Name: ( ) AP Physics 2: 2026

Question 2: Version J

2. Figure 1 represents the energy levels and their corresponding states for a hypothetical atom.

Figure 1
Energy State

Part A

On Figure 1, draw arrows to represent all possible atomic transitions that could result in the
emission of a photon.

Part B

Derive an expression for the wavelength of the highest-energy photon that can be emitted from
the atom. Express your answer in terms of E, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference
information.

The following information applies to parts C and D.
A device can emit monochromatic electromagnetic radiation. The wavelength A of the radiation
can be varied over a continuous range of wavelengths.

Part C

On Figure 2, sketch the energy E of emitted photons from the device as a function of A for
Ay < A < 4A,. Photons with wavelength A, have energy 4E,. Sketches made in the shaded
region will not be scored.
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PartD

A student claims that, based on the energy states shown in Figure 1, the atom can emit a photon
of wavelength A, and energy 4E, like the device described in part C.

Indicate whether the claim is correct or incorrect. Briefly justify your answer by referencing
the representation in part A.
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Electron

Note: Figure not drawn to scale.

. (12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of radius r about a stationary proton, as shown
above. The gravitational force between the proton and electron is negligible compared to the electrostatic force

between them.

(a) Derive an equation for the speed v of the electron in terms of r and physical constants, as appropriate.

(b) Derive an equation for the total energy of the atom in terms of r and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.

(c) When the hydrogen atom absorbs a photon, the electron moves to an orbit with a larger radius and the total
energy of the atom increases. Is your equation for the energy derived in part (b) consistent with this description
of the model of a hydrogen atom absorbing a photon? Explain why the equation is or is not consistent.

(d) Experiments show that a hydrogen atom can absorb a photon of frequency 3.2 X 10" Hz.

1. Calculate the energy of a photon with this frequency.

ii. A student claims that when a hydrogen atom absorbs a photon at this frequency, the energy could be
converted into mass, adding an electron to the atom. Calculate the amount of energy needed to create a
particle with the mass of an electron and determine whether or not there is sufficient energy gained by the
atom to add another electron.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 3 on this page.
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iii. The left bar chart in the figure above is complete and represents the initial electric potential energy Ug ; of the
atom and the initial kinetic energy K; of the electron before the photon is absorbed. In the space provided on the
right, draw a bar chart to represent a possible final electric potential energy of the atom and final kinetic energy of
the electron.

GO ON TO THE NEXT PAGE.
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2. (12 points, suggested time 25 minutes)

A student is given a glass block that has been specially treated so that the path of light can be seen as the light
travels through the glass. The student is asked to design an experiment to measure the index of refraction of the
glass. The light source available in the laboratory is a hydrogen lamp that emits red light of a known wavelength.

(a) A linear graph is to be used to determine the index of refraction of the glass. Indicate the quantities that
should be graphed and describe how the graph could be used to determine the index of refraction of the
glass.

(b) Outline an experimental procedure that could gather the necessary data. Include sufficient detail so that
another student could follow your procedure. In addition to the glass block and the hydrogen lamp, the
equipment in a typical classroom laboratory is available.

(c) Predict how the path of the light will change as it enters the glass. Support your prediction using a
qualitative comparison of the speed of light in glass and the speed of light in air.

(d) Describe the process(es) by which red light from the lamp is produced by hydrogen atoms that are initially
in the ground state. Draw and label an energy level diagram that supports the atomic process(es) you
describe.



