PH315: Day 1

Establishing Norms for Groupwork

In order to learn physics well, it is important to share
your physics ideas and practice using them in front of
the instructional team and your classmates.

1. Introduce yourselves to your group and write your
names and pronouns on your whiteboard.

2. List ways your classmates can:

e Support your learning

e Help you feel comfortable sharing your ideas
in a small group

e Help you share your ideas with the whole
class

What can “being respectful” look like in this class?

3. In another column on your whiteboard list ways
the instructional team can support your learning
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Estimate the average en-
ergy per second that could
be generated by the rain
that lands on the roof

of a typical Corvallis house.
Assume that you can cap-
ture the gravitational po-
tential energy of the wa-
ter as it drops from gut-
ter height to ground level.
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Estimate the volume of the wind trail that a car makes
as it drives from Corvallis to Portland (Oregon). Imag-
ine the wind trail as a rectangular box of air moving at
the same speed as the car.

What is the mass of air that is set into motion during
the drive?
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The Biglow Canyon Wind Farm in Oregon is rated to
produce 450 MJ/s when the wind blows at 14 m/s. The
energy is produced by 200 wind turbines. There are three
arms on each wind turbine, each arm has length 46 m (see
the photo).

Check that the claimed capacity, 450 MJ/s, is consistent
with your physics knowledge.
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We drop a small cube of hot metal into a bucket of cool
water (Figure a). After a short while, the metal has cooled
by 4 K, and the water has warmed by 1 K (Figure b).

(d) Tmeta] =350 K (b) Trneta] =346 K

Tyater = 300 K Twater = 301 K
Find AS;ota1 of the entire system (the block and the water)
as the system goes from (a) to (b). Assume that it takes

2000 J of energy to raise the temperature of the water
bath by 1 K.
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Consider this generalized system for extracting work
from heat:
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Step 1: Prepare the system by establishing Ty and T¢.

Step 2: Isolate the system from everything else and
run the system for a short time, (no thermal energy ac-
cumulates in the machine) (At is short, so the reservoir
temperatures are almost constant).

Step 3: Refresh the machine so it can start a new cycle.

(a) Analyze step 2 in detail. What is the maximum
possible value of QL?

(b) Find a numerical value for max efficency when
Tc =300 K and Ty = 600 K
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Consider the following gas process, which cycles through
a rectangle on a PV diagram.
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Make a table, like the one below, and find W,

Time Period

Description (in words)

Work done by the gas
in this time period

0-10s

10-20s

20-30s

30-40s
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How do we make the gas cycle perform better? (closer
to the Carnot limit). Try this cycle, for a monatomic
gas where the number of gas molecules is constant and

n = 0.04 mol:
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Find the efficiency of this gas cycle and compare it to the
Carnot limit.
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Uncertainty in air density: The air pressure and
air temperature in our town fluctuates throughout the
year, as shown in the histograms. We’ll assume that
fluctuations in these variables are uncorrelated.

For average conditions, P = 101.5 kPa, T'= 15 C and air
density = 1.22-%.
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If I measure air density at random times throughout the
year, what is the standard deviation in air density?

Hint: You can use the ideal gas law, PV = nRT, to see
how air density ([molar mass]* {7), depends on P and T
(n is the number of moles of gas molecules, V' is volume
of gas).
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Your group will be assigned 1 of the following 4 molecules.
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All of the molecules are floating in vacuum and in ther-
mal equilibrium with other molecules.

(a) Determine f (degrees of freedom) for the molecule
that was assigned to your group.

(b) Make a classical prediction for the average ther-
mal energy stored by your molecule.

Assumptions

e Each ball is a point mass, m, with no moment of
inertia.

e The zig-zag lines are springs which are freely jointed
at the balls.

e Vibrational motion of the springs is very small
(< the length of the spring).

e The springs can extend and compress, but cannot
twist or flex.

e The straight lines are rigid rods.
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Imagine a string under tension. If the string was at rest,
its position would be described by the function y(z, t) =
0. However, the position of the string is changing with
time in the following fashion:

e At t = 0 the string looks like a sine wave with
amplitude 0.1 m and wavelength 8 m.

e At ¢t =1 s, the crests of the sine wave have moved
0.5 m to the right.

Write a function y(x,t) that describes the position of
a string as a function of time and a function of the z
coordinate.

e In your final expressions, do not use any symbolic
variables except for y, x, and .

e Please remember (as always!) to include any units
that are associated with known quantities.

