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THE STANDARD MODEL 
 
1. [image: ]The diagram shows the apparatus used by Rutherford to investigate the scattering of alpha particles by a gold foil. 
 
From the observations made as the microscope and screen were moved from P to Q, Rutherford deduced that an atom has a nucleus which is: 
 
(a) positively charged; 
(b) massive; 
(c) much smaller than the volume of the atom. 
 
Explain how the observations from the scattering experiment led to these three 
	deductions. 	 3 
 
	 	 (3) 
 
 
 
 
2. About one hundred years ago Rutherford designed an experiment to investigate the structure of the atom.  He used a radioactive source to fire alpha particles at a thin gold foil target. 
 
 	His two assistants, Geiger and Marsden, spent many hours taking readings from the detector as it was moved to different positions between X and Y. 
 
[image: ] 
 
(a) How did the number of alpha particles detected at X compare with the number 
	 	detected at Y? 	 1 
 
(b) State three conclusions Rutherford deduced from the results. 	 3 
 
	 	 	        (4) 
 
 
3. Information on the properties of three elementary particles together with two types of quarks and their corresponding antiquarks is shown in the tables below. 
[image: ] 
 
(a) Using information from the tables above, show that a proton consists of two up 
	 	quarks and one down quark. 	 1 
 
(b) State the combination of quarks that forms a pi-meson. 	 1 
 
	 	 	 (2) 
 
4. The following strong interaction has been observed. 
K− + p  →  n + X 
 
The K− is a strange meson of quark composition ū s. 
 
The u quark has a charge of +2/3. 
 
The d quark has a charge of −1/3. 
 
(a) Determine the charge of the strange quark. 	 1 
 
(b) Use the appropriate conservation law to determine whether particle X is positive, 
	negative or neutral. 	 1 
 
(c) State whether particle X is a baryon or a meson.  Justify your answer. 	 2 
 
(d) State the quark composition of X.  Justify your answer. 	 2 
 	 	 
	 	 	 (6) 
5. The equation for a − decay can be written as:       n  →  p + − + v 
 
For each of these four particles, state its name, and where appropriate, its quark 
	composition. 	 (3) 
 
 
 
6. (a)    A conversation is overheard between two young pupils who are discussing their science lessons.  
 
 	Pupil A   “We learned in science today that the nucleus of an atom is made of protons   	                 which are positively charged and neutrons which have no charge.”  
 
 	Pupil B   “That’s interesting because we learned in science that like charges repel. How                               come the protons in the nucleus don’t fly apart?”  
 
 	Pupil A   “I don’t know.”    
 
             Write a paragraph that would explain to the pupils why the protons in a nucleus do  
             not fly apart. 	 	3 
   
(b) Protons and neutrons each contain two different types of quark: the up quark which has an electric charge of + 2/3  and the down quark which has an electric charge of – 1/3  .    
 
 	Use this information to show: 
 
(i) the overall charge on the proton is +1; 	 	1 
 
(ii) the overall charge on the neutron is zero. 	 	1 
 
(c) The Large Hadron Collider (LHC) accelerates beams of protons in opposite directions.  The protons are allowed to collide within a very small space, releasing a substantial amount of energy.   
 
             By referring to the equation E = mc2, explain how this produces a shower of particles. 1 
(6) 











FORCES ON CHARGED PARTICLES 
 
1. The apparatus shown in the diagram is designed to accelerate alpha particles. 
[image: ]
An alpha particle travelling at a speed of 2·60 × 106 m s−1 passes through a hole in plate A.  The mass of an alpha particle is 6·64 × 10−27 kg and its charge is 3·20 × 10−19 C. 
 
(a) When the alpha particle reaches plate B, its kinetic energy has increased to 
3·05 × 10−14 J.  Show that the work done on the alpha particle as it moves from 
	 	plate A to plate B is 8·1 × 10−15 J, 	 4 
 
(b) Calculate the potential difference between plates A and B. 	 3 
 
(c) The apparatus is now adapted to accelerate electrons from A to B through the  	same potential difference.  How does the increase in kinetic energy of an electron  	 compare with the increase in kinetic energy of the alpha particle in part (a)?  
	 	Justify your answer. 	 2 
 
	 	 (9) 
 
 
 
 
2. The diagram shows an arrangement which is used to accelerate electrons. The potential difference between the cathode and the anode is 2·5 kV. 
 
