.5 cm
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9. [5 pts] You have a small telescope with a lens 10 cm in diameter and a tube length of 100 cm. When
looking at a star, what do you see? [Assume a wavelength of 500 nm, which is nominally green at the
center of the visible spectrum]

A.
B.
C.
D.

A perfect point because stars are so far away
Concentric circles with the central dot 1 micro rad in diameter
Concentric circles with the central dot 12 micro rad in diameter

A single circle with an angular diameter of 0.1 radians

10. [5 pts] Two sources of light, S; and S, are next to a mirror M. An observer is
located at point O. The image at right shows a top view of scene. When looking
at the mirror, what can the observer see?

A.

S; only.

B. S, only.

MY O

For the next two problems we consider a beam of light
entering a glass prism (n = 1.5) as shown by the solid line
in the diagram at right. The beam enters the first glass face
at normal incidence. The dashed lines A-D show possible

exit paths.

11. [5 pts] If the prism is in air (n = 1), what path does the
light take?

A.

12. [5 pts] If the prism is now fully immersed in water
(n = 1.33), what path does the light take?

B
C.
D

Cawy»

Both §; and S,.
Neither S; nor S,.

Information provided is not enough to answer.
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II. Lecture Free Response [20 pts] Show your work for full credit.
For questions 13 & 14 an object is placed at 1.5 times the focal length of a concave mirror with focal length
of 1 meter.

13. [5 pts] Carefully draw a ray diagram with at least 3 principal rays, and indicate the position and
orientation of the resulting image. [Hint: as we are using a thin-mirror approximation draw your
reflections at the position of the dashed vertical line for higher accuracy. |

A M .

14. [5 pts] Mathematically determine the position and magnification of the image. In words describe whether
the image is real/virtual and upright/inverted, and connect that to the calculated values. [Hint: be careful
with signs.]
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15. [5 pts] We are going to use the same mirror with a focal length of 1 meter, but this time we want to move
the object so that the image is upright and magnified by 2. Calculate the position of both the object and
the image, and describe whether the image is real or virtual.

16. [5 pts] On the diagram below place and label the image and object from your answer to 15, and draw at
least three principal rays.

f S
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III. Tutorial Free-Response [20 pts]. Explain your reasoning where stated to get full credit.
Two in-phase sources produce waves in a ripple tank with the
same frequency. At the instant shown at right, the solid lines
represent crests and the dashed ones represents troughs.

17. [4 pts] Is the displacement of the water surface at point P zero
(i.e., at its equilibrium level) or greatest above equilibrium or
greatest below equilibrium? No explanation needed.

18. [6 pts] If the frequency of the two sources is doubled, how does
your answer to the previous question change? Explain briefly.

A small bulb and a long-filament bulb are placed in front of a mask with a “7”” shaped hole.
19. [5 pts] On the diagram, sketch what you would see

on the screen when the bulbs are lit. (Assume the

room is dark before the bulbs are turned on). Briefly

explain the reasoning you used to answer.

Screen
Mask
Small bulb and
Long-filament bulb
Screen with doubled hole

20. [5 pts] Suppose the size of the hole in the mask were doubled, but the
overall shape was not changed. How, if at all, would this change what you
would see on the screen? Sketch your answer in the space at right, and
briefly explain your reasoning.
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Constants
Free-fall acceleration
Newton
Speed of light

Mathematics
Components of a 2D vector A

Magnitude and direction of A
relative to x-axis

Volume & surface area of a
sphere

Equations from 114 and 115

Kinematics (const. accel. a)

Newton’s Laws

Weight

Work due to a constant force
Conservation of energy
Power

Kinetic energy
Elastic potential energy

Gravitational potential energy
Momentum

Torque

Pressure

Hooke’s Law

g =9.80m/s?
1N = 1kgm/s?
c =3.00 x 108m/s

Ay =Acosf, A, =Asinf

A= \mm +4%, 6 =tan"'(4,/A,)

