Physics 111
Exam #1

November 5, 2021

Name

Please read and follow these instructions carefully:

Read all problems carefully before attempting to solve them.

Your work must be legible, and the organization clear.

You must show all work, including correct vector notation.

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

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

Include diagrams.

Show what goes into a calculation, not just the final number. For example,

[Pl = m¥| = (Skg) x (22) =102

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

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.

Go 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.

Each multiple-choice question is worth 3 points and each free-response part is
worth 7 points.

Problem #1 124
Problem #2 124
Problem #3 124

Total [72

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




1. A mass spectrometer uses upper detector
magnetic fields to separate and e

determine atomic masses. . X % % . X X X
Consider the mass-spectrometer
shown on the right. Singly X " % " X . . .

ionized charges (q = +e) are ;
accelerated from rest througha | " < %
potential difference AV = =V,
(not shown in the diagram). " " - .
These charges then pass through
a set of crossed electric and
magnetic fields (Region I) and

‘

then finally into a region of X X X X
.
4

magnetic field only (Region 1)
where they bend in the presence
of the magnetic field and strike
one of the two detectors.

Region II

””””””””” Region]
lower detector

a. The region of crossed electric and magnetic fields is used to select out ions with a
particular speed. To do this we require the charge to pass through region |
undeflected, meaning that it neither rises nor falls. If the electric field in region | has
a magnitude £ = 9.1 X 108%, what is the direction of the electric field needed for the
charges to go undeflected and what is the speed of the charges through region 1?
Assume that the magnetic field everywhere has a magnitude 23T.

Assuming up is the positive y-direction we have that Fyz points up the page, so to have
the charge go undeflected through region I, Fz has to point down the page and thus
the direction of the electric field must be from the upper plate to the lower plate or
down the page. We have:

E 9.1x10%. m
FB—FE=may=0—>evB—eE=0—>v=§=T=4x10?

Since q is positive, the electric field and electric force on g point in the same
direction. The electric field points down the plane of the page between the two
plates.



b. What is the mass of the ion (in atomic mass units) that passes through region I into
region Il and which detector does the ion strike (upper or lower)? Assume that the
distance from where the ion enters region Il to where it strikes a detector is D =
0.84m.

2

mv
Fg = evB = ma, = R
eRB 1.6 X 1071°C x 0'824’" x 23T
ST 4% 107"
lamu
m = 3.864 x 107%%kg x = 23.4amu

1.66 x 10~27kg
By the right-had-rule, the charge strikes the upper detector.

c. Through what magnitude of potential difference V.. were the charges accelerated?

mc?
W = —qAV = eVpee = (y — D)mc? > ¥, _(V—l)—

\
=)

I/CLCC -

)

V;lcc - | ! I
4x107™
-

d. Inregion Il the charges bend in the magnetic field. The time of flight of the charge is
given by which of the following?

—
—_
wl

=196 MV

\ MeV
c2 2
| ( ) ) amu) ¢
e

1L T=2
2. T=22
B)r==
4. T="".

5. None of the above give the time-of-flight of the charge in the magnetic field.



2. Suppose that a beam of green light (A = 545nm) in air is incident at an angle of 8, =
41%n a block of glass (ng = 1.6) formed into an equilateral triangle as shown below.

a. At what angle does the light enter back into the air after passing through the glass,

Hexit?

ngsinf; = ngsinf, - 6, = sin~! (Z—Zsin 91) = sin™! (% sin 41) = 24.2°

90=0,+a—a=90—0,=90°—242° = 65.8°
a+p+60°=180°> B =120° — a = 120° — 65.8° = 54.2°

. . =1 ng .
Ng sin 63 = n, sin O,y = By = Sin (n_ sin 63)
a
f+0;=90°->0; =90°— B =90° — 54.4° = 35.8°

1.6
0pyir = sin™! (1—0 sin 35.8) = 69.4°

b. Suppose that the glass above had a smaller index of refraction than 1.6, but
greater than 1.0. Which of the following statements would be true if the index of
refraction of the glass were smaller?

1. The speed of light in the glass would be decrease.

2. The wavelength of green light in the glass would decrease.

3. The frequency of the green light in the glass would increase.

4. The frequency of the green light in the glass would decrease.
None of the above statements are true.



c. Suppose that two converging lenses are used in combination to form an image of
an object. The object is placed 28mm to the left of converging lens #1 which has
a 24mm focal length. At a distance of 180mm to the right of converging lens
#1, converging lens #2is placed. If converging lens #2 has a focal length of
15mm, where will the final image be produced with respect to lens #2?

Converging lens #1:

1_1 1 1_1 1 1 1 s
_——=— —_—— e —— — = —_ - L=
fod, dy dy fi dy  24mm  28mm % mm

Obiject distance for lens #2:
D=d,,+dj; »>dy,, =D —d;; =180mm — 168mm = 12mm

Converging lens #2:

1 1 4 1 1 1 1 1 1 d 60
S N g — — >d, = —
f2 d02 di2 diz fz d02 15mm 12mm i1 mm

The final image will be to the left of lens #2, and thus is a virtual image.

d. What is the size of original object if the final image has a height of 4.7¢m?

__dijp _ 168mm

M;

- do1 28mm

__dijp _ 60mm _
M,=-2=2"""=

doo T 12mm

hi h; 4.7cm
Miotar = 6 X5 =30 - My = L h, = =2~ 0.16cm = 1.6mm
ho M¢otal 30



3. Consider the following situation in which a 2000 turn coil of tungsten wire is
oriented in the plane of the page as shown below. The coil of wire has a radius R =

10.5cm.
Lightning bolt

2000 turn
coil of wire

O

r=200m

a. Atadistance of r = 200m from the coil, a lightning bolt suddenly strikes. If the
current in the lightning bolt rises from /; = 0A to I = 3.1MA over a time of At =
8us, what is the potential difference induced across the coil of wire?

