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Name:               


Teacher:
Number of Questions:   21
Number of Marks:         45

Time Allowed:              45 Minutes
The information and diagram provided below refer to Q1 – Q3
The photoelectric effect is observed when light of a high enough frequency is incident on a particular metal.  Einstein explained this experiment by assuming that the energy from one photon was transferred fully to an electron and when the incident radiation was of a high enough frequency enough energy would be given to the electron to remove it from the metal.
Light of a single frequency is shone on a potassium surface. The voltage across the cathode and the anode can be varied.  The stopping potential is found to be -0.47V for light of frequency 6.6x1014Hz.
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Question 1
What is the meaning of the term “stopping potential” when used in this context?

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

2 Marks

Question 2
Calculate the work function for potassium. Express your answer in electron volts.

3 Marks

Question 3
Which one or more of the following statements is true for the experiment set out previously?

A. An increase in the intensity of the incident light would result in an increase of the maximum kinetic energy of the photoelectron emitted.
B. An increase in the intensity of the incident light would result in an increase in the current measured in the circuit.

C. An increase in the frequency of the incident light would result in an increase of the maximum kinetic energy of the photoelectron emitted.

D. An increase in the frequency of the incident light would result in an increase in the current measured in the circuit.

E. An increase in the frequency of the incident light would result in a more negative value for the stopping potential applied.
2 Marks

The information  below refers to Q4 – Q9
The following graph represents the relationship between the maximum kinetic energy of photoelectrons ejected from sodium and the frequency of the incident light.
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Question  4
What is the maximum kinetic energy of a photoelectron ejected from sodium when a source of light with a frequency of 8.0x1014 Hz is incident on the sodium surface?  Express your answer in electron volts.

2 Marks
Question  5
Calculate the energy of a photon of light with a frequency of that in the previous question.


2 Marks
Question 6
Red light has a wavelength of approximately 400nm.  Would red light incident on the sodium give rise to the emission of photoelectrons?  Justify your answer by comparing the energy of an incident photon of red light with the work function of sodium.
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

4 Marks
Question 7
Another metal with a threshold frequency of 7x1014Hz is compared to sodium.  Sketch a graph of the maximum kinetic energy of emitted photoelectrons against frequency of incident radiation for this new metal on the following axis.
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Question 8
Calculate the work function for this new metal.

2 Marks

Question 9
Calculate the Maximum kinetic energy of a photoelectron ejected from the new metal that has absorbed a photon from a 15x1014Hz source.


2 Marks


The following information refers to Q10 – Q15
An electron gun is used to provide a beam of electrons that are focused on two very narrow slits. As shown in the diagram below.  The electron gun is made up of two electrodes with a potential difference of 100V.  Assume the electrons are stationary before they are accelerated by the electric field between the two plates.



Question 10
Calculate the velocity of the electron once it has been accelerated across the 100V potential difference.

3 Marks
Question 11
Calculate the de Broglie wavelength of an electron in this beam.


2 Marks
Question 12
The screen is a photographic plate that shows where the electrons hit the screen.  When developed, an interference pattern could be seen.  Suggest why an interference pattern could be observed when particles were used instead of a wave?

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

2 Marks
Question 13
If you were to repeat the experiment with visible light what would you expect to see happen to the separation between adjacent bright bands in the interference pattern?  Suggest reasons for this.
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

2 Marks
Question 14
When the experiment was repeated using x-rays, it was found that the interference pattern was a very similar pattern to that observed when using electrons.  Explain why this would occur.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

2 Marks
Question 15
One of the slits was covered over and an interference pattern was still produced when x-rays were used. Explain how this pattern is formed using the wave model of light.
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

2 Marks

The following information refers to Q16 - 18
A particular atom has energy levels depicted by the following diagram.

Question 16
Calculate the frequency of light required to raise an electron in the ground state up to the 2nd excited state.


2 Marks
Question 17
On the diagram above, draw in the three possible transitions as the electron in the excited state, releases energy to return to the ground state.
1 Mark
Question 18
Calculate the wavelength of the photon that results from the electron moving between the smallest of these energy gaps as it returns to the ground state from the second excited state. Give answer in nanometers.

2 Marks
Question 19
Use the Bohr model of the atom and the wave-like nature of electrons to explain why electrons in a particular atom can only exist in discrete energy levels.  Draw labeled diagrams to aid your explanation.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

4 Marks

Question 20
Calculate the momentum of a photon with a wavelength of 440nm.


2 Marks

Question 21
In the table below give 3 examples of evidence that supports the particle model of light and the wave model of light.  There is no need to explain how each one supports that particular model.

	Evidence for Particle Model
	Evidence for Wave Model

	
	

	
	

	
	


2 Marks
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