
Final Exam Show Work Practice Problems
Physics 1251
TA: Clark

Disclaimer: I have ZERO intel about what will be covered on the final. This is a collection of
problems that will force you to review concepts that were covered in lecture, homework, and quizzes.
My instincts tell me the questions I have provided here are, on net, slightly more difficult than you
will encounter on the actual exam, but again, no promises.

The final exam is cumulative. For review of material covered on exam 1 and exam 2, please consult
the practice packets for those sections. This packet will only focus on material after exam 2.

1. Electromagnetic waves are emitted uniformly in all directions from a cell phone while in use.
The wavelength of the radiation is λ = 3.50 cm, and the electric field has an amplitude of
Emax = 5.40× 10−2 V/m at the cell phone tower located a distance of r = 250 m from the cell
phone.

(a) Find the frequency of the radiation emitted from the cell phone.

(b) Determine the intensity of the wave when it reaches the cell phone tower.

2. A laser beam of red light (λ = 650 nm) is normally incident on face ab of a glass prism
(nglass = 1.52) that is immersed in water (nwater = 1.33) as shown in the figure. Determine the
largest value of θ so that the ray is totally reflected at the face ac of the prism. Justify your
answer.
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3. Four polarizers are placed in succession with their transmission axes oriented at 0◦, 30◦, 60◦,
and 90◦ from vertical. Unpolarized light with intensity I0 is incident upon the polarizer with
the vertical (0◦) transmission axis.

(a) Determine I4, the intensity of light that is transmitted through the stack of four polarizers,
in terms of I0.

(b) Can the intensity of the transmitted light be decreased by removing only one of the four
polarizers? If so, provide at least one concrete example to support your assertion. If not,
explain why.

(c) Can the intensity of the transmitted light be increased by removing only one of the four
polarizers? If so, provide at least one concrete example to support your assertion. If not,
explain why.

(d) Can the transmitted light be extinguished completely by removing one, or more, of the po-
larizers? If possible, which polarizer(s) would you remove? Provide one concrete example,
or offer reasoning as to why it is not possible.

4. The A string of the first violinist of a concert orchestra is 0.320 m long and has a mass of 0.20 g.

(a) What string tension T is needed to produce a note of 440 Hz as its fundamental?

(b) A tube, open at one end and closed at the other, is placed near the violin described above.
How long should the tube be so that the second harmonic (the next highest resonance after
the fundamental) of the tube is in resonance with the 440 Hz note played on the violin?

(c) The second violinist in the same orchestra has an identical violin, with strings of the same
length and mass. However, they have neglected to properly tune their violin. The A string
is too low by 5%. Describe what is heard when both violinists attempt to play the same
440 Hz note with the same volume (but only one violin, the first violin, is properly tuned).
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5. Two loudspeakers are located d = 5.50 m apart on an outdoor stage. A listener is at point P ,
a distance L1 = 16.5 m from one speaker and a distance L2 = 18.5 m from the other speaker.

(a) During a sound check, a signal generator drives two speakers in phase with the same
frequency. The frequency of the signal generator is swept through the audible range (20 Hz
to 20 kHz ). Determine the lowest frequency fcon at which a listener at point P hears
constructive interference.

(b) Determine the lowest frequency fdes in the audible range that results in destructive inter-
ference at point P .

(c) The speaker volumes are adjusted so that, at a point P , the intensity I0 of the sound
produced by each speaker alone is exactly the same (as measured with the other speaker
covered up), and has a value of I0 = 20.0 W/m2 at the frequency you found in part (a).
Find the intensity I that would be measured at point P with both speakers sounding at
the same frequency.

6. In a double slit experiment consisting of two very narrow slits separated by a distance d and
located a distance L from a screen, it is found that blue light of wavelength λblue = 460 nm gives
a second order (m = 2) maxiumum on the screen a distance y2 from the central axis.

(a) What is the path difference, ∆x, that gives rise to this specific interference maximum?

(b) What wavelengths of visible light (400− 800 nm) have a minimum at the same location on
the screen?

(c) Explain whether the second order maximum (m = 2) for blue light should be closer or
further from the central symmetry axis than the second order maximum for red light.

7. A beam of photons with wavelength λ = 150 nm pass through a single slit of width a. The
diffraction pattern is observed on a distant screen, and the photons produce their first dark
bands at angles of θ = ±25◦ from the centerline.

