Physics 111
Exam #1

October 2, 2020

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 = ml¥|= (Ske) x (2) =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.

All multiple-choice questions are worth 3 points and each free-response part is
worth 7 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. Point Charges

a. Consider the four point-charges shown on the
right on the corners of a square with sides of
length L. The charge in the upper left corner
and the charge in the lower right corner have
charges +Q. The other two charges are
negative in sign but have unknown magnitude
q. If the net force on the upper left charge is
zero, what is the magnitude of the other
charges (assumed equal) in the upper right and |

lower left corners (the red circles) in terms of

0?

From the horizontal forces:

. _kQq kQQ kQ ( \/7Q>:0

q—FQ,Q Z 32 cos45=F q

Or, from the vertical forces:

kQq kQQ . kQ V2Q
—Fo—qt+ Foq =—?+ o2 sin 45 =1z —q+T =0




b. How much work was done to assemble the distribution of point-charges if Q =
2uC and L = 1cm? Assume that each charge was brought in one at a time, from
very far away and placed at the charge’s final location.

Labeling the charges clockwise from the upper we have:
W, = 0 to place the first charge.

V2Q\ [k
I/V2 = —quvl = — <__Q> _Q_ 0]

4 L
V2kQ? VZx9x10°Nm2 (5 10-6¢)?
W, = = < = 1.27] to place the 2" charge.
4L 4%X0.01m

k k
Wy = —qa(AV; + AV,) = =(@) l(\/_TQL ~0)+ (— Y2k _ 0>]

(1)

+ —_
V2 o4 0.01m 2 4

L
3 charge.

= —1.27] to place the

W4_ = —q4(AV1 + AVZ + AV3)
vz vz
(2 o) (20o) 20-o)

2 9x1098™2 (55 10-6¢)?
=ki(£_£) = o ) (ﬂ—ﬁ) = 2.23] to place the 4"
L 4 16 0.01m 4 16

W3
charge.

Whee =Wy + W, + Wy + W, = 0] + 1.27] — 1.27] + 2.23] = 2.23]



c. What is the net electric field at the center of the square?

y
/N

Labeling the charges clockwise from the upper left
charge, we have that due to the symmetry in the

problem, the net electric field at the center of the

square is zero. =

d. Which of the following statements about electric fields and electric potentials is

valid?

1. If the electric potential at a particular point is zero, the electric field at that
point is zero.

2. If the electric field at a particular point is zero then the electric potential at that
point must be zero.

3. If the electric field throughout a particular region is constant, then the electric
potential throughout that region must be zero.
If the electric potential throughout a particular region is constant, then the
electric field in that region must be zero.

5. All of the above statements about electric fields and electric potentials are
valid.

6. None of the above statements about electric fields and electric potentials are

valid.



2. RC Circuits
a. A carbon ion (*2C*2¢) is accelerated from rest to a speed 5 x 10°™. The carbon

ion is then directed toward a hole in a set of capacitor plates as shown below.
What potential difference across the plates would be needed to bring the carbon
ion to rest just at the rightmost plate?

W = —qAV = AK = mv} —mv}

W = —qAV = —imv} ,
v

mv? (12 % 1.67 x 1072 kg)(5 x 1057)°

AV =
2q 2X(2x1.6x10719C)

AV = 7828V = 7.83kV AV

b. If the plates of the capacitor are square with a side of length L = 85cm, and are
separated by a distance of d = 3c¢m, what is the capacitance of the system and
how much charge was stored on the capacitor when fully charged?

2
Kepd _ B85X10712-Cx(0.85m)?

C = = 1 =21x10710F
d 0.03m

Q=CV=21x10"1"F x 7828V =1.7x 107°C = 1.7uC



C.

How much energy is stored in the fully charged capacitor and what is the electric
field between the plates?

W =1cv? =1x21x107"°F x (7828V)% = 0.0064] = 6.4m]

A = 7828 _ 26 x 105, or 2.6 x 105¥ pointing to the left opposite to the
Ax 0.03m m m

velocity of the carbon ion.

Suppose that you had four individual capacitors (each with a different
capacitance) that were each separately fully charged using a battery with potential
difference V7 and connected to a resistor with resistance R, forming four separate
RC circuits. The capacitors charge through their individual resistor and plots of
the potential difference across the charging capacitors as a function of time are
shown below. From the graph below, which curve has a time constant of t =
50s?

1. The blue curve.
The red curve.

3. The green curve.

4. The purple curve.

5. Itis not possible to determine which curve has a t = 50s time constant
without more information.
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3. Electric Circuits

Consider the circuit shown below in which several identical resistors each with resistance
R = 100Q are connected to a 10V battery.

R,
a. What is the current produced by the battery? |
R
1 ', |
|— RZ R3 ‘JA
Resistors R, and Rsare in series. R ?
Rus = Ry + Rs = 100Q + 100Q = 2000 5

Resistors R,, R; and R,sare in parallel.
1 1 1 1 5 2000 R,

b p— =2 LR =2 400
Rysss Ry Rs | Rgs 2000 12345~ g

Resistors Ry, R,345and R are in series.
Req = R1234-56 = R1 + R2345 + R6 = 100.0. + 4OQ + IOOQ = 2409

14 10v

The total current; Iy = =50 0.0417A4 = 41.7mA
eq

b. What is the current through and the potential drop across the resistor labeled R,?

The potential drop across resistors R, and R¢ are given by V; = IR, = 0.0417A X
100Q = 4.17Vand Vg = I+Rg = 0.0417A X 100 = 4.17V respectively.

Thus the potential drop across V5, given by conservation of energy, isV — V; — Vo345 —
Ve =0 Vygas =V, =V =V, = Vg =10V — 4.17V — 417V = 1.66V.

The current through is given by Ohm’s law: V, = LR, = I, = Y2 = L8V _ 901664 =

R, 1000
16.6mA



C.

Suppose that we found a resistor laying around the lab with the equivalent resistance of
the circuit in part 3a. We connect this resistor to the same 10V battery and an initially
uncharged 3000uF capacitor. As soon as the battery is connected to the
resistor/capacitor combination the capacitor begins to charge through the resistor. At
what time will the capacitor have a stored energy equal to 48% of its maximum amount?

2

=1cyz=1 (Vmax (1- e‘R—tc)>2 = 102, (1 - e70)

£\ 2
E=Emax<1—e_ﬁ> —-t=—RCln|1-

max

max

t = —2400 % 3000 X 1076F X ln(l - %) = 0.85s

d. Consider the following circuit in which a light bulb is connected to a battery. At

which point in the circuit is the current the largest?

1. PointA #
2. Point B. Ly
3. Point C. =
4. Point D.

It’s the same at all points.
. There is not enough information to answer this question.
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