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Print your name and section clearly above. If you do not know your section number,

write your TA® name.

Your final answer must be placed in the box provided. You must show all your work
to receive full credit. If you only provide your final answer (in the box), and do not
show your work, you will not receive very many points.

Problems will be graded on reasoning and intermediate steps as well as on the final
answer. Be sure to include units, and also the direction of vectors.

You are allowed one 8! x 110sheet of notes and no other references. The exam lasts

exactly 90 minutes.

Speed of light in vacuum:
c=3"10m/s

Permittivity of free space
" =8.85#10°*C* /N o’

Coulomb constant
k=1/4me, =9 x10°N-m*/C’

Magnitude of electron charge
e=1.6x10"C
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1) [20 points, 4 points each]. Circle the correct answer, AND write some sentences or
show a calculation explaining how you obtained the answer.

i) You throw a rock into the water. Water waves spread out from the rock at a speed of
0.5 m/s. You measure the distance between the crests to be 20 cm. As the waves
pass the bobber on your fishing line, at what frequency does the bobber move up and
down?

a) 10 Hz
b) 25 Hz
c) 0.5Hz
d) 0.1 Hz
e) 0.025 Hz

Explanation/work:

i) A glass (index of refraction = 1.6) lens has a focal length in air (index of
refraction=1.0) of 10 cm. It@ focal length in water (index of refraction = 1.33) is

a) Longer Explanation/work:
b) Shorter
c) The same

d) infinite (does not focus)

iif) Below is a half-ring of uniformly-distributed positive charge in the x-y plane. In what
direction is the electric field at the dot at (0,0,0) (dot at the center of the ring)?

a) A, along +z-axis z y
i A
b) B, in x-z plane, angled up A B
¢) C, along +x-axis — Ny
d) D, in x-z plane, angled down & C

e) none of the above

Explanation/work:




iv) White light with wavelength range 400nm-700nm shines on a CD. The track spacing
of a CD is 1500 nm. Over what angular spread do you see the first-order diffracted
color spectrum from the white light? (1 nm =10 m).

a) 5.70
b) 12.40
c) 15.50
d) 21.30
e) 27.70

Explanation/work:

v) Below is a picture of electric field lines. Which choice most accurately ranks the
magnitude of the electric field at the different points?

a) E.=E3z>E,=E4
b) Ei=E,>Es>E4
C) E,=E3z>E =E>

4 C\

d) E4:E2>E1>E3 N@\el‘
(@)

2

e) Es<Es<E;<E>

Explanation/work:




2) [20 points total] An infinitely thick piece of glass with index of refraction ngjass=1.5 is
coated with a 275 nm-thick film of refractive index ngm=1.2. It is illuminated at
perpendicular incidence with white light (! in the range 400-700nm).

a) [10 points] What wavelength/wavelengths of light reflected by this object
appears/appear bright to an observer looking down at perpendicular incidence?

Inddent eve
light

Nair=1
Niiim=1.2 i
t=275nm
Nalass=1.5

/\/

Value(s) Units

b) [10 points] Suppose you now hold the coated glass under water (Nwaer=1.33), and
look down into the water at the glass. Now what wavelength/wavelengths of
reflected light appears/appear bright? Assume that the light passes through the air-
water interface without any reflection, refraction, or phase change.

Inddent eve
light

Nair=1

N A A/

Nwater=1.33

Nfim=1.2

nnlasszl-s

/\)

Value(s) Units




3) [20 points total] A person is trying to spear a fish through a small hole in the ice.
a) [10 points] She can see the fish by sighting along her spear held at an angle of 400

with respect to the vertical. At what angle with respect to the vertical should she throw
her spear through the center of the hole in order to hit the fish?
40
| /
:_\/
l .

4

>

7/

L I_|LI |
|
t Nwater=1.33
|
l
Value Units

b) [10 points] Suppose the fish is 5 m beneath the ice, directly below the hole. The fish
starts swimming parallel to the surface, keeping a constant depth of 5 m. Using
principles of refraction, determine how far the fish must swim before the spear fisher
can no longer see the fish at any angle through the hole.

Value Units

Distance =




4) [20 points total] You use a magnifying lens to enlarge the letters on this page. The
focal length of the magnifying lens is 5 cm, and you hold it 4 cm from the page. You
position your eye lens 2 cm behind the magnifying lens.

) Magnifying Eye

lens
Page Eye

Lens

Retina

<«— 4cm —> €4 2cm P—>
1.7cm
a) [5 points]
Does the magnifying lens alone produce a real or virtual image?

How much bigger is the image than the actual letter on the page?
(Don®worry yet about viewing it with your eye)

Image type =

Magnification =

b) [5 points] You hold your eye 2 cm behind the magnifying lens, and look through the
magnifying lens at the letters on the page.

Your eye lens is able to form a sharp image of a letter on the page on your retina, which
is 1.7 cm behind your eye lens.

Is the image on your retina upright or inverted with respect to the letter on the page?
Explain using properties of lenses.

Image is: Upright

Inverted




c) [10 points] Suppose that without the magnifying lens, you view the letter by
positioning it at your near point, 20 cm from your eye lens.

How much bigger would the letter appear with the magnifying lens, using it as in the
figure for parts a) and b) ? That is, what is the ratio of the image sizes on your retina
with and without the magnifying lens?

The distance between your eye lens and retina is 1.7 cm.

Image size ratio =




5) [20 points total] This problem discusses aspects of electric dipoles.

a) [6 points] What is the direction of the net force (not the torque) on dipole B due to
dipole A in the figures below?
The distance between the cent.ers of A and B is the same in all cases.

For this part, don®make any approximations about dipoles. Explain your answer.

Hint: Think of the electric field generated by dipole A, and the individual charges that
make up dipole B.

Explanation:

(i)

Up |
Down
Left
Right :
Into page i
Out of page !
Forceis zero |

__________________

(i) o

Explanation:

Up |
Down
Left
Right
Into page |
Out of page
Force is zero

i) T ' Explanation:
Up

Down
Left
Right

Into page
Out of page
Force is zero




b) [4 points] For the dipole configurations i), ii), iii) in part &), rank the magnitude of the

torque on dipole B due to dipole A from greatest to least.

The distance between the centers of dipoles A and B is the same in all cases.
For this part, don®make any approximations about dipoles. Explain your answer.

A
B. ii) > i) >iii)
C.

D. i) >ii) >iii)
E. i) > i) =iii)
F

. i) > i) > )

. 1) = i) > i) Explanation

1) > i) = i)

c) [10 points] Suppose an electric dipole is created in a molecule by displacing 10
electrons a distance of 0.005 nm from 10 protons. Calculate the force from this
dipole on a +10" C point charge 100 nm away on the axis of the dipole (1 " C=10°C).

Note: you may want to use an approximation since 100 nm is much larger than the

separation of the plus and minus charges in the dipole.

y

+10"C

—> o

Value

Direction

Units

Force =




10

6) [20 points total] Below is an electric dipole, with +0.1"C and -0.1"C charges
separated by 1 mm (1" C = 10°C)

a) [10 points] Calculate the x and y-components of the electric field at the point
indicated below on the axis of the dipole. Do not use any approximations.

Calculate field y
here v

Value Units

Value Units

b) [10 points] Sketch graphs of Ex and Ey vs position along the vertical line indicated
below. For example, the point y=0 mm is the point at which you calculated the field

components in part a).

Ex
y —  y=+lmm
S X ® ® y=0 (Ij g
I% 1mm %le imm —> E,
— y=-1lmm
T Vy