4
V= wa:w. A = 4nr?

(s = (V)i + axt
xe = x; + (V)it + wmﬁw
Aﬁwi = T\wi + 2a,Ax
YF=md, Fyp=—Fy
w =mg
W =F,d = Fdcos@
AE =W
AE W

p=—="_F
At ¢ Y

T=rFsing
_F
P=2a

(Fering),, = —kx

Waves and Sound
Speed of sinusoidal waves
Speed of a wave on a string

Linear mass density

v=Af

Ustring = Ts/u
u=m/L

Standing waves and Interference

On a string

Open-open or
closed-closed pipe

Open-closed pipe

Path length difference
(constructive)

Path length difference
(destructive)

Beat frequency
Oscillation frequency

Wave optics
Index of refraction

Wavelength in material

Double-slit interference:
Small angle approximation
Double-slit/diffraction
grating:

Bright fringe

Dark fringe

A Y =123
§|M|M\ m= 1)
v
\SHQ\:MVH*B\H
2 _h 2 =123
Slglﬂ_ m= 169
_ (Y _
\SlsAA&vlg\M
PR =135
Slgls\ m= 9,
Ad = mA

1
EH?JY
foeat = _\H I\N_

1
fosc = MCNH +\Nv

sin(0) =~ 6

dsinfd,, =mA m=20,12,..
dsin@,, = AS +wv\~ m=20,12,..
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Position of bright fringe
(2-slit for small angle)
Position of dark fringe
(2-slit for small angle)
Spacing between adjacent
bright fringes
(2-slit, small angle)
Position of bright fringes
(2-slit & grating)

Index of refraction

Wavelength in material with
refractive indexn
Thin film phase shift due to
reflection:
Number of phase changes:
Constructive:

Destructive:

Single-slit diffraction
Dark fringes
Small angle approx.
Position of dark fringe

Central maximum width

Circular aperture
Central maximum
diameter
First dark fringe

mAL
Yn =
1\ AL
Ym = ? JVM
A Iﬁ.
Y=
Vm = Ltan @,
c
n=-—
H
NEmﬁH MWn
None or 2 One
2t =m? NﬁnA§+mv
n 2
NﬁnA§+mvm 2t =m2
2)n n
asin 6, = pi p=123,..
0, = pl/a
pAL
e
2L A
w=——  for—<«1
a a
_ 2.442L
Y=
0 — 1.224
)
1.22AL
V1= D

4
n

Geometrical (Ray) optics

Law of reflection 0, =6
Image by plane
mirror
Image distance s=¢s'
Image height h=nhn
Snell’s law ny sinf@; = n, sin 6,
Critical angle 6. = sin! A3|NV_ ny > 1,
nq
Image by refraction ¢ = WM
ny
Magnification of lens s" R
or mirror §HIMHN
Thin lenses & curved
mirrors:
Thin-lens equation 1 4 11
s s f
Sign conventions:
Object s > 0 always
Image s’ > 0, for real image
s’ < 0, for virtual image
Focal length f > 0, convex lens or concave mirror
f < 0, concave lens or convex mirror
Magnification m > 0 for upright image

Focal Length of mirrors

i 1
Convex mirror f=- Mm
i 1
Concave mirror f= Mm
Refractive Power b= 1
f

Combined Power
Combined
magnification

Piotal = P1 + P,
Myiota] = MMy
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	1. (5 points) Three small positively charged conducting spheres hang from strings far enough apart from each other that they do not exert strong forces on each other, as shown in Case A. In Case B, two much larger spherical shells, with much more net ...
	A. The electric field is zero at the midpoint between the shells, and both shells are positively charged.
	B. The electric field is zero at the midpoint between the shells, and both shells are negatively charged.
	C. The electric field is zero at the midpoint between the shells, and the shells are oppositely charged.
	D. The electric field points to the right at the midpoint between the shells, and the shells are oppositely charged
	E. The electric field points to the left at the midpoint between the shells, and both shells are positively charged.

