Physics 111
Exam #3

March 6, 2026

Name

Please read and follow these instructions carefully:

e Read all problems carefully before attempting to solve them.

e Your work must be legible, and the organization clear.

e You must show all work, including correct vector notation.

e You will not receive full credit for correct answers without adequate explanations.

e You will not receive full credit if incorrect work or explanations are mixed in with
correct work. So, erase or cross out anything you don’t want graded.

e Make explanations complete but brief. Do not write a lot of prose.

e Include diagrams.

e Show what goes into a calculation, not just the final number. For example,
[Pl = ml¥|=(Ske) x (2%) =10

e Give standard SI units with your results unless specifically asked for a certain unit.

e Unless specifically asked to derive a result, you may start with the formulas given
on the formula sheet including equations corresponding to the fundamental
concepts.

e Qo for partial credit. If you cannot do some portion of a problem, invent a symbol

and/or value for the quantity you can’t calculate (explain that you are doing this),
and use it to do the rest of the problem.

e Each free-response part is worth 6 points.

Problem #1 /24
Problem #2 /24
Problem #3 /24
Total /72

1 affirm that I have carried out my academic endeavors with full academic honesty.




1.

A N = 2000 turn coil of copper wire is used in a Faraday’s law experiment to study
lightning. The copper wire is wound into a circle of radius 2cm. The copper wire has
cross-sectional diameter of 0.5mm when viewed edge on, which corresponds to a
cross-sectional area 7.85 X 107 m?.

a.

What is the resistance R of the coil of copper wire? Hint: some useful data on
copper: p = 1.68 X 1078Q - m, p,,, = 8960%, and M = 63.6-Z

mol’

. pL _ pN2mR  1.68 x 10780 -m x 2000 X 27 X 0.02m _ £ 10
A A 7.85 x 10~ 7m? o

The coil of copper wire is taken out into the field and set up as shown below, where
we wait for lightning to strike somewhere. A bolt of lightning strikes a distance
r = 200m from the coil of wire and the current in the lightning bolt varies from
0A when the bolt starts to form to a maximum current I,,,,,, = 3 X 10°A when the
bolt is fully established. This current varies from 0A to I,,,,, over a time At = 1us
and can be modeled as a long straight wire. What is the magnitude and direction
of the current induced in the N = 2000 turn coil of copper wire? To earn full credit,
be sure to explain how you arrived at the direction of the induced current.

As the lightning bolt builds up, the Lightningbolt o
magnetic field points out of the page by \S Coil of wire
the right-hand rule. To undo the increase
in magnetic flux through the loop, the
loop will generate a magnetic field

pointing into the page. To generate this v
field, we need a clockwise current to —
flow. r

ol
2nr

== =

R R |At] RAt

€ NAcos6 AB| _ NmrZ,; cos@

2000 x 7(0.02m)? cos 0
N 5.40-1x 10-6s

4 x 10771 x 3 x 10°A

77 % 200m = 1396.34




C.

How much energy is dissipated as heat across the coil of copper wire as the current
builds from 04 to [;,4,?

AE
P=E=IZR—>AE=PAt=12RAt

AE = (1396.34)% x 540 x 1 x 10765 = 10.5]

The energy from part ¢ gets dissipated as heat in the wire. Suppose that the melting
temperature of copper iS Tyeie,cy = 1085°C and the ambient temperature where the
coil is in the field is Tyy¢sige air = 37°C, will the coil of copper wire melt? Hint:
The heat Q that needs to be dissipated raises the temperature of the system by an
amount AT, by Q = mcAT, where m is the mass of the copper wire and ¢ = 385ﬁ

is the specific heat. Be sure to explain your answer to earn full credit.

M
p= 7 - m= pV = pNancoilA

m = 8960% x 2000 x 27 X 0.02m x 7.85 x 107"m? = 1.77kg

AE 10.5/
Q = AE = mcAT - AT = — =
mc  1.77kg X 385%

= 1.5x 1072°C

This change in temperature is milli-degrees Celsius. That will barely raise the
temperature above the ambient temperature, let alone get the wire hot enough to
melt. There may be a large current but it is transient and only lasts for 1us.



2. Gemstones are cut in such a way as to maximize th
is generated by light reflecting off of the facets (or
such facets are in the diamond gemstone shown belo

a.

Diamond has an index of refraction ng; = 2.4 a
surrounded on all sides air. What is the critical
from a diamond/air interface and is the light total!
and right facets? To answer whether light is int
determine the angles of incidence of the light on t
why or why not the light is internally reflected.

