Physics 111
Exam #2

October 13, 2023

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,
[P| = mfi|= (Ske) x (22) =10

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 free-response part is worth 6 points.

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

Total [72

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




1. Consider the network of resistors shown below. The network is connected to a Vz =
1000V battery and an initially uncharged capacitor C and a switch S. Assume all the

resistors are the same in every way, unless otherwise specified, and have a resistance
R =100MQ.
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a. What is the time constant for the circuit? Hint: the capacitor is constructed out of
two square plates with sides of length L = 50cm and separated by 0.5mm of air.



b. When the switch S is closed, the capacitor begins to charge through the network of
resistors. What is the maximum current that flows when the battery is connected
to the circuit, the maximum charge that can be stored on the capacitor, and the total
energy stored in the capacitor when fully charged?

c. After a long time, the capacitor becomes fully charged. At this point, the capacitor
is disconnected from the battery and the network of resistors. The capacitor is then
connected to an unknown single resistor and this resistor is not any of the resistors
from part a. When connected to this unknown single resistor, the fully charged
capacitor begins to discharge and it is found that it takes 16us for the capacitor to
lose 75% of its initial stored energy. What was the resistance of the unknown
resistor?

d. What is the length of the conducting wire in the unknown resistor if the resistor has
a circular cross-section with radius » = 5um and is made out of platinum with
resistivity 9.82 x 10~8Qm.



2. Suppose you were in the lab making measurements of the magnetic field in a region of
space as a function of current flowing through some circular coils of wire connected to
a battery. The data taken are plotted below where the current has a positive value it is
flowing in a counterclockwise fashion around the circuit, while a negative value
corresponds to a clockwise flow. Suppose that a current I = 4+0.51; was flowing and
that an unknown charged particle (either a proton or electron) in the region of space
where the magnetic field was being measured was moving toward the top of the page.
In this case the magnetic force on the unknown charged particle is Fz in magnitude and
to the left as shown below.
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a. What is the identity of the unknown charged particle and what change to the current
only in the wire would make the magnitude of the magnetic force be twice the
original value and the direction of the magnetic force point to the right? Be sure to
fully explain your answer using as many physics ideas as possible.



b. After careful experimentation it is found that the magnitude of the magnetic field

was found to obey B = ”;:I, where N = 130 is the number of turns of the wire, I
is the current flowing, and R = 2.5m is the radius of the circular loops of wire. If
the current flowing is I = +1.25A4 and the magnetic force was measured to be Fz =

9.9 x 10718N, what was the speed of the unknown charge in the magnetic field?

c. What is the radius and period of the charged particles orbit?



d. Suppose that a magnetic field were directed everywhere out of the plane of the page
with a constant magnitude B. A small coil of wire of cross-sectional area A is
oriented in several ways described below. Of the configurations described below,
explain if a current will flow or not in the small coil of wire. For those with currents,
determine the direction of the current flow in the coil of wire.

1. The coil of wire is in the plane of the page with its normal perpendicular to the
page. That is, the normal to the loop of wire is pointing out of the page at you.
The coil of wire is rotated in the plane of the page at a constant rate clockwise.

2. The coil of wire is in the plane of the page with its normal pointing
perpendicular to the page. That is, the normal to the loop of wire is pointing
out of the page at you. The magnetic field is rotated so that it now points into
the plane of the page from pointing out of the plane and has the same magnitude.

3. The coil of wire is in the plane of the page with its normal pointing
perpendicular to the page. That is, the normal to the loop of wire is pointing
out of the page at you. The coil of wire is stretched in such a way that the area
of the coil increases from A to 2A.



3. Consider the circuit shown below right where a 100V battery is connected to a 50Q
resistor.

a. Along the dashed line located 3cm to the right of the circuit, what is the magnitude
and direction of the magnetic field due to the long straight wire segment colored

purple? r =3cm
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b. Suppose a second circuit was constructed by connecting a 220V battery to a
250Q resistor. This circuit was placed 3cm to the right of the first circuit in
the same plane. A 10cm segment of wire colored orange is placed along the
dashed line. What is the net magnetic force on this segment of wire?

—AAN—




c. The segment of orange wire in part b was made from platinum and has a length L =
10cm and radius r = 2mm. What is the drift velocity of charge carriers in the
segment of platinum wire if each platinum atom donates one valence electron to the
current? Some relevant data for platinum: pp, = 21.45-2;, p = 9.82 x 10~°Qm,
and M = 191.1-%..

d. What Hall voltage would be measured across a diameter of the wire?
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Nuclear Physics

N = Nye™*t
m = mye
A= Aje
A= AN
In2
L=
Constants
g =985
le = 1 6 x10719C
e =9 X 109"’m

€p = 8.85x 10712,
leV = 1.6 X 10719
o = 4m x 10772
c=3x1082
h =6.63 x 1073%Js = 4.14 X 10™*%¢V’s
N, = 6.02 x 10?3
lu = 1.66 x 107"kg = 931.5°
m, = 1.67 x 102"kg = 937.1%
n =169 X 107" kg = 948.3M¢

MeVv

m, = 9.11 x 1073'kg = 0.511"

Physics 110 Formulas

2

F=md; F;="2" F=—ky; a=">
W = —AU, — AU, = AK

Uy = mgy

Us = sky?

K = mv?

Ty = 17; + Uit + ldt?

Up = U; +dt

vf = v} + 2a,Ar

Common Metric Units

nano (n) = 107°
micro (u) = 107°
milli (m) = 1073
centi (¢) = 1072
kilo (k) = 103
mega (M) = 10°

—-b+Vb2%-4ac

Geometry/Algebra

Circles: A=nr? C=2nr=m
Spheres: A = 4mr? V= gnrf“
Triangles: A= %bh

Quadratics: ax?+bx+c=0-x= ”
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