UNIT 4 - OUTCOME 3 (A)

Test task

On completion of this unit the student should be able to relate aspects of the wave-particle model to the nature of light and matter.

Criterion 1 (7 marks)

Knowledge and application of appropriate physics terms, concepts and relationships.

· Application of key knowledge and skills about the area of study, throughout the task, with clear definitions and explanations.

· Appropriate use of accepted physics symbols, SI units and accepted terminology.

· Clear labeling of diagrams and graphs.

Criterion 2 (7 marks)

Analysis, interpretation and synthesis of information.

· Analysis, interpretation and synthesis of information about the context, from a variety of sources.

· Explanation and use of significant aspects of the key knowledge and skills relevant to the area of study.

· Detailed and accurate discussion demonstrating a sophisticated level of understanding of the relationships between key knowledge and skills.

Criterion 3 (6 marks)

Calculation of physical quantities and correct use of significant figures in measurements and calculations.

· Appropriate level of accuracy and manipulation of data, resulting in the calculation of physical values and explanation of physical relationships.

· Accurate measurements and calculations with a correct treatment of significant figures.

· Correct calculation and use of physical quantities, significant to the context at a level of mathematics outlined in the study design.

Name:


Roll No:


Line:
1
3
5
10

QUESTION 1

A group of students carries out an experiment to investigate the photoelectric effect. They shine light from a monochromatic source onto a clean plate inside a glass tube as shown in Figure 1. 
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The current between the plates changes when the voltage is varied as shown in Figure 2.


(a)
What is the maximum kinetic energy of the electrons ejected from plate Z? 

Give your answer in joules. [1 eV = 1.6-19 J] (2 marks)

The students now replace the monochromatic light source with one that emits a higher frequency.

(b)
How does this change affect the stopping potential? 

Justify your answer using appropriate physics principles.  (2 marks)





QUESTION 2


Light falls on a metallic surface and produces a photoelectric current.  This current may be prevented from flowing by using a reverse bias or potential difference as shown in the circuit below. 
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The potential difference V which is just sufficient to prevent electrons passing from the cathode to anode is called the stopping potential and varies with the frequency of the incident radiation.

Experimental results gave these values.

Frequency (Hz)
Stopping Potential (Volts)

7.5 x 1014
1.48

6.9 x 1014
1.30

6.1 x 1014
0.73

5.5 x 1014
0.64

5.2 x 1014
0.33

The following graph is plotted by using these results

(a)
Explain how this graph is obtained. (3 marks)





(b)
Determine Planck’s constant from these results. Show you working. (2 marks)

(c)
What was the work function for this surface? Show your  working.  (2 marks)

(d)
How does the graph change when the surface is replaced with one that has a work function of 5.5 x 10-19 J? Show any calculations.   Give appropriate values where necessary. (3 marks)

QUESTION 3

Five energy levels of hydrogen are shown in 

the diagram.  Photons of wavelength 487.0 nm 

are absorbed by hydrogen between any energy levels.

Show this absorption process by means of an arrow

on the energy level diagram.  (1 mark)

QUESTION 4

Mercury vapour lamps produce a bright light.  

The diagram shows some of the energy levels 

on the outermost electron in a mercury atom.


(a)
Explain how spectral lines are obtained.  (3 marks)





(b)
Determine the wavelength of the spectral line associated with the transition between the energy levels E3 and E2.   Show your working.  (3 marks)

(c)
In this mercury lamp the atoms are excited to energy level E4.  How many spectral lines will be seen from this mercury lamp.  Justify your answer.  (3 marks)




QUESTION 5 

Patrick Rafter smashes a return of serve at a speed of 190 km hr-1 during a recent Wimbledon semi‑final tennis match. The tennis ball has a mass of 60 g.

(a) 
Calculate the de Broglie wavelength of the tennis ball.    Show your working.  (2 marks)

(b) 
Calculate the de Broglie wavelength for an electron travelling at a speed of 2.0 x 107 m s-1.  Show your working.  (1 mark)

(c) 
Explain why it is possible to observe interference and diffraction effects with electrons but not with tennis balls.  (2 marks)






(d) 
Use the axes below to sketch the relationship between the wavelength of an electron and its momentum.  (1 mark)


QUESTION 6
The energy levels for a particular atom are shown in Figure 5.


(a)
Calculate the energy (in Joules) of the photon emitted when an electron drops from the second excited state to the ground state.  Show your working. (1mark)

(b)
What is the wavelength of this photon?  Show your working. (2 marks)

(c) 
Calculate the minimum energy in Joules required to ionise this atom.  Show your working.  

(1 mark)

QUESTION 7
During the course of a science experiment, students insert a green filter in a Hodson light box. A single ray of light of wavelength 540 nm emanates from the light box with a power of 20 W.


(a) 
Calculate how many photons leave the Hodson light box in any 5 second interval while the light is switched on.  Show your working.   (2 marks)

(b) 
What is the momentum of each photon?  Show your working.  (1 mark)

(c) 
Black paper absorbs the photons.  What is the force exerted on the paper by the photons.   Show your working.  (3 marks)

UNIT 4 - OUTCOME 3 (B)

Test task

On completion of this unit the student should be able to relate aspects of the wave-particle model to the nature of light and matter.

