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1. Consider a black body of surface area 20.0 cm2 and temperature 5000 K. (a) How

much power does it radiate? (b) At what wavelength does it radiate most intensely?

(c) Find the spectral power per wavelength at this wavelength.

2. A photon having energy E is scattered by a free electron initially at rest such that

the scattering angle of the scattered photon is equal to that of the scattered electron.

(a) Determine the scattering angle. (b) Determine the energy and momentum of the

scattered photon. (c) Determine the kinetic energy and momentum of the scattered

electron.

3. A 0.110 nm photon collides with a stationary electron. After the collision, the electron

moves forward and the photon recoils backward. Find the momentum and the kinetic

energy of the electron.

4. How much energy must a photon have if it is to have the momentum of a 10 MeV

proton?

5. Light from the sun arrives at the earth, an average of 1.5× 1011 m away, at the rate of

1.4× 103 W/m2 of area perpendicular to the direction of light. Assume that sunlight

is monochromatic with a frequency of 5.0 × 1014 Hz. (a) How many photons fall per

second on each square meter of the earth’s surface directly facing the sun? (b) What

is the power output of the sun, and how many photons per second does it emit? (c)

How many photons per cubic meter are there near the earth?

6. Two light sources are used in a photoelectric experiment to determine the work func-

tion for a particular metal surface. When green light from a mercury lamp (λ = 546.1

nm) is used, a stopping potential of 0.376 eV reduces the photocurrent to zero. (a)

Based on this measurement, what is the work function for this metal? (b) What stop-

ping potential would be observed when using the yellow light from a helium discharge

tube (λ = 587.5 nm)?

7. Electrons are ejected from a metallic surface with speeds ranging up to 4.60×105 m/s

when the light with a wavelength of 625 nm is used. What is the work function and

the cut-off frequency of this surface.
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8. A photon is emitted as a hydrogen atom undergoes a transition from the n = 6 state

to the n = 2 state. Calculate: (a) the energy, (b) the wavelength, (c) the frequency of

the emitted photon.

9. Suppose a proton and an electron were held together in a hydrogen atom by gravita-

tional forces only. Find the formula for the energy levels of such an atom, the radius

of the ground state Bohr orbit, and its ionization energy in eV.

10. Steam at 100 degree centigrade can be thought of as an excited state of water at 100

degree centigrade. Suppose that a laser could be built based upon the transition from

steam to water, with the energy lost per molecule of steam appearing as a photon.

What would be the frequency of such a photon be? To what region of the spectrum

does this correspond? The heat of vaporization of water is 2260 kJ/kg and its molar

mass is 18.02 kg/kmol.

11. Figure below shows portion of the energy level diagrams of the helium and neon atoms.

An electrical discharge excites the He atom from its ground state to its excited state

of 20.61 eV. The excited helium atom collides with a Ne atom in its ground state

and excites this atom to the state at 20.66 eV. Lasing action takes place for electron

transitions from E∗
3 to E2 in the Ne atoms. From the data in the Figure, show that

the wavelength of the red He-Ne laser light is approximately 633 nm.
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