
Modern Models of Motion Quantum Physics Worksheet

Part I

1. A xenon arc lamp is covered with an interference filter that only transmits light of 400 nm
wavelength. When the transmitted light strikes a metal surface, a stream of electrons emerges
from the metal. If the intensity of the light striking the surface is doubled,

(a) more electrons are emitted in a given time interval.

(b) the electrons that are emitted are more energetic.

(c) both of the above.

(d) neither of the above.

2. In the photo electric effect the work function of a metal depends on

(a) the frequency of the incident light.

(b) the intensity of the incident light.

(c) the maximum kinetic energy of the emitted electrons.

(d) none of the above.

3. A photon collides with an electron. After the collision the wavelength of the scattered photon
is

(a) greater than or equal to the initial wavelength

(b) exactly equal to the initial wavelength

(c) less than or equal to the initial wavelength

(d) any value, depending on the scattering angle.

4. The classical planetary of an atom with electrons orbiting a nucleus is not possible because

(a) the nucleus would have to be too small.

(b) the radius of the orbit would be too large.

(c) the electron is too light to stay in oribit.

(d) the electron radiates energy.

5. The Balmer series for hydrogen can be observed in the visible part of the spectrum. Which
transition leads to the reddest line in the spectrum?

(a) n = 3 → 2

(b) n = 4 → 2

(c) n = 5 → 2

(d) n = 6 → 2



Part II

1. The minimum frequency of light that will cause photoemission from a lithium surface is

5.5× 1014 Hz.

(a) Would red light of wave length 650 nm cause photoemission? Explain.

(b) Calculate the work function of lithium in electron volts.

(c) If the surface is illuminated by light of frequency 6.5×1014 Hz, find the maximum energy
of the emitted photoelectrons in electron volts.

2. Geiger and Marsden aimed α particles of mass 6.7 × 10−27 kg and speed 20 Mm/s at a

massive gold nucleus (Z=79). Find the closest distance of approach between the centres of
the α particle and the gold nucleus.

3. The wavelength of the yellow sodium doublet in the emission spectrum of sodium is close to
590 nm. What is the energy of one quantum of this light. A sodium vapour street light is
rated at 300 W, 30% of which is is emitted as light. How many quanta of light does it emit
per second.



4. (a) What is the de Broglie wavelength of an electron in the ground state of the hydrogen

atom? (You may use the fact that the ground state radius for the hydrogen atom is

0.529 Å.)

(b) Find the speed of the electron in the ground state, expressing your answer as a fraction
of the speed of light, c.

(c) What is the wavelength of photons emitted in a transition from the n = 2 so the n = 1
energy level. What part of the electromagnetic spectrum do these photons come from?

(d) Use the Bohr Model to predict the ionization energy of the He+ ion in the ground state.
Would a prediction of the ionization energy of the He atom be accurate? If not, what
would be the source of the error?



5. Starting with the Bohr postulate mvr = nh̄

(a) use Newton’s second law for circular motion to derive an expression for the radius of the
nth orbital in the hydrogen atom as a function of n.

(b) Use the above result and the expression for total energy Etot = KE + PE to derive an
expression for the total energy of the nth orbital.

(c) When an electron moves from orbital m to orbital n it does so by emitting or absorbing

a photon of energy E = |En − Em|. Use this fact and the expression for the energy of a
photon E = hf to derive Rydberg’s formula for the energy spectrum of hydrogen.