(a) Find the energy of the photon.

(b) Find the width of the slit, a.

(c) Now, replace the beam of photons with a beam of electrons that have the same energy as
the photons. The electrons are non-relativistic. Determine the wavelength of the electron,
λe.

(d) For the electron beam, what are the first three angles, measured from the centerline, at
which no electrons will be detected?

8. White light (wavelength 400−700 nm) is normally incident on a diffraction grating that contains
600 slits/mm.

(a) For any given order, is the red light or the violet light diffracted at a greater angle?

(b) Determine the angular width (i.e., the spread in angle between the extremes of continuous
visible spectrum), ∆θ, of the 2nd order continuous visible spectrum produced by this
diffraction grating.

(c) Determine whether the 2nd or 3rd order spectra overlap.
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9. A disabled tanker leaks kerosene (nk = 1.20) into the Persian Gulf, creating a large slick on top
of the water (nw = 1.33).

(a) An observer in an airplane above the slick looks straight down, while the sun is overhead,
at a region of the slick that has a thickness of 460 nm. What wavelength of visible light in
air (400 < λ < 700 nm) are mostly strongly reflected to the observer’s eye?

(b) If a second observer is scuba diving in the water directly below the same region of the slick,
which wavelengths of visible light in air are most strongly transmitted to the observer’s eye
from the sunlight shining down from above?

10. About half of all observed stars are actually binary pairs, where two stars orbit about one
another. The Hubble space telescope can be used to study these pairs; Hubble has a telescope
mirror of diameter 2.4 m.

(a) What is the minimum angular separation that two stars can have for Hubble to be able to
resolve them at a wavelength of 500 nm? Binaries stars resolved in this way are known as
visual binaries.

(b) Suppose a certain star had a binary companion star orbiting at about the distance the
earth is from our sun–that is, 1.5 × 1011 m. How far from the earth (in meters) can this
binary pair be resolved as two separate stars?

11. A light source (λ = 468 nm) ejects electrons from a sodium medal cathode (φ = 2.28 eV). The
maximum kinetic energy of these electrons was measured to be 5.92 × 10−2) J. What is the
maximum wavelength that can eject electrons from sodium medal?

12. An electron has a most probable kinetic energy of 8.011 × 10−17 J, and the uncertainty in the
position of this electron is equal to one-half of the wavelength associated with this kinetic energy.

(a) What is the minimum uncertainty in the momentum (in kg m/s) of this electron?

(b) What is the minimum uncertainty in the position (in m) of this electron 0.5 femtoseconds
later?

13. An electron in a 16 Å box is initially in the first excited state. The electron absorbs a photon
and ends up in an excited state that has seven nodes.

(a) Calculate the wavelength (in nm) of the photon absorbed.

(b) Determine the probability of finding the electron between 6.5 Å and 12.5 Å in the final
excited state. (Hint: Note that because I did not give you the wavefunction, you must
perform this calculation graphically.)
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14. A Bohr-like model for an atom showing the four innermost orbitals of a one-electron ion or
atom is shown below. Answer the following questions related to this system.

(a) Using the schematic above, determine the identity of the one-electron atom or ion.

(b) Calculate the energies (in eV) of the four lowest energy states for this one-electron atom
or ion.

(c) Draw an energy level diagram (in eV) of the four lowest energy states for this one-electron
atom or ion. Label the tic marks on the energy scale. On your diagram, identify the three
transitions labeled A, B and C on the orbital diagram using arrows for each (pointing from
initial to final state) and with the corresponding label (A, B, or C) to identify each.

(d) Calculate the wavelength (in nm) of a photon associated with transition B.

(e) Calculate the kinetic energy and potential energies (in eV) for this one-electron atom or
ion in the initial state associated with transition B.

(f) Calculate the final kinetic and potential energy (in eV) of this system after a photon with
energy of 345 eV is absorbed by the one-electron atom or ion, if initially the system is in
its ground state.

15. Consider a quantum particle with the following wavefuntion:

ψ(x) =

{
N e−x/a for x > 0

0 for x < 0

(a) Find the normalization N such that this wavefunction is properly normalized.

(b) Find the probability that the particle will be at any point where x < 0.

(c) Find the probability of finding the particle between x = 0 and x = a.
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