Criterion 1 (7 marks)

Knowledge and application of appropriate physics terms, concepts and relationships.

· Application of key knowledge and skills about the area of study, throughout the task, with clear definitions and explanations.

· Appropriate use of accepted physics symbols, SI units and accepted terminology.

· Clear labeling of diagrams and graphs.

Criterion 2 (7 marks)

Analysis, interpretation and synthesis of information.

· Analysis, interpretation and synthesis of information about the context, from a variety of sources.

· Explanation and use of significant aspects of the key knowledge and skills relevant to the area of study.

· Detailed and accurate discussion demonstrating a sophisticated level of understanding of the relationships between key knowledge and skills.

Criterion 3 (6 marks)

Calculation of physical quantities and correct use of significant figures in measurements and calculations.

· Appropriate level of accuracy and manipulation of data, resulting in the calculation of physical values and explanation of physical relationships.

· Accurate measurements and calculations with a correct treatment of significant figures.

· Correct calculation and use of physical quantities, significant to the context at a level of mathematics outlined in the study design.

Name:


Roll No:


Line:
1
3
5
10

QUESTION 1

A group of students carries out an experiment to investigate the photoelectric effect. They shine light from a monochromatic source onto a clean plate inside a glass tube as shown in Figure 1. 











The current between the plates changes when the voltage is varied as shown in Figure 2.


(a)
What is the maximum kinetic energy of the electrons ejected from plate Z? 

Give your answer in joules.  [1 eV = 1.6 x 10-19 J] (2 marks)

The students now replace the monochromatic light source with one that emits a lower frequency.

(b)
How does this change affect the stopping potential? 

Justify your answer using appropriate physics principles.  (2 marks)





QUESTION 2


Light falls on a metallic surface and produces a photoelectric current.  This current may be prevented from flowing by using a reverse bias or potential difference as shown in the circuit below. 
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The potential difference V which is just sufficient to prevent electrons passing from the cathode to anode is called the stopping potential and varies with the frequency of the incident radiation.

Experimental results gave these values.

Frequency (Hz)
Stopping Potential (Volts)

7.5 x 1014
1.90

6.9 x 1014
1.80

6.2 x 1014
1.36

4.3 x 1014
0.71

3.2 x 1014
0.48

The following graph is plotted by using these results


(a)
Explain how this graph is obtained.  (3 marks)





(b)
Determine Planck’s constant from these results. Show your reasoning.  (2 marks)

(c)
What was the work function for this surface?  Show your working.   (2 marks) 

(d) How does the graph change when the surface is replace with one that has a work function of 

1.0 x 10-19 J? Show any calculations.   Give appropriate values where necessary.  (3 marks)

QUESTION 3

Five energy levels of hydrogen are shown in 

the diagram.  Photons of wavelength 451.6 nm 

are absorbed by hydrogen between any energy levels.

Show this absorption process by means of an arrow

on the energy level diagram.  (1 mark)

QUESTION 4

Mercury vapour lamps produce a bright light.  

The diagram shows some of the energy levels 

on the outermost electron in a mercury atom.


(a)
Explain how spectral lines are obtained.  (3 marks)





(b)
Determine the wavelength of the spectral line associated with the transition between the energy levels E3 and E2. (3 marks)

(c)
In this mercury lamp the atoms are excited to energy level E4.  How many spectral lines will be seen from this mercury lamp.  Justify your answer.  (3 marks)




QUESTION 5 

Patrick Rafter smashes a return of serve at a speed of 170 km hr-1 during a recent Wimbledon semi‑final tennis match. The tennis ball has a mass of 80 g.

(a) 
Calculate the de Broglie wavelength of the tennis ball.    Show your working.  (2 mark)

(b) 
Calculate the de Broglie wavelength for an electron travelling at a speed of 3.0 x 107 m s-1.   Show your working.  (1 mark)

(c) 
Explain why it is possible to observe interference and diffraction effects with electrons but not with tennis balls.  (2 marks)







(d) 
Use the axes below to sketch the relationship between the wavelength of an electron and its momentum.  (1 mark)


QUESTION 6
The energy levels for a particular atom are shown in Figure 5.


(a)
Calculate the energy (in Joules) of the photon emitted when an electron drops from the second excited state to the ground state.  Show your working. (1mark)

(b)
What is the wavelength of this photon?  Show your working. (2 marks)

(c) 
Calculate the minimum energy in Joules required to ionise this atom.  Show your working.  

(1 mark)

QUESTION 7
During the course of a science experiment, students insert a green filter in a Hodson light box. A single ray of light of wavelength 540 nm emanates from the light box with a power of 25 W.


(a) 
Calculate how many photons leave the Hodson light box in any 15 second interval while the light is switched on.  Show your working.   (2 marks)

(b) 
What is the momentum of each photon?  Show your working.  (1 mark)

(c) 
Black paper absorbs the photons.  What is the force exerted on the paper by the photons. Show your working.  (3 marks)
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