Final Exam Solutions D

Name:

Physics 203

Final Exam
6/10/2024

Collaboration 1s not allowed. Allowed on your desk are: ten 8.5 x 11 imch doubled sided sheets ot
notes that are bound together, non-communicating graphing scientific calculator, 1 page of scratch
paper, wiiting utensils, and the exam. You will have 110 minutes to complete this exam.

Constants:
k = 1/(4n£,) = 8.99 x 10° N-m*/C?
e=160x10"C
m, =9.11 x 10 kg
m,=1.67x 107 kg
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For questions 1 through 7 fill in the square next to all correct answers. A given problem may have more than
one correct answer. Each correctly bubbled answer will receive two points. There are 12 correct answers in this
section and only the first 12 filled 1n answers will be graded. There 1s no partial credit.

1. Referrig to circuit 1 and 2 i the diagram, with Ry =1, Rp = 28, which of the following statements are
true? The two batteries have identical EMFs.

O (a) In circuit 1, resistor A has more current flowing through it than resistor B.
?b) In circuit 1, resistor B has more current flowing through it than resistor A.
(c) In circuit 1, both resistors have identical current.
0 (d) In circuit 2, both resistors have identical current.
O (e) Circuit 1 has a lower equivalent resistance.
(f) Circuit 2 has a lower equivalent resistance.
0 (g) The circuits have the same equivalent resistance. Ry
O (h) Circuit 1 dissipates more power. E'= E'= Ry Rp
(1) Circuit 2 dissipates more power. Rg
0 (j) The circuits dissipate the same power.

Circuit 1 Circuit 2

6‘7/;5 WW

2. Consider the o1l slick you se#when a thin layer of oil sits on top of water. It you wanted to tind which col-
ors are reflected stronglyfor a given thickness of oil, which of the following equations would you use? As-
sume normal mcidence. (ngi = 1.47, Nyacer = 1.33, nai = 1.00)

o (a) d* sin®) = mh
) d*sin(6) = (n+ 1/2) 2 \/ n=1
o (c) 1 * sin(01) = n2* sin(62)
04d) 2t = mi n=Lu7
2

= (m+ %)% n=1.3>

(€)

3. During the last class we talked about RLC series circuits that not only contain a resistor
(resistance R), but also an inductor (inductance L) and a capacitor (capacitance C). The 1

resonant frequency (wo) for such a circuit 1s determine by the equation provided. Which ° JLC
of the following statements are true regarding changing the elements in the circuit?

{() If the inductance quadrupoles 7 nd the capacitance remains constant, the resonant frequency will
be cut in half. /

[
o (b) If the inductance quadrupoles auﬁ the capacitance remains constant, the resonant frequency will
be cut by a factor of 16.

O (c) If the inductance and capacitance both increase to a factor 5 times greater, the resonant frequen-
cy will decrease to a factor 25 times less.

V/(d) If the inductance and capacitance both increase to a factor 5 times greater, the resonant frequen-
cy will decrease to a factor 5 times less. l |

Joo 5
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4. A ray of light passes through a prism shaped like an
equilateral triangle. The ray is incident horizontally on
the prism as shown. The prism 1s made of glass with in-
dex of refraction ng = 1.5 and 1s surrounded by aur.
When 01 1s changed to a certain value, total internal re-
tlection (TIR) occurs. Which of the following statements

!((a) As shown in the diagram, 0 1s 19.5 degrees

0 (b) As shown in the diagram, 6, is 35.3 degrees

O (c) As shown in the diagram, 8; is 70.5 degrees

0 (d) 8; must be increased for TIR to occur.

m/(e.) 61 must be decreased for TIR to occur.

0 (f) TIR will occur at the first interface (between 81 and 6,).
o (g) TIR will occur at the 2nd face (between 83 and 64).

5. A small spherical object has a net charge q and generates an electric tield E, measured at a distance, d. If the
charge on the object quadruples and the object moves twice as far away, by what factor does the electric field

change? I) l .3:. 454
%) 1 (the electric field 1s unchanged)

E - T faxi\
3 (19

6. An object 1s placed 4 ecm to the left of a thin, diverging lens. The focal point of the lens 1s 2 cm away from the

lens. Where 1s the image formed? f=-12
= M

= 3 — = -
D((a) 1.33 em to the lcftt of t%le lens —len 4 Jz
0 (b) 0.75 cm to the right of the lens
0 (c) 4 cm to the lett of the lens A |
1 (d) the rays do not converge and the unage is not tormed LTS cn

7. A negatively charged particle approaches a region with a
constant magnetic field as shown. Which path does the
particle follow once it enters the magnetic tield? Options (b)
and (d) are parabolic.

