PH 315 Fall 2019

Instructor: Ethan Minot

December 4, 2019: Some questions to help you study for the final

Text that will appear on the cover of the Final Exam.
You may use any information on your note card (double-sided 8.5 x 11” page). Otherwise, the
exam is closed book.
Write your answers in the space underneath each question. If writing in pencil, make sure it is
dark enough for the scanner to detect (ask the instructor if you are unsure). If you need extra
paper, please ask.
You may use a calculator. Alternatively, full credit will be given if you do arithmetic by hand
and make a reasonable effort to get a final answer within ±20%. For example, p can be rounded
to 3 if you are doing arithmetic by hand.
State any assumptions you make to solve the problem. Show the mathematics that you use to
solve the problem. Show units when working with the numerical values of physical quantities.
Because time is limited, you are not required/expected to write very many words explaining your
reasoning. However, using words to explain your reasoning can allow the grader to distinguish
small mistakes from big ones.
If a question asks for a quantitative answer, do not expect partial credit for a conceptual answer.
Very big or very small numbers must be expressed in scientific notation (for example, 1.2 x 106).
You will lose points if you use decimal notation to express numbers that are greater than 106 or
less than 10-3. You will also lose points if you use E-notation (for example, do not write 1.2E6).
One goal of this course is that you become comfortable picking a reasonable value for a quantity.
Therefore, you won’t be told every quantity. If you get stuck because you cannot pick a
reasonable value, please ask. The instructor will write the quantity on your exam, and make a
small reduction in the points available for that question.
You can ask the instructor any question you wish. They may or may not answer.
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1. Speed of a solar car (6 pts)
Draw an energy flow diagram and sketch out a
rough calculation to estimate how fast this solar car
can travel on a flat road on a windless day in bright
sunlight. Give you answer in meters per second.
Assumptions:
• The car is 1.5 m wide, 1 m tall and 3 m long.
• The drag coefficient is 0.2.
• The electric motors are powered directly by the solar
panels (no battery power).
• The solar panels convert sunlight energy into electrical energy with efficiency 0.2.
• The electric motors convert electrical energy into mechanical work with efficiency 0.9.
• There is no energy loss associated with the tires rolling on the road.
• The top surface of the car is entirely covered with solar panels.
• The Sun is directly overhead and the intensity of the sunlight is 1000 J/s.m2.
2. Hot Water
I want to install an instant hot water heater that can give unlimited hot water while
someone is taking a shower. Cold water enters the heater, hot water come out (there is
no holding tank). The hot water heater will be powered by electricity. A standard
electrical circuit in my house can supply 1500 J/s. Will this be enough per unit time to
run the instant hot water heater? Note: The specific heat capacity of water is 4.2 J/g.C.
3. Quantum particles (4 pts)
a) In a scanning electron microscope, electrons are accelerated to a speed of about 107
m/s. Ignoring any corrections due to special relativity, what is the deBroglie wavelength
of an electron traveling at this speed? (I’m looking for a numerical answer).
Sensemaking: Compare your answer to the size of an atom (about 0.1 nm).
b) What is the momentum of a photon that has wavelength 600 nm? Give your answer
in units of kg.m/s.
4. Light-Matter interactions
Water molecules have a molecular vibration resonance at a frequency 5 x 1013 Hz.
What wavelength of light will cause water to vibrate at this frequency? Give your answer
in units of m, µm or nm.
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6. Blackbody radiation: Hot lava (4 pts)
a) On the graph below, sketch the blackbody spectrum for the electromagnetic radiation
emitted by lava coming out of a volcano. Assume the lava temperature is T = 1000 K.

b) What is the wavelength corresponding to the peak in the spectral intensity? Give your
answer in units of micrometers (µm).
c) What is the maximum value of spectral intensity in your graph. I’m looking for an
estimate that is accurate within a factor of 2 or 3. Give your answer in units of
W/(m2.µm).
&
Note, it may be helpful to recall the formula ∫' 𝓈(𝜆) 𝑑𝜆 = 𝜎𝑇 , .
7. Calculate the energy density of coal
Using the following statement, calculate the energy density of coal:
3 eV of energy is released per carbon atom when coal is burned
Show your working and express your answer in units of J/kg.
Notes:
1 eV = 1.6 x 10-19 J
Coal is made from carbon.
The molar mass of carbon is 12 g/mol.
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8. Estimate the terminal velocity of a skydiver. Use the rate
of change of gravitational potential energy, and compare to
the rate that Kinetic energy goes into the wind behind the
skydiver.

9. Power spectrum
The data table below shows the power spectrum of a light emitting diode (LED) in the
relevant range of wavelengths. Use numerical integration (a Riemann sum) to estimate
the total power emitted by this LED.
λ
(nm)

Spectral power
(J/(s.nm))

520
530
540
550
560
570
580

0
2
8
10
8
2
0
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10. Solar oven
Consider an oven designed to cook food using only the energy from sunlight. The black hotplate absorbs
100% of the incident sunlight. The insulation (shaded gray) does not transmit any light or heat. The only
way for heat to escape is radiative heat transport through the window, or radiative . To keep things
simple, pretend there is no air in the oven, and therefore no convective heat transport. Ignore any thermal
radiation emitted by the insulation.

a) Assume that the window is made glass and it is fully transparent to all wavelengths of light. The glass
stays are room temperature (290 K). Draw an energy flow diagram to represent the system in thermal
equilibrium.
What temperature does the black hotplate reach?
Compare your answer to the boiling point of water.
b) Now we change to a plexiglass window. The plexiglass (a kind of plastic) is transparent to almost all
the sunlight, but absorbs almost all of the thermal radiation from objects that have temperature less than
700 K. Draw an energy flow diagram to represent the system in thermal equilibrium.
What temperature does the plexiglass reach?
What temperature does the black hotplate reach?

The following questions were written by students for their term project. I picked some
questions that I think are excellent practice for the final.
Question
a) Using only the fundamental constants h, c, and G (Planck’s constant, the speed of light, and
the gravitational constant G = 6.7 × 10-11 N.m2/kg2) make a new fundamental constant with
dimensions of length. This length is called the Planck length.
b) What is the size of the Planck length? Give your answer in units of meters.
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