Quantum Physics Exam

For the multiple choice questions, please use the form provided.
1.
When light is incident on a metal surface, electrons may be ejected. The following graph shows the variation with frequency f of the maximum kinetic energy Ek  max of the ejected electrons.
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Which one of the following graphs best shows the variation with frequency f of the maximum kinetic energy Ek  max of the ejected electrons if another metal surface with a lower threshold frequency is used?

[image: image2.wmf]E  max

E  max

E  max

E  max

k

k

k

k

0

0

0

0

0

0

0

0

f

f

f

f

A.

C.

B.

D.


(1)

2.
Some of the energy levels of the hydrogen atom are shown below.

–––––––––––––– – 0.54 eV
–––––––––––––– – 0.85 eV

–––––––––––––– – 1.51 eV

–––––––––––––– – 3.39 eV

–––––––––––––– – 13.6 eV


Electrons are excited to the 0.85 eV level. How many different photon frequencies will be observed in the emission spectrum of hydrogen?

A.
3

B.
4

C.
5

D.
6

(1)

3.
When electrons of suitable energy travel through a thin layer of graphite, a pattern of concentric circles is produced on a screen.
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The production of this pattern is evidence for

A.
the wave nature of the electron.

B.
the nuclear model of the atom.

C.
the particle nature of the electron.

D.
the existence of X-rays.

(1)

4.
The work function of a metal may be defined as

A.
the minimum frequency of the incident electromagnetic radiation required to cause photoelectric emission.

B.
the minimum wavelength of the incident electromagnetic radiation required to cause photoelectric emission.

C.
the minimum energy of photons incident on a surface required to cause photoelectric emission.

D.
the minimum energy required to take an electron from the interior to the surface to cause photoelectric emission.

(1)

5.
The de Broglie wavelength of a particle that has kinetic energy Ek is λ. The wavelength λ is proportional to

A.
Ek.

B.
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D.
Ek2.

(1)

6.
The ratio of mass-to-charge was measured for a sample of a pure element in a mass spectrometer.
The values obtained were
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where [image: image10.wmf]q

m

 is the mass-to-charge ratio for a hydrogen ([image: image11.wmf]H

1

1

) nucleus. The data suggest that two isotopes are present with masses

A.
17.5u and 18.5u.

B.
17.5u and 37.0u.

C.
18.5u and 5.0u.

D.
35.0u and 37.0u.

(1)

7.
The Bohr model of the hydrogen atom is able to

A.
predict accurate values for some of the wavelengths in the spectrum of atomic hydrogen.

B.
account for the detailed structure of the spectral lines in the spectrum of atomic hydrogen.

C.
explain the relative intensity of the different spectral lines in the spectrum of atomic hydrogen.

D.
be extended to predict accurately, some of the wavelengths in the spectrum of oxygen.

(1)

8.
The nucleus [image: image12.wmf]P
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 undergoes radioactive decay to the nucleus [image: image13.wmf]Si.
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 The particles emitted in the decay are

A.
a positron and an antineutrino.

B.
an electron and an antineutrino.

C.
a positron and a neutrino.

D.
an electron and a neutrino.

(1)

9.
The photoelectric effect involves the emission of electrons from

A.
the surface of a metal when the metal is heated.

B.
the surface of a metal when it is illuminated with electromagnetic radiation.

C.
an atom of a material when the material is negatively charged.

D.
an atom of a material when the material is heated.

(1)

10.
The decay constant λ in radioactive decay is defined as

A.
the probability of decay per unit time of a nucleus.

B.
the probability of decay of a nucleus.

C.
the constant [image: image14.wmf]÷
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 is the half-life.

D.
the constant in the radioactive decay equation N = N0e–λt.

(1)

11.
Which of the following graphs best shows how photon energy E varies with the wavelength λ of the light?
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12.
Which of the following correctly identifies the mass and momentum of a photon?

	Mass
	Momentum

	A.
	zero
	zero

	B.
	zero
	non-zero

	C.
	non-zero
	zero

	D.
	non-zero
	non-zero


(1)

13.
In an experiment to investigate the photoelectric effect, monochromatic light is incident on a metal surface. The photoelectric current and the maximum kinetic energy of the photoelectrons are measured.


Which one of the following correctly shows the change, if any, in the photoelectric current and in the maximum kinetic energy of the photoelectrons when light of the same intensity but higher frequency is incident on the same metal surface?