	2. (5 points) Two small conducting spheres, A and C, are fixed in place along a line and charge B is free to move. Charge C is a distance ,𝑑-𝑜. from charge B, and charge A is ,𝑑-𝑜./2 from B. Both A and C are positively charged and B is negatively ...
	A. ,𝑞-𝐴.> |,𝑞-𝐵.| and ,𝑞-𝐶.>,𝑞-𝐴.
	B. ,𝑞-𝐶.> |,𝑞-𝐵.| and ,𝑞-𝐶.>,𝑞-𝐴.
	C. ,𝑞-𝐴.> |,𝑞-𝐵.| and ,𝑞-𝐴.>,𝑞-𝐶.
	D. |,𝑞-𝐵.| could have any value and ,𝑞-𝐶.>,𝑞-𝐴.
	E. |,𝑞-𝐵.| could have any value and ,𝑞-𝐴.>,𝑞-𝐶.

	3. (5 points) A positive charge is in a uniform electric field, and the charge experiences a net force to the right. Assuming there are no other forces acting, which one of the following statements could be TRUE?
	A. The electric field is to the right and the charge is moving at a constant velocity.
	B. The electric field is to the left and the charge is slowing down.
	C. The electric field is to the right and the charge is speeding up.
	D. The electric field is to the left and the charge is speeding up.
	E. The electric field is uniform, so the charge is moving at a constant velocity.

	4. (5 points) The electric flux through the surface shown is 25 N ,m-2./C, and the surface area of the rectangle is 0.40 ,m-2.. Which of the following is closest to the magnitude of the electric field, ,𝐸.?
	A. 540 N/C
	B. 72 N/C
	C. 130 N/C
	D. 630 N/C
	E. 36 N/C

	5. (5 points) A rectangular surface area, represented by the perpendicular vector 𝐴,𝑛., is positioned in a constant electric field, ,,𝐸.-𝑜.. Which one of the following choices represents a possible combination of the quantities associated with the...
	A. ,,𝐸.-𝑜.=−10 N/C ,𝑖.,   𝐴,𝑛.=+5 ,m-2. ,𝑗.,  Φ=−50 ,m-2.N/C
	B. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=−2 ,m-2. ,𝑖.,  Φ=−20 ,m-2.N/C
	C. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+4 ,m-2. ,𝑗.,  Φ=−20 ,m-2.N/C
	D. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=−25 ,m-2.N/C
	E. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=+50 ,m-2.N/C

	6. (5 points) Which of the following graphs best represents the magnitude of the electric field as a function of 𝑟, measured radially outward from the surface of a very long wire of length 𝐿 of charge density 𝜆? Assume 𝑟 much less than 𝐿.
	7. (5 points) Two identical polar molecules are placed in a region that has a uniform electric field. At one instant they have the orientations shown. Molecule A is experiencing no torque and molecule B is experiencing a counterclockwise torque. Which...
	8. (5 points) In each case shown at right, a particle of charge +𝑞 is placed a distance 𝑑 from a particle of charge +4𝑞. The masses of the particles, A, C, and D are all 3𝑚, the mass of particle B is 𝑚 as labeled in the diagram. The particles are...
	A. A
	B. B
	C. C
	D. D
	E. The magnitude of the acceleration for all particles will be the same.

	9. (5 pts) A thin ring of radius 𝑅 carries a uniformly distributed charge 𝑞. The ring lays on the 𝑥𝑦-plane with its center at the origin. What is the magnitude of the electric field at point P on the 𝑧-axis, a distance 𝐿 away from the origin?
	10. (5 pts) In Lab A2, a group places two charges 0.50 m apart and measures the force on one of the charges.  They repeat the experiment three times and tabulate their data as shown. Which of the values below correctly reports the best estimate and th...
	A. ,3.55±0.1. N
	B. ,3.55±0.11. N
	C. ,3.6±0.1. N
	D. ,3.6±0.2. N
	E. More than one of these choices correctly reports the best estimate and its uncertainty.