[image: ] 
 
Assuming that the electrons start from rest at the cathode, calculate the speed of an 
	electron just as it reaches the anode. 	 4 
 
	 	 (4) 
 
 
 
 
3. A particle accelerator increases the speed of protons by accelerating them between a pair of metal plates, A and B, connected to a power supply as shown below. 
[image: ]
The potential difference between A and B is 25 kV. 
 
(a) Show that the kinetic energy gained by a proton between plates A and B is 
	4·0 × 10−15 J. 	 3 
 
(b) The kinetic energy of a proton at plate A is 1·3 × 10−16 J. 
	Calculate the velocity of the proton on reaching plate B. 	 3 
 
(c) The plates are separated by a distance of 1·2 m. 
Calculate the force produced by the particle accelerator on a proton as it travels 
	between plates A and B. 	 3 
 
	 	 (9) 
 
4. The diagram below shows a cathode ray tube used in an oscilloscope. 
[image: ]
The electrons which are emitted from the cathode start from rest and reach the anode with a speed of 4·2 × 107 m s−1. 
 
(a) (i) Calculate the kinetic energy of each electron just before it reaches the anode.      3 
	 	(ii) Calculate the p.d. between the anode and the cathode. 	      3 
 
(b) Describe how the spot at the centre of the screen produced by the electron beam can be moved to position X. 
	 	Your answer must make reference in the relative sizes and polarity (signs) of the 
	voltages applied to plates P and Q. 	      2 
 
	 	 	     (6) 
5. The diagram below shows the basic features of a proton accelerator.  It is enclosed in an evacuated container. 
[image: ]
Protons released from the proton source start from rest at P. 
A potential difference of 200 kV is maintained between P and Q. 
 
	(a) What is meant by the term potential difference of 200 kV? 
 
	 
	     1 

	(b) Explain why protons released at P are accelerated towards Q. 
 
(c) Calculate: 
	 
	     1 

	 	(i) the work done on a proton as it accelerates from P and Q; 
	 
	     3 

	 	(ii) the speed of a proton as it reaches Q. 
	 
	     3 


 
(d) The distance between P and Q is now halved.  What effect, if any, does this change have on the speed of a proton as it reaches Q?  Justify your answer. 	      2 
 
	 	 	    (10) 
 
6. Identification of elements in a semiconductor sample can be carried out using an electron scanner to release atoms from the surface of the sample for analysis.  Electrons are accelerated from rest between a cathode and anode by a potential difference of 2·40 kV. A variable voltage supply connected to the deflection plates enables the beam to scan the sample between points A and B shown in the figure below. 
[image: ]
 
	(a) Calculate the speed of the electrons as they pass through the anode. 
 
(b) Explain why the electron beam follows: 
	 
	     3 

	 	(i) a curved path between the plates; 
	 
	     1 

	 	(ii) a straight path beyond the plates. 
	 
	     1 


 
(c) The anode voltage is now increased.  State what happens to the length of the sample scanned by the electron beam.  You must justify your answer. 	      2 
 
	 	     (7) 
7. A cyclotron is a particle accelerator which consists of two D-shaped hollow structures, called “dees”, placed in a vacuum. 
[image: ] 
The diagram below shows the cyclotron viewed from above. 
[image: ] 
(a) Protons are released from rest at point A and accelerated across the gap between the 
“dees” by a voltage of 2·00 kV. 
Show that the speed of the protons as they first reach the right hand “dee” is 
	6·19 × 105 m s−1. 	2 
 
(b) Inside the “dees” the electric field strength is zero but there is a uniform magnetic field.  This forces the protons to move in semi-circular paths when inside the “dees”. 
	State the direction of the magnetic field in the “dees”. 	1 
 
(c) While the protons are inside the “dee”, the polarity of the applied voltage is reversed so that the protons are again accelerated when they cross to the left hand “dee”. Calculate the speed of the protons as they first enter the left hand “dee”. 	2 
 

	(5) 

8. (a) A charged particle moves with a speed of 2·0 × 106 m s−1 in a circular orbit in a uniform magnetic field directed into the page as shown below. 
[image: ]
	State whether the charge on the particle is positive or negative. 	      1 
 