2
&= |—N% _ |—NA cos 028 = NaLE = 2000><n(0.105111) x0.0031T
At , At At 8x1076s
e=2.7x10%*V
Cm o _ o _ kol _ 4mx1077TEx3.1x1004
where, AB = B — B; = Bf = o = S a00m = 0.0031T

b. What is the magnitude and direction of the current induced in the wire loop?
Suppose that the wire was made out of tungsten (p,, = 5.6 X 1078Qm) and had a
diameter of 3mm.

_pL_ py XN X21R 5.6 1078Qm x 2000 x 27 X 0.105m
A T2 B m(1.5 x 1073m)?2

wire
€ 2.6X10*V

=== = 24874
R 10.5Q

R = 10.5Q

The magnetic field is pointing out of the page through the wire loops and thus the
magnetic flux is increasing out of the page through the loops of wire. We need a
magnetic field produced by the loops of wire to point into the page to undo the
change in magnetic flux. Thus, the current will flow clockwise in the loops of
wire.



c. How much energy is dissipated as heat in the loop of wire as the lightning bolt
builds up?

AE

P = =
At

IR - AE = I?RAt = (2487A4)%? x 10.50 x 8 X 10765 = 520/

d. A bar magnet is dropped into a hollow vertical aluminum tube. Suppose that the
north pole of the magnet is pointing down into the tube and you look down into
the tube as the magnet falls. As the magnet falls, you are looking at the south

ole. Atany instant, as viewed by you, which of the following statements is true?
Current will circulate around the tube counterclockwise below the magnet and
the magnet will experience a magnetic force pointing up.
2. Current will circulate around the tube clockwise below the magnet and the
magnet will experience a magnetic force pointing up.
3. Current will circulate around the tube counterclockwise below the magnet and
the magnet will experience a magnetic force pointing down.
4. Current will circulate around the tube clockwise below the magnet and the
magnet will experience a magnetic force pointing down.
. There is not enough information to answer this question.

ol



Electrostatics

Physics 111 Formula Sheet

919

F=k=03*

F=qE; Ep=kL; Epae=——
A: pc 72’ plate €0A
v

E=——
Ax

V=Kl
T

Ue = k22 = qv
W = —qAV = —AU, = AK

Electric Circuits - Capacitors

KegA
Q=CV; C=22
d
— N
Cparallel - Zi=1 Ci
1 _ N 1
Cseries =1 Ci

Qcharging (t) = Qmax (1 - e_%)

Qdischarging (t) = Qmaxe_;
t

t
I(t) = Ipaxe © = Qw;_axe—;

T=RC
2

Ue=2qV =2CV2="2

Light as a Wave

c=fA
Energy 2
t) =————=ceyE°(t) =
S( ) timexArea C€o ( ) ¢
I = Sy = Lc€oElgy = c2hex
avg 2-C0~max 210

?; absorbed

P =
z?s; reflected
S =S,cos? 6
c
v==

n

gincident = ereﬂected
n,sinf; = n, sin 6,

1 1 1

=—-=—4 —

f do 4
d; h;
M=-==; M=+
do ho

B%(t)
Ho

Magnetism
F=qbxB—F=quBsin6
F=ILxB—F=ILBsinf

— Mol
T 2mr
e=AV =-N-28
At
¢p = BAcos 6

Electric Circuits - Resistors

AQ
I=—
At N
[ =nedvy; n=24
m
V =1IR
L
R=%
A
— V'N
Rseries — 4ij=1 Ri
1 __yNv L
Rparallel =1 R;
AE v?
P=—=IV=I?R=—
At R

Light as a Particle/Relativity
E = hf — hc

a1
Knax =hf — ¢
' —h_
A =2 —A—mc(l cos @)

1 1

_ (1-cos ¢) _ 2
BB By o Lrest = MC
rest
_ 1
Y=
-z
p =ymv

Etotal = Evest + K = Vmcz
K = (y — 1)mc?
Etzotal = p®c? + m?c*



Nuclear Physics

Physics 110 Formulas

N=Noe—/1t F’zma, FG_GM1TYL2’ F_'9=—ky, aC=V7
m =mge W = —AU, — AU = AK
A=Aje ™ Uy = mgy
A= AN Us = sky?
In2
t% = T K = %mvz
Te =17 + Uit + 2dt?
Constants Ur = U; + dt
g=98% v} = v} + 2a,Ar
le = 1.6 x 1071°C
__1 _ 9Nm?
k= =9x107%
€o = 8.85 x 107125,
leV = 1.6 x 10719
to = 4m x 107752
c=3x1082
h=663x10734-5=414x10"%eV s
N, = 6.02 x 1023 Geometry/Algebra
lu = 1.66 x 1072"kg = 931.5% Circles: A = nr? C=2nr=nm
m, = 1.67 x 10727kg = 937.12¢ Spheres: A = 4mr? V=2nr3
c 3
n =169 x 107?7kg = 948.3% Triangles: A= %bh
m, = 9.11 x 1031kg = 0.5114 Quadratics:  ax? + bx +c = 0 - x = 2H2 4

Periodic Table of the Elements
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https://www.wuwm.com/post/periodic-table-elements-turns-150#stream/0