	11. (5 pts) A student has formed the graph of quantity Q versus the square of quantity M (M2). They have also drawn the best-fit line on the graph. Which of the following is true?
	A. Quantity Q is proportional to quantity M.
	B. Quantity Q is proportional to quantity M 2.
	C. Quantity Q is linearly related to quantity M.
	D. Quantity Q is linearly related to quantity M 2.

	12. (5 pts) The diagram at right is a screenshot from the Lab A1 simulation. Both the rod and the conductor have excess charge. Based on the information given in the image, which of the following statements do you agree with?
	A. Statements I and III
	B. Statements I and IV
	C. Statements II and III
	D. Statements II and IV

	13. [6 pts] What is the surface charge density, ,𝜆-𝑖𝑛𝑛𝑒𝑟., on the inner surface of the conducting shell (at 𝑟=𝑎 from the axis)? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑖𝑛𝑛𝑒𝑟. is zero...
	14. [5 pts] What is the surface charge density, ,𝜆-𝑜𝑢𝑡𝑒𝑟.,  on the outer surface of the large conducting shell? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑜𝑢𝑡𝑒𝑟. is zero. Explain your rea...
	15. [3 pts] A cross section of the setup is shown at right. On the diagram, sketch the direction of the electric field at point P. If the electric field is zero, state so explicitly. No explanation required.
	16. [5 pts] Which of the following Gaussian surfaces would allow you to determine the electric field strength at point P? Explain your reasoning for your choice.
	17. [6 pts] Use the Gaussian surface you chose in the previous question to write an expression for the electric field at point P in terms of the variables given and any constants. If you choose to use any additional variables, be sure to define them. ...
	18. (5 pts) Two positively charged balls are placed a distance 𝑥 apart as shown. The magnitude of the charge on ball 1 is larger than the magnitude of the charge on ball 2. The balls are observed to repel.
	19. (5 pts) Ball 2 is replaced by a rod. The rod has the same positive charge that ball 2 had (in the previous section) and is placed the same distance 𝑥 from ball 1 as shown. The charge on the rod is uniformly distributed along its length.
	20. (5 pts) A thin, semicircular rod has a total charge +Q uniformly distributed along it. A positive point charge +q and a negative point charge –Q are placed as shown. (The +q charge is equidistant from –Q and from all points on the rod.)
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	D. Statements II and IV

	13. [6 pts] What is the surface charge density, ,𝜆-𝑖𝑛𝑛𝑒𝑟., on the inner surface of the conducting shell (at 𝑟=𝑎 from the axis)? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑖𝑛𝑛𝑒𝑟. is zero...
	14. [5 pts] What is the surface charge density, ,𝜆-𝑜𝑢𝑡𝑒𝑟.,  on the outer surface of the large conducting shell? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑜𝑢𝑡𝑒𝑟. is zero. Explain your rea...
	15. [3 pts] A cross section of the setup is shown at right. On the diagram, sketch the direction of the electric field at point P. If the electric field is zero, state so explicitly. No explanation required.
	16. [5 pts] Which of the following Gaussian surfaces would allow you to determine the electric field strength at point P? Explain your reasoning for your choice.
	17. [6 pts] Use the Gaussian surface you chose in the previous question to write an expression for the electric field at point P in terms of the variables given and any constants. If you choose to use any additional variables, be sure to define them. ...
	18. (5 pts) Two positively charged balls are placed a distance 𝑥 apart as shown. The magnitude of the charge on ball 1 is larger than the magnitude of the charge on ball 2. The balls are observed to repel.
	19. (5 pts) Ball 2 is replaced by a rod. The rod has the same positive charge that ball 2 had (in the previous section) and is placed the same distance 𝑥 from ball 1 as shown. The charge on the rod is uniformly distributed along its length.
	20. (5 pts) A thin, semicircular rod has a total charge +Q uniformly distributed along it. A positive point charge +q and a negative point charge –Q are placed as shown. (The +q charge is equidistant from –Q and from all points on the rod.)
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