(b) An electron enters a uniform magnetic field at an angle to the magnetic field lines as shown below. 
[image: ]
	Explain the shape of the electron path in the magnetic field. 	      2 
 
(c) Charged particles which enter the Earth’s atmosphere near the North pole collide with air molecules.  The light emitted in this process is called the Aurora Borealis. In the figure below, the Earth’s magnetic field is indicated by continuous lines which show the magnetic field direction in the region surrounding the Earth.  The extent of the Earth’s atmosphere is also shown. 
[image: ]
Charged particles approach the Earth in the direction shown in the diagram.  Explain why these particles do not cause an aurora above the Equator. 	      2 
 
	 	     (5) 
NUCLEAR REACTIONS 
 
1. A smoke alarm contains a very small sample of the radioactive isotope Americium-241, represented by the symbol 
[image: ]
 
(a) How many neutrons are there in a nucleus of this isotope? 	      1 
 
(b) This isotope decays by emitting alpha particles as shown in the following statement. 
 
[image: ] 
 	 
(i) Determine the numbers represented by the letters r and s. 	      1 
(ii) Use the data booklet to identify the element T. 	      1 
 	    
	 	  	     (3) 
 
2. Some power stations use nuclear fission reactions to provide energy for generating electricity.  The following statement represents a fission reaction. 
[image: ] 
(a) Determine the numbers represented by the letters r and s in the above statement.      1 
 
(b) Explain why a nuclear fission reaction releases energy. 	      1 
 
(c) The masses of the particles involved in the reaction are shown in the table. 
[image: ]
	Calculate the energy released in this reaction. 
 
	 
	     5 

	 
	 
	    (7) 


3. A nuclear fission reaction is represented by the following statement. 
[image: ] 
(a) Is this a spontaneous or induced reaction?  You must justify your answer. 	      1 
 
(b) Determine the numbers represented by the letters r and s in the above reaction    .      1 
 
(c) Use the data booklet to identify the element represented by T. 	      1 
 
(d) The masses of the nuclei and particles in the reaction are given below. 
 
[image: ] 
 
	Calculate the energy released in the reaction. 	      5 
 
	 	     (8) 
 
 
 
4. The following statement represents a nuclear reaction which may form the basis of a nuclear power station of the future. 
[image: ] 
 
(a) State the name given to the above type of nuclear reaction. 	      1 
 
(b) Explain, using E = mc2, how this nuclear reaction results in the production of energy.   2 
 
(c) Using the information given below, and any other data required from the Data Sheet, calculate the energy released in the above nuclear reaction. 
	 	[image: ] 	      5 
 
	 	 	     (8) 
5. A ship is powered by a nuclear reactor. 
 
[image: ] 
 
One reaction that takes place in the core of the nuclear reactor is represented by the statement below. 
 
[image: ] 
 
(a) The symbol for the Uranium nucleus is    23592     U. 
 
	 	What information about the nucleus is provided by the following numbers? 
	

	 	(i) 92 	 
	     1 

	 	(ii) 235 	 
 
(b) Describe how neutrons produced during the reaction can cause further nuclear 
	     1 

		reactions. 	 
 
(c) The masses of the particles involved in the reaction are shown in the table. 
 
	     1 


[image: ] 
	 
	
	

	Calculate the energy released in the reaction. 
 
	 
	     5 

	 
	 
	    (8) 


 
 

6. Radium (Ra) decays to Radon (Rn) by the emission of an alpha particle. 
Some energy is also released by this decay. 
The decay is represented by the statement shown below. 
 
[image: ] 
 
The masses of the nuclides involved are as follows. 
 
[image: ] 
 
(a) What are the values of x and y for the nuclide     Rn?xy  	 	      1 
 
(b) Why is energy released by this decay? 	      1 
 
(c) Calculate the energy released by one decay of this type. 	      5 
 
	 	 	                  (7) 
 
 
 
7. Energy is released from stars as a result of nuclear reactions. 
One of these reactions is represented by the statement given below. 
 