The critical angle:

Ngi 1.0
Ng sin@, = ng;,-sin90 - 6, = sin™?! ( alr) =sin™! (—) = 24.6°
ng 2.4

If the light strikes a facet at an angle greater than the critical angle the light will be
internally reflected.

Using the geometry the light strikes the left facet at an angle 55° measured with
respect to the surface. This makes the angle with respect to the normal 90° —
55% = 359, Since this is greater than the critical angle, the light will be internally
reflected from the left facet.

The light reflects off of the left facet at 35° by the law of reflection. This makes
the angle with respect to the surface 90° — 35% = 55°. The sum of the angles in
the lower triangle must add to 180°. The lower vertex angle is determined from
180° — 2(35%) = 110° from the large triangle in the diamond. This makes the
light strike the right facet at 180° — 55 — 110° = 15° measured with respect to
the surface. This makes the light strike the right facet at an angle 90° — 15° = 75°
measured with respect to the normal. Since this is greater than the critical angle,
the light will be internally reflected from the left facet.

In fact, most of the light that is incident through the upper surface of the diamond
will be internally reflected back toward the observer who would see the gemstone
sparkle.



b. Suppose that you had a diamond lens (f = 10cm) that you were using for an
experiment. A 1.0cm tall object is placed in front of the lens and the image is
formed on a screed a distance D = 100cm from the object. At what location(s)
could the lens be placed so that you could see a sharp image of the object on the
screen? You must show all of the work and steps involved to earn full credit. Using
solvers on your calculator to solve the problem will earn you some but not all of
the credit.

! + LIS + ! = d:2—-Dd,+Df =0

JE— —_ = — = — > _— =

4, 4 g, D—q, f TPt

_ D+./D2—4Df
o 2

D+ .D?—-4Df 100cm + \/(100cm)2 —4 X 100cm X 10cm

dyr = = = 88.7cm

2 2

D —./D?—-4Df 100cm — \/(100cm)2 —4 X 100cm X 10cm

dy, = = = 11.3cm

2 2



C.

Suppose that you now use two diamond lenses for an experiment. The first
diamond lens as a power P; = +13.3D and is placed a distance D = 500mm from
the second diamond lens of unknown power, P,. An object is placed 50mm to the
left of the first lens and an image of the object is seen 400mm to the right of the
second lens. What is the power and type of the second lens used in the experiment.
Be sure to justify your answer for the type.

Forlens 1:

L Ll pndy=(nman) = (1330-) = 04
= — = > di = - = . - = —Uu.
doy du f T m "

The image of the first lens becomes the object for the second lens. Since the
image distance is negative for lens 1, we have a virtual image and the object
distance is this image distance plus the separation between the lenses.

For lens 2:

1 1

1 1
2 s p = + = +4.04D
i, Td, " F 27 2T 0149m + 0.500m | 0.400m

Since the power of the lens is positive the second lens must be a converging lens.

If the image seen on a screen is 40cm tall, what was the size of the original object?

My = MMy — Mygey = MyMy =25 = 20— Mur
T 13 total 172 h, ° MM, (h) (h)
dol d02
hif 40cm

ho = din) (diz) (149mm) (400mm) = 21.8cm
(d_m) (d_oz) 50mm / \649mm




3. Ultraviolet light photons are directed at a platinum surface with work function ¢ =
5.6eV at a rate 3 X 101°s™1. Electrons are ejected from the platinum surface in a
narrow beam with a 95% efficiency and are stopped at the collector by applying a
potential difference of 10.2V across the system.

a. What was the speed of the ejected electrons from the platinum surface? Do not
assume that the ejected electron is non-relativistic and express your answer as a
fraction of the speed of light.

Ke = eVstop = (V - 1)mc

1
= |1- = 0.0063
v j (1.000019961)2 ¢

Where,

_ 102eV
(511 x 105&%)c?
c

y +1 =1.000019961

b. What was the wavelength of the light (in nm) used and what was the intensity of
the photons on the platinum surface if the ultraviolet light beam makes a circular
spot with a 0.5cm diameter?

" hc 1 hc
= — — e =
) ¢ K,+ ¢
leV
—-347. 8m
6.63 X 10 ]SX3X105X1.6X10_19]_

_ -8 _
A= 10.2¢V + 5.6eV =79 X107 m = 79nm

_ energy  NK.+¢)
" time-area Tr2

1.6 x 10719

15.-1
B 3x 10571 x (10.2eV + 5.6eV) x Tol

5= 7(0.25 x 10~2m)>2

= 386.3%
m



C.