Extra Fun

Show your answer is a solution to the wave equation:
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Ground is shaking this way

—e— +«— —s P Waves

ﬁ Waves are traveling this way

The earthquake shown in the diagram is a p-wave prop-
agating with a phase velocity of about 5 km/s. The
wave must satisfy the following PDE:
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Where u is the displacement from equilibrium of the
ground, p is the density of the earth’s crust, and E is
its Young’s modulus, which quantifies how hard it is to
compress the material.

The speed of a P-wave is about 5 km/s. Estimate
Young’s modulus of the earth’s crust. Give your an-
swer in units of %
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For the “A” string of a guitar % =2.5x 10’51\?—%n

Where m is the mass of the string, L is the length, and
T is the tension. Could the “A” string of this guitar
undergo the following motion?

o) = 2 i () o (Tt
yo(2,t) = [2 mm] sin ([;m] x) cos < [10“ms] t>
ys(2,t) = [2 mm] sin ([O;m x) cos ([2.57Tms] t)
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. For an electron near a proton, the ”pure-

. . \\ frequency” solutions to the Schrodinger
/ ~ equation are described by the following
list of frequencies:

e

[
\ proton

e ;= 3.29 x 10'° Hz

n2

(Negative frequency is an interesting concept. For nega-
tive/positive frequencies, the complex-valued wavefunc-
tion evolves in opposite directions around the complex
plane.)

(a) Sketch the frequency level diagram.

(b) Find at least one frequency of visible light that
could be radiated by a superposition of two “pure-
frequency” solutions.

e Remember that “pure-frequency” solutions have
a stationary electron density (it’s only the phase
of the wavefunction that is changing with time).

e Visible light means colors that are visible to the
human eye.
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Our sun radiates 4 x 10%6 % Assume that most of this
energy is yellow light. Estimate how far away a star
like the sun could be from Earth and still be seen by
the human eye. Assume the diameter of the pupil is
8 mm when dilated.

Sense making: Most stars we see in the sky are hun-
dreds of light years away. What does this say about the
intrinsic brightness of most stars that we see?

Reminder: when night adjusted, the human eye requires
about 30 to 60 photons within a 30 ms time period to
observe something.
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Draw a graph with (energy rate) (the optical power out-
put) on the y-axis and oscillator frequency on x-axis.
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On this graph, sketch the relationship between (energy rate)
and oscillator frequency when

1. T =300 K
2. T'=600 K

Assume the mass and charge of the oscillators are con-
stants. Your graph should illustrate the relative magni-
tude of curve A and curve B, and the relative position
of the peak magnitudes.
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The spectrum shown below is obtained from a 50-W
incandescent light bulb (it is powered by 50 J/s of elec-
trical energy). It is acting like a perfect blackbody light
source at 1" = 3000 K.

Blackbody spectrum
e=1
7=13000K
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From the Stefan-Boltzmann law we can estimate that a
hot surface emits total light intensity (energy radiated
per time per surface area).
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Where 0 = 5.7 x 10_8ﬁ

(a) Estimate the fraction of the energy emitted that
is in the visible region of the spectrum.

(b) Find the surface area of the filament.
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Assuming the earth has reached an equilibrium temper-
ature (i.e. it emits energy at the same rate as it receives
energy). Estimate the temperature of the earth’s sur-
face. Assume the entire globe is at the same tempera-
ture. (It’s easiest to start with algebraic expressions).
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Kinesthetic Activity

Simple model of molecules as atoms held together as
springs. Students play the role of the O, O and C atom
in CO2. Instructor points left and right to represent
the electric field from a light source.

Combine this kinesthetic activity with a physical demon-

stration of a mass on a spring driven at a variable fre-
quency. .. find what happens on resonance.
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Let’s try measuring light scattering or light absorption
by the cross-sectional area.

For example, looking through a snow flurry.
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It is snowing. The snowflakes have a scattering cross-
section of 10 mm?

I can barely see a tree that is 50 meters away.

Estimate the concentration of snowflakes in the air (num-
ber of snowflakes per cubic meter).
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Class discussion: Feedback mechanism in our
climate

Hypothesize about mechanisms for positive feedback
and negative feedback. Class generates ideas such as
cloud coverage (negative feedback), and CO2 released
from a hot ocean (positive feedback).
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A speck of dust with charge ¢ = +0.02 nC and negligi-
ble radius sits on a surface of a plastic ball with radius
R = 2.0 cm and charge @ = —120 nC.

(a) What is the binding energy of this system (in
Joules)?

(b) What is its mass deficit (in kg)?

Learning Goal: The mass deficit of a compound ob-
ject (like an atomic nuclei), can be calculated by fig-
uring out the binding energy of the compound object.
Mass deficit isn’t just a nuclear phenomena. It is true
for compound objects bound by electrostatic forces,
gravitational forces, multiple forces...