[image: ] 
 
(a) What type of nuclear reaction is described by this statement?  	       1 
 
(b) Explain why this reaction results in the release of energy.  You should make reference 
	to an equation in your explanation. 	       2 
 
	 	 	     (3) 
 
 



 
WAVE PARTICLE DUALITY 
 
1. Ultraviolet radiation from a lamp is incident on the surface of a metal.  This causes the release of electrons from the surface of the metal. 
[image: ]
The energy of each photon of ultraviolet radiation is 5·23 × 10−19 J. The work function of the metal is 2·56 × 10−19 J. 
 
(a) Calculate: 
(i) the maximum kinetic energy of an electron released from this metal by this 
	radiation; 	      3 
(ii) the maximum speed of an emitted electron. 	      3 
 
(b) The source of ultraviolet radiation is now moved further away from the surface of the metal.  State the effect, if any, this has on the maximum speed of an emitted electron.  
	Justify your answer. 	      2 
 
	 	     (8) 
 
 
2. To explain the photoelectric effect, light can be considered as consisting of tiny bundles of energy.  These bundles of energy are called photons. 
 
(a) Sketch a graph to show the relationship between photon energy and frequency.     1 
 
(b) Photons of frequency 6·1 × 1014 Hz are incident on the surface of a metal. 
 
[image: ] 
	 
This releases photoelectrons from the surface of the metal. 
 
The maximum kinetic energy of any of these photoelectrons is 6·0 × 10−20 J. 
 
	

		Calculate the work function of the metal. 	 
 
(c) The irradiance due to these photons on the surface of the metal is now reduced. 
 
	     3 

	Explain why the maximum kinetic energy of each photoelectron is unchanged.  
 
	     1 

	 	 
	    (5) 


3. [image: ]A metal plate emits electrons when certain wavelengths of electromagnetic radiation are incident on it. 
 
  
 
 
 
 
 
 
 
When light of wavelength 605 nm is incident on the metal plate, electrons are released with zero kinetic energy. 
 
	(a) Show that the work function of this metal is 3·29 × 10−19 J. 	 
 
(b) The wavelength of the incident radiation is now altered.  Photons of energy 5·12 × 10−19 J are incident on the metal plate. 
 	(i) Calculate the maximum kinetic energy of the electrons just as they leave the 
	     5 

	 	 metal plate. 	 
 	(ii) The irradiance of this radiation on the metal plate is now decreased. 
	     1 

	 	 State the effect this has on the ammeter reading.  Justify your answer. 	 
 
	     2 

	 	  	 
	    (8) 


 
4. In 1902, P. Lenard set up an experiment similar to the one shown below. 
[image: ]
 
There is a constant potential difference between the metal plate and the metal cylinder. Monochromatic radiation is directed onto the plate.  Photoelectrons produced at the plate are collected by the cylinder.  The frequency and the irradiance can be altered independently.  The frequency of the radiation is set at a value above the threshold frequency. 
 
(a) The irradiance of the radiation is slowly increased. 
	Sketch a graph of the current against irradiance of radiation. 	      1 
 
(b) The metal of the plate has a work function of 3·11 × 10−19 J.  The wavelength of the radiation is 400 nm. 
	 	(i) Calculate the maximum kinetic energy of a photoelectron.  	(ii) The battery connections are now reversed. 
	 
	     4 

	 	 Explain why there could still be a reading on the ammeter. 
	 
	     1 

	 	  
	 
	    (5) 


5. An image intensifier is used to improve night vision.  It does this by amplifying the light from an object. 
 
Light incident on a photocathode causes the emission of photoelectrons.  These electrons are accelerated by an electric field and strike a phosphorescent screen causing it to emit light.  This emitted light is of a greater intensity than the light that was incident on the photocathode. 
 
[image: ] 
 
The voltage between the photocathode and the phosphorescent screen is 2·00 × 104 V. 
 
The minimum frequency of the incident light that allows photoemission to take place is 3·33 × 1014 Hz. 
 
(a) What name is given to the minimum frequency of the light required for photoemission 
	to take place? 	 
 
	     1 

	(b) (i) Show that the work function of the photocathode material is 2·21 × 10−19 J.  
 