What are the maximum values of the electric and magnetic fields in the ultraviolet
beam of light incident on the platinum surface?

28 2 X 386.3%

S =2ceoEruy = Emax = |— = m = 539.47

27 0mmax T Tma \[060 js X 1082 x 8.85 x 10-12-C2, ¢

Nm
And,
Emax  539.4%
Eax = CBrgx = Bmax = = =18x10"°T
max max max c 3 X 108%

Or calculating the maximum value of the magnetic field first,

¢= S p2 B 21oS 2 x 41 x 10771 x 386,37
= - = —
Iz e c 3 x 1087

B, = 1.8 x 107°T
And,

Epax = CBrge = 3 X 1087 x 1.8 x 107°T = 539.4%
S C

Suppose that the beam of light was instead incident on a piece of platinum foil
suspended along one edge. The beam makes a circular spot in diameter on the
platinum foil. If the density of platinum is pp, = 21450% and the dimensions of

the platinum foil are L X W X T = 10cm X 10cm X 1um, what is the magnitude
of the acceleration of the platinum foil if the beam of light were completely
reflected?

2S F ma 2SA  2x386.3% x (0.1m)?
P T AT A 7T e T 214 X 105kg x 3 X 10°2

=12x10732
S

Where the mass is determined from the density and the volume:

m kg -6 -5
p=7—>‘m=pV=21450 =X (0.Imx 0.1mx1x107°m) = 2.14 X 10~>kg

m



Physics 111 Formula Sheet

Electrostatics Magnetism
F=kLZ F=q¥xB—>F =quBsin6
F = qE; Epczkriz; Eplateze(]iA F=ILxB - F =ILBsinf
AV
E=-— Viau = wvgB
=kl = Kol
Vpc =k r B = 2nr
U = k™% = qv £=AV = -N2
W = —qAV = -AU, = AK ¢y = BAcosH
Electric Circuits - Capacitors Electric Circuits - Resistors
Q:CV; C:xeoA I:A_Q
d At
Cparallel = IiV:1 C; I =nedvy; n= %
1 1
Cseries - év:lc_i V - IR
_t L
Qcharging (t) = Qmax (1 —e T) R = %
Qdischarging (t) = Qmaxe_; Rseries = ?]:1 Ri
= — — Qmax 1 _gN 1
I(t) o Imaxe i T € Rparallel N Zi:l R;
2
T=RC P=2—-w=12r=L
, At R
Ue=1qvV =2Cvi=1%
Light as a Wave Light as a Particle/Relativity
c=f2 E=hf="%
__ Energy 2 _B2(1) _ _
S = Gocares = CEE () = c—- Kinax = hf — ¢
Banax ! h
I=Savg=%ceoE,2nax=cm M =2 =21=—(1-cos¢)
s
=; absorbed B
p= ch 1_ l+ (1 cos¢>); E, . = me?
=; reflected ErE Erest
S =S,cos? 0 Y= 1z
c
v=- p =ymv
Gincident = ereﬂected Etotal = Erest +K = ymcz
n,sin@; = n,siné, K = (y — Dmc?
11,1
P :de—0+d—i EZq = pic? + mic*
M=t M| =t

do



Nuclear Physics

N = Nye ™
m = mye
A=A
A= AN
In2

L=
Constants
g =983
le = 1.6 x 1079C

_ 1 _ 9Nm?2
k_4neo_9X1OC—2

€0 = 8.85 x 107125
leV = 1.6 x 10719]
to = 4m x 107712

Physics 110 Formulas
GMym, |
rz

= —AU, — AU, = AK

-

=ma; F;=

F

w

Uy = mgy

Us = 2ky?

K = mv?

T =17; + Uit +1dt
Up = U; +dt

vf = v} + 2a,Ar

Common Metric Units

nano (n) = 107°
micro (u) = 107°
milli (m) = 1073

c=3x10°2 centi (¢) = 1072
h=6.63 X 1073*Js = 4.14 X 10~ %eVs kilo (k) = 103
N, = 6.02 x 10%3 mega (M) = 10°
lu=1.66x 10"2kg = ne
m, = 1.67 x 107*’kg = 937.1%¢ Geometry/Algebra
m, = 1.69 x 107*"kg = 948.3% Circles: A = mr? C=2nr=m
m, = 9.11 x 103'kg = 0.5114< Spheres: A=4nr? vV =1gyd
c 1 3
Triangles: A= Ebh
Quadratics: ax?+bx+c=0-x= %j_m
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