	Photoelectric current
	Maximum kinetic energy

	A.
	decreases
	no change

	B.
	decreases
	increases

	C.
	no change
	decreases

	D.
	no change
	increases


(1)

14.
The diagram below shows some possible electron transitions between three principal energy levels in the hydrogen atom. Which electron transition is associated with the absorption of a photon of the longest wavelength?
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(1)
15.
A sample of material contains 64 g of a radioactive isotope. After sixty minutes 2.0 g of the isotope remain. The half-life of this isotope is

A.
10 minutes.

B.
12 minutes.

C.
15 minutes.

D.
20 minutes.

(1)

16.
The diagram below shows four energy levels in an atom, together with some possible electron transitions.
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Which one of the following best represents the emission line spectrum produced from these transitions?
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(1)

17.
The masses of nuclei in a sample of uranium are determined using a mass spectrometer. Measurements suggest that some nuclei in the sample have double the mass of others.

Which of the following is the most likely explanation for this observation?

A.
Uranium nuclei are decaying radioactively.

B.
Several uranium isotopes are present.

C.
The uranium ions have different speeds.

D.
The uranium ions have different charges.

(1)
Quantum Physics Exam:  short answer.
Answer question 1 and 2, then choose 1 of the final 2 questions to answer completely.

1.
This question is about the Heisenberg uncertainty principle.

A beam of electrons is incident normally to the plane of a narrow slit as shown below.
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The slit has width x equal to 0.01 mm.

As an electron passes through the slit, there is an uncertainty x in its position.

(a)
Calculate the minimum uncertainty p in the momentum of the electron.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

(2)
(b)
Suggest, by reference to the original direction of the electron beam, the direction of the component of the momentum that has the uncertainty p.

...................................................................................................................................

(1)
(Total 3 marks)
2.
This question is about models of the hydrogen atom.


In 1913 Niels Bohr developed a model of the hydrogen atom which successfully explained many aspects of the spectrum of atomic hydrogen.

(a)
State one aspect of the spectrum of atomic hydrogen that Bohr’s model did not explain.

.....................................................................................................................................

.....................................................................................................................................

(1)


Bohr proposed that the electron could have only certain stable orbits. These orbits are specified by the relation

mvr = [image: image21.wmf]p
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where m is the mass of the electron, v its speed, r the radius of the orbit and h the Planck constant. This is sometimes known as Bohr’s first postulate.

(b)
State the other postulate proposed by Bohr.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(2)


By using Newton’s second law and the Coulomb law in combination with the first postulate, it can be shown that
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It can also be shown that the total energy En of the electron in a stable orbit is given by
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 (c)
Using these two expressions, deduce that the total energy En may be given as
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where K is a constant.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(3)

(d)
State and explain what physical quantity is represented by the constant K.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(2)

(e)
Outline how the Schrödinger model of the hydrogen atom leads to the concept of energy levels.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(2)

(Total 10 marks)

Choose 1 of the following 2 questions to answer completely (all parts).  Answer thoroughly and as completely as possible.
2.
This question is about photoelectric effect.


In the photoelectric effect, electrons are emitted from a metal surface when light of a suitable frequency is incident on the surface. The diagram below shows an arrangement for investigating some aspects of the photoelectric effect.
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P and Q are metal plates. Monochromatic light of frequency f is incident on plate P.
In the situation shown, the microammeter (A) registers a current. The intensity of the light is kept constant throughout the experiment.

(a)
As the potential difference between P and Q is increased, the current in the circuit decreases until it is zero. State and explain the polarity of the metal plate Q.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(3)

(b)
The potential difference in the circuit is increased until the current in the circuit just becomes zero. The potential difference is then kept constant. The frequency f of the light is increased to a new value and the intensity is kept constant. The microammeter again registers a current. Outline how Einstein’s theory of the photoelectric effect accounts for this observation.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(2)

(c)
Explain why in (b) as f is increased at constant intensity, the current registered by the microammeter decreases.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(2)

(d)
At a frequency f of 3.0×1015 Hz, the potential difference between P and Q at which the current just becomes zero is 8.0 V. The work function of the metal surface of P is 4.4 eV.


Determine a value for the Planck constant.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(3)

(Total 10 marks)

21.
This question is about the photoelectric effect.

(a)
State three pieces of evidence provided by the photoelectric effect that support the particle nature of electromagnetic radiation.

1.
................................................................................................................................


................................................................................................................................

2.
................................................................................................................................


................................................................................................................................

3.
................................................................................................................................


................................................................................................................................

(3)


The graph below shows the variation with frequency f of the stopping potential VS for photoelectrons emitted from a metal surface.
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The photoelectric equation may be written in the form of the word equation


photon energy = work function + maximum kinetic energy of electron.

(b)
(i)
State this equation in terms of f and VS, explaining all other symbols you use.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(3)

(ii)
Use your equation to deduce that the gradient of the graph is [image: image28.wmf]e
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...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(iii)
Given that the Planck constant is 6.6 × 10–34 J s, calculate a value for the work function of the surface.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(Total 10 marks)
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