 	(ii) Light of frequency 5·66 × 1014 Hz is incident on the photocathode. 
 	 Calculate the maximum kinetic energy of an electron emitted from the 
	     3 

		photocathode. 	 
	     4 


 
	 	(iii) Calculate the kinetic energy gained by an electron as it is accelerated from the 
	photocathode to the phosphorescent screen. 	      3 
 
	 	  	   (10) 
 
 
 
 
 






6. (a) The apparatus shown below is used to investigate photoelectric emission from the metal surface X when the electromagnetic radiation is shone on the surface. The frequency of the electromagnetic radiation can be varied. 
[image: ] 
(i) When radiation of a certain frequency is shone on the metal surface X, a reading is obtained on the ammeter. 
	 	 Sketch a graph to show how the current in the circuit varies with the irradiance of 
	the radiation. 	      2 
(ii) Explain why there is no reading on the ammeter when the frequency of the 
	 	 radiation is decreased below a particular value. 	      1 
 
(b) The maximum kinetic energy of the photoelectrons emitted from X is measured for a number of different frequencies of the radiation. 
The graph shows how this kinetic energy varies with frequency. 
[image: ] 
	(i) Use the graph to find the threshold frequency for metal X. 
(ii) The table below gives the work function of different metals. 
 
	 
	     1 

	Metal 
	Work function/J 

	Potassium 
	3·2 × 10−19  

	Calcium 
	4·3 × 10−19  

	Zinc 
	6·9 × 10−19  

	Gold 
	7·8 × 10−19  

	 
	

	Which one of these metals was used in the investigation? 
	     

	You must justify your answer using the information given in the table. 
 
	      3 

	 
	     (7) 




7. (a) It is quoted in a text book that 
“the work function of caesium is 3·04 × 10−19 J”. 
	Explain what is meant by the above statement. 	      1 
 
(b) In an experiment to investigate the photoelectric effect, a glass vacuum tube is arranged as shown below. 
 
[image: ] 
 
The tube has two electrodes, one of which is coated with caesium. 
Light of frequency 6·1 × 1014 Hz is shone on to the caesium coated electrode. 
 
(i) Calculate the maximum kinetic energy of a photoelectron leaving the caesium 
	coated electrode. 	      6 
(ii) An electron leaves the caesium coated electrode with this maximum kinetic 
	 	 energy. Calculate its kinetic energy as it reaches the upper electrode when the 
	 	 p.d. across the electrode is 0·80 V. 	      6 
 
(c) The polarity of the supply voltage is now reversed. 
Calculate the minimum voltage which should be supplied across the electrodes to 
	stop photoelectrons from reaching the upper electrode. 	      3 
 
	 	    (13) 
 
 














INTERFERENCE AND DIFFRACTION 
 
1. A student is carrying out an experiment to investigate the interference of sound waves.  She sets up the following apparatus. 
 
[image: ] 
 
The microphone is initially placed at point X which is the same distance from each loudspeaker.  A maximum is detected at X. 
 
(a) The microphone is now moved to the first minimum Y as shown. 
 
[image: ] 
 
	Calculate the wavelength of the sound waves. 	      3 
 
(b) Loudspeaker 1 is now disconnected. 
 
What happens to the amplitude of the sound detected by the microphone at Y? 
 
	Explain your answer. 	      2 
 
	 	     (5) 
 






2. Two identical loudspeakers X and Y are set up in a room which has been designed to eliminate the reflection of sound.  The loudspeakers are connected to the same signal generator as shown. 
 
[image: ] 
 
(a) (i) When a sound level meter is moved from P to T, maxima and minima of sound intensity are detected. 
 
	 	 Explain, in terms of waves, why the maxima and minima are produced.            2 
 
	 	(ii) The sound level meter detects a maximum at P. 
 
 	 As the sound level meter is moved from P, it detects a minimum then a maximum then another minimum when it reaches Q. 
 
	 	 Calculate the wavelength of the sound used. 	               3 
 
(b) The sound level meter is now fixed at Q. 
 
 	The frequency of the output from the signal generator is increased steadily from 200 Hz to 1000 Hz. 
 
(i) What happens to the wavelength of the sound as the frequency of the output is increased? 	         1 
 
(ii) Explain why the sound level meter detects a series of maxima and minima as 
	the frequency of the output is increased. 	       2 
 
	 	  	     (8) 
 





 
 
3. Loudspeakers 1 and 2 are both connected to the same signal generator which is set to produce a 1·00 kHz signal. 
 	Loudspeaker 1 is switched on but loudspeaker 2 is switched off. 
[image: ]
 
The speed of sound in air is 340 m s−1. 
 