0

=
3
L e
o(c
0 (d) L/ Vv
B

0 (e)
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(6 points) For the pictured circuit, write out a system of three Ry

equations that will let you solve for the currents in the circuit. Wv o
Your answer should be in terms of the variables given in the %

A N I
circuit diagram. Note: you do not need to solve the system of A

equations. (hint: write two voltage/loop law equations and one € Fodem
1 = Rp

current/junction law equation) -
ID 82
O-= &, ’TAKA’TBKD‘TDKD AN
Rp

0= £1_ - I¢£L —IBZB

Ty tTc=1,

(6 points) Consider a single slit experiment, where light 1s shone through a small slit and an interference pat-
tern can be observed. This same effect occurs when you shine light on a very thin object and look at the pat-
tern created behind it. This experiment can be done on a human hair, where its thickness plays the role of the
width of the single slit. In one case light of wavelength 632.8 nm was shone on a hair and the first dark fring-
es on either side of the central bright spot were 5.22 cm apart. If the screen 1s 1.25 m away, what was the

thickness of the hair?
Y= 2.6lea P)\rasin ef

i War =

6, = ket (1)
l—-—-/_———‘ 8 1.Gelen elen
‘ (

\7_5 cn

Je.
L

(\3 (G528 x10 n\
Sia (G)

Y

-5
5.0%X(10 "~
30. > AN

e
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10. (6 points) One of the cleanest, safest, and most efficient stovetops is an induction “burner” (note: there are
no tlames in this system). A changing current in coils below the pan ultimately increase the temperature ot
the pans surface. “Eddy” currents are circular currents induced in the iron frying pan. The iron frying pan has
a measurable electrical resistance.

(a) Explain the physics behind the induction stove. Be sure to address:
(1) how electric currents in the wires below creates “eddy” electrical currents in the pan
(i) how those currents end up imncreasing the temperature of the pan
(hint: explain what you do know, even if you aren’t sure of the complete answer)

(b) How would this system work differently if it used a constant, direct current (DC) instead of a changing, alter-
nating current (AC)? Explain your reasoning.

Eddy currents produced in
base of frypan

Iron based frypan

Ceramic surface
(cold)

Coil supplied with high
frequency AC

@— AC power supply

Oscillating magnetic field

(a) The changing current in the coils creates a changing magnetic field. These changing fields create a
changing flux in the iron metal in the pan, which induces an EMF (voltage) which drives eddy currents,
consistent with Faraday's law of induction. Since the pan has electrical resistance, the current is not
free to flow, and power is dissipated in the form of heat which increases the temperature of the pan.

(b) The system would not work with a constant current since Faraday's law of induction requires a

changing flux. Constant current yield constant magnetic field and a constant flux. It simply wouldn't
heat up.

Rubric:

Part (a) - 4 points
Part (b) - 2 points
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11. (12 pounts) The electric equipotential lines are mapped out for a region of space. Each line changes by ap-
proximately 25 V from the adjacent line. Note: the 150 V line 1s accidently mussing.

(a) Each circle O on the diagram represents a charge. Draw a plus or minus sign in each circle to represent
which type of charge it must be.

(b) If an electron, under only the electric force, moves from point B to point C, will it’s speed increase, decrease,
or stay the same? Explain your reasoning.

(c) If a proton, under only the electric force, moves from pomt A to pomnt D, will it’s speed increase, decrease, or
stay the same? Explain your reasoning,.

(d) Is the magnitude of the electric field larger at point A or point B? Explain your reasoning.

(e) Draw a vector to represent the electric field at points A, B, C, and D. Scale the magnitude of your vectors
relative to each other.

(f) If an electron is placed at poimnt B, what direction does it experience a force?

Rubric:

Part (a) - 2 points
Part (b) - 2 points
Part (c) - 2 points
Part (d) - 2 points
Part (e) - 2 points
Part (f) - 2 points

(a) See figure

(b) Speed remains the same because the voltage is the same at both points. If change in electric potential energy is equal
to the charge multiplied by the change in voltage, then with zero change in voltage, there is zero change in P.E. and thus
zero change in kinetic energy.

(c) The voltage change is negative (75 V to 25 V). If change in P.E. is equal to charge multiplied by change in voltage (EP),
then the change in P.E. is negative. If P.E. goes down, kinetic energy needs to go up to satisfy conservation of energy.
(d) Point B is larger because the equipotential lines are more closely spaced.

(e) See figure

(f) Electrons feel a force in the opposite direction as the electric field. Since the electric field points towards lower E.P.,
and must be perpendicular to the equipotential lines, than the electric field at point B must point downward. Which
means the electron feels a force upward, in the opposite direction of the electric field.
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12. (6 points) A uniform magnetic field of magnitude 3.57 mT points in the y direction. A proton 1s traveling in
the +z direction with a velocity of 527 m/s at a location <X, 0,0>m on the x-axis.

(a) The proton travels in a circular path centered around the y-axis. What is the value of X, the starting location
on the x-axis. Hint: draw a picture using the provided coordinate system orientation.

(b) Now consider the proton 1s located at the same 1nitial position on the x-axis but this time with an initial ve-

locity of <0,125,527 > m/s. How far in the y-direction has the proton traveled after it completes one revolu-
tion around the y-axis?
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