AP Test Unit 10: Modern Physics—Retest

1992 B4

The ground-state energy of a hypothetical atom is at -10.0 eV.  When these atoms, in the ground state, are illuminated with light, only the wavelengths of 207 nanometers and 146 nanometers are absorbed by the atoms. (1 nanometer = 10 - 9 meter).

a.   
Calculate the energies of the photons of light of the two absorption-spectrum wavelengths.

b.    Complete the energy-level diagram shown below for these atoms by showing all the excited energy states.
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c.   
Show by arrows on the energy-level diagram all of the possible transitions that would produce emission spectrum lines.

d.   
What would be the wavelength of the emission line corresponding to the transition from the second excited state to the first excited state?

e.     Would the emission line in (d) be visible?  Briefly justify your answer.

1990 B5

In a television picture tube, electrons are accelerated from rest through a potential difference of 12,000 volts and move toward the screen of the tube. When the electrons strike the screen, x‑ray photons are emitted. Treat the electrons nonrelativistically and determine:

a.    the speed of an electron just before it strikes the screen

b.    the number of electrons arriving at the screen per second if the flow of electrons in the tube is 0.01 coulomb per second

An x‑ray of maximum energy is produced when an electron striking the screen gives up all of its kinetic energy. For such x‑rays, determine:

c.    the frequency 

d.    the wavelength

e.    the photon momentum
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1993 B6

In the x‑ray tube shown above, a potential difference of 70,000 volts is applied across the two electrodes. Electrons emitted from the cathode are accelerated to the anode, where x‑rays are produced.

a. Determine the maximum frequency of the x‑rays produced by the tube.

b. Determine the maximum momentum of the x‑ray photons produced by the tube.
An x‑ray photon of the maximum energy produced by this tube leaves the tube and collides elastically with an electron at rest. As a result, the electron recoils and the x‑ray is scattered, as shown below.   The frequency of the scattered x‑ray photon is 1.64 x 10-9 hertz.   Relativistic effects may be neglected for the electron.
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c. Determine the kinetic energy of the recoiled electron.

d. Determine the magnitude of the momentum of the recoiled electron.

_910510247.bin