State and explain, including an appropriate calculation, what happens to the amplitude of the signal picked up by the microphone when loudspeaker 2 is switched on. 	     3 
	 
 
4. A laser produces a narrow beam of monochromatic light. 
 
 	(a) Red light from a laser passes through a grating as shown. 
 
	          (3) 


[image: ] 
	A series of maxima and minima are observed.   
	

	Explain in terms of waves how a minimum is produced. 
 
(b) The laser is now replaced by a second laser, which emits blue light. 
 
	  1 

	 	Explain why the observed maxima are now closer together. 
	  1 


 
(c) The wavelength of the blue light from the second laser is 4·73 × 10−7 m.   The spacing between the lines on the grating is 2·00 × 10−6 m. 
 
	 	Calculate the angle between the central maximum and the second order maximum.  3 
 
	 	 	       (5) 
5. In an experiment, laser light of wavelength 633 nm is incident on a grating. 
 
 	A series of bright spots are seen on a screen placed some distance from the grating.  The distance between these spots and the central spot is shown. 
 
[image: ] 
 
(a) Calculate the number of lines per metre on the grating. 	4 
 
(b) The laser is replaced with another laser and the experiment repeated.  With this laser the bright spots are closer together. 
 
 	 	How does the wavelength of the light from this laser compare with that from the 
	original laser?  You must justify your answer. 	2 
 
 	 	 	(6) 
 
 
6. Light from a laser is shone onto a grating.  The separation of the slits on the grating is 5·0 × 10−6 m.  A pattern is produced on a screen as shown below. 
 
[image: ] 
 
(a) (i) The angle  between the central maximum and the 2nd order maximum is 14°. 
 	 	 Calculate the wavelength of the light produced by the laser. 	3 
 
 	 	(ii) A pupil suggests that a more accurate value for the wavelength of the laser 
light can be found if a grating with a slit separation of 2·0 × 10−6 m is used.   
 	 	 Explain why this suggestion is correct. 	2 
 
(b) The laser is replaced by a source of white light and the pattern on the screen changes to a white central maximum with other maxima in the form of continuous spectra on each side of the central maximum. 
 
[image: ] 
 
	 	 	Explain: 
	

	 	 	(i) why the central maximum is white; 
	1 

	 	 	(ii) why the other maxima are in the form of continuous spectra. 
 
	2 

	 	 	  
	(8) 


 
 
























REFRACTION OF LIGHT 
 
1. [image: ]A laser beam is used to investigate the refraction of light from water into air. 
 
A waterproof laser is placed in within a tank of water and the laser beam is directed towards the water surface as shown below. 
 
 
 
(a) The water in the tank has a refractive index of 1·33.  Describe what happens to the light at the water surface.  You must justify your answer by calculation. 	4 
 
 
(b) [image: ]The water in the tank is replaced by another liquid.  The position of the laser is altered so that the laser beam follows the path shown in the diagram below.  The angle 1 and the angle 2, as shown in the diagram, are measured. 
 
 
 
 
The measurements are repeated for different values of 1 and the corresponding values of 2.  The values of sin 1 and sin 2 are used to plot the graph shown below. 
[image: ]
	Use information from the graph to calculate the refractive index of the liquid. 	2 
 
 
(c) Light from the laser has a wavelength of 670 × 10−9 m.  Calculate the wavelength of the laser light when passing through a liquid which has a refractive index of 1·47. 	3 
 
 	 	(9) 
 
 
2. A ray of red light is incident on a semicircular block of glass at the midpoint of XY as shown. 
[image: ]
The refractive index of the block is 1·50 for this red light. 
 
(a) Calculate the angle  shown on the diagram. 	3 
 
(b) The wavelength of the red light in the glass is 420 nm. 
	 	Calculate the wavelength of the light in air. 	3 
 
(c) The ray of red light is replaced by a ray of blue light incident at the same angle.  The blue light enters the block at the same point. Explain why the path taken by the blue 
	 	light in the block is different to that taken by the red light. 	1 
	 	 	(7) 
 
3. A ray of red light is directed at a glass prism of side 80 mm as shown in the diagram below. 
[image: ]
(a) Using information from this diagram, show that the refractive index of the glass for 
	this red light is 1·52. 	3 
 
(b) What is meant by the term critical angle? 	1 
 
(c) Calculate the critical angle for the red light in the prism. 	3 
 
(d) Sketch a diagram showing the path of the ray of red light until it leaves the prism.  
	Mark on your diagram the values of all relevant angles. 	3 
 
	 	 	(10) 
4. (a) A ray of red light of frequency 4·80 × 1014 Hz is incident on a glass lens as shown. 
[image: ] 
 
The ray passes through point Y after leaving the lens. 
 
The refractive index of glass is 1·61 for this red light. 
 
	 	(i) Calculate the value of the angle  shown in the diagram.  
	3 

	 	(ii) Calculate the wavelength of this light inside the lens. 
	6 


 
 
 	(b) The ray of red light is now replaced by a ray of blue light. 
 
The ray is incident on the lens at the same point as in part (a). 
 
[image: ] 
Through which point, X, Y or Z, will this ray pass after leaving the lens? 
	You must justify your answer. 	1 
 
	 	(8) 
 
 
 
5. A decorative lamp has a transparent liquid in the space above a bulb.  Light from the bulb passes through rotating coloured filters giving red or blue light in the liquid. 
 
(a) A ray of red light is incident on the liquid surface as shown. 
 
[image: ] 
 
(i) Calculate the refractive index of the liquid for the red light. 	3 
 
(ii) A ray of blue light is incident on the liquid surface at the same angle as the ray of red light. 
 
	 	 The refractive index of the liquid for blue light is greater than that for red light.  Is 
the angle of refraction greater than, equal to or less than 82° for the blue light?  
	You must justify your answer. 	2 
 
(b) A similar lamp contains a liquid which has a refractive index of 1·44 for red light.  A ray of red light in the liquid is incident on the surface at an angle of 45° as before. 
 
Sketch a diagram to show the path of this ray after it is incident on the liquid surface. 
Mark on your diagram the value of all appropriate angles. 
	All relevant calculations must be shown. 	3 
 
	 	(8) 
 
 




 
6. (a) 	The diagram below shows the refraction of a ray of red light as it passes through a   	 	plastic prism. 
 
[image: ] 
	Calculate the refractive index of the plastic for this red light. 	 	3 
 
(b) The refractive index of a glass block is found to be 1·44 when red light is used. 
 	 
(i) Calculate the value of the critical angle for this red light in the glass. 	 	3 
 
(ii) The diagram shows the paths of two rays of this red light, PO and QO, in the glass block. 
[image: ] 
When rays PO and QO strike the glass-air boundary, three further rays of light are observed. 
Copy and complete the diagram to show all five rays. 
Clearly indicate which of the three rays came from P and which came from Q.  
	The values of all angles should be shown on the diagram. 	 	4 
 
	 	 	(10) 
7. A swimming pool is illuminated by a lamp built into the bottom of the pool. 
 
[image: ] 
 
Three rays of light from the same point in the lamp are incident on the water-air boundary with angles of incidence of 30°, 40° and 50°, as shown above. The refractive index of the water in the pool is 1·33. 
 
(a) Draw a diagram to show clearly what happens to each ray at the boundary.  Indicate on your diagram the sizes of appropriate angles.   
	 	All necessary calculations must be shown. 	 	5 
 
(b) An observer stands at the side of the pool and looks into the water. 
 	Explain, with the aid of a diagram, why the image of the lamp appears to be at a shallower depth than the actual depth of the bottom of the pool. 	 	2 
 
	 	 	 	(7) 


















SPECTRA 
 
1. The diagram shows a light sensor connected to a voltmeter.  
[image: ]
The reading on the voltmeter is 20 mV for each 1·0 mW of power incident on the sensor. 
 
(a) The reading on the voltmeter is 40 mV. The area of the light sensor is 8·0 × 10−5 m2. 
	Calculate the irradiance of light on the sensor. 	4 
 
(b) The small lamp is replaced by a different source of light.  The results show how the irradiance varies with distance. 
	Distance/m 
	0·5 
	0·7 
	0·9 

	Irradiance/Wm-2 
	1·1 
	0·8 
	0·6 


 
Can this new source be considered to be a point source of light? 
	Use all the data to justify your answer. 	2 
	 	(6) 
 
2. A student carries out an experiment to investigate how irradiance on a surface varies with distance from a small lamp.  Irradiance is measured with a light meter.  The distance between the small lamp and the light meter is measured with a metre stick. The apparatus is set up as shown in a darkened laboratory. 
[image: ]
The following results are obtained. 
	Distance from source/m 
	0·20 
	0·30 
	0·40 
	0·50 

	Irradiance/units 
	675 
	302 
	170 
	108 


 
(a) What is meant by the term irradiance? 	1 
 
(b) Use all the data to find the relationship between irradiance I and the distance d from 
	the source. 	2 
 
(c) What is the purpose of the black cloth on top of the bench. 	1 
 
(d) The small lamp is replaced by a laser.  Light from the laser is shone on the light meter.  A reading is taken from the light meter when the distance between it and the laser is 0·50 m.  The distance is now increased to 1·00 m.  Compare the new 
	reading on the light meter with the one taken at 0·50 m.  Justify your answer. 	2 
	 	 	(6) 
3. A particular atom has energy levels as shown below. 
 
[image: ] 
 
Transitions are possible between all these levels to produce emission lines in the electromagnetic spectrum. 
 
(a) How many lines are in the spectrum of this atom? 	1 
 
(b) Between which two energy levels does an electron transition lead to the emission of 
	radiation of the lowest frequency? 	1 
 
(c) Explain why some lines in the spectrum are more intense than other. 	1 
 
	 	 	(3) 
 
 
 

4. The line emission spectrum of hydrogen has four lines in the visible spectrum as shown in the following diagram. 
[image: ] 
These four lines are caused by electron transitions in a hydrogen atom from high energy levels to a low energy level E2 as shown below. 
[image: ] 
 
(a) From the information above, state which spectral line W, X, Y or Z is produced by 
	an electron transition from E3 to E2. 	1 
 
(b) Explain why lines Y and Z in the line emission spectrum are brighter than the other 
	two lines. 	1 
 
(c) Infrared radiation of frequency 7·48 × 1013 Hz is emitted from a hydrogen atom. 
 
	 	(i) Calculate the energy of one photon of this radiation. 
	3 

	 	(ii) Show by calculation which electron transition produces this radiation. 
 
	4 

	 	  
	(9) 


 
 
 
 
5. (a) A sodium vapour lamp emits bright yellow light when electrons make transitions from one energy level to another within the sodium atom. 
 
(i) State whether electrons are moving to a higher or lower energy level when the 
	light is emitted. 	1 
 
(ii) Using information provided in the data sheet, calculate the energy difference between these two electron energy levels in the sodium atom. 	5 
 
(b) A Bunsen flame contains vaporised sodium is placed between a sodium vapour lamp and a screen as shown. 
 
[image: ] 
 
	(i) Explain why a dark shadow of the flame is seen on the screen. 
 
(ii) The sodium vapour lamp is replaced with a cadmium vapour lamp. 
	1 

	 	 Explain why there is now no dark shadow of the flame on the screen. 
 
	1 

	 
	(8) 


 
 
 
 








 
UNCERTAINTIES AND EXPERIMENTS IN PARTICLES AND WAVES 
1. A student is investigating the effect that a semicircular block has on a ray of monochromatic light. 
[image: ] 
She observes that at point X the incident ray splits into two rays: 
 
T – a transmitted ray; R – a reflected ray. 
 
 
 
 
 
 
 
 
 
 
 
 	The student uses a light meter to measure the irradiance of ray R as angle  is changed. 
 
(a) State what is meant by the irradiance of a radiation. 	1 
 
(b) Explain why, as angle q is changed, it is important to keep the light meter at a 
	constant distance from point X for each measurement of irradiance. 
 
(c) The graph below is obtained from the student’s results. 
	1 


[image: ]
	 	(i) What is the value of the critical angle in the glass for this light? 
	1 

	 	(ii) Calculate the refractive index of the glass for this light. 
	3 

	 	(iii) As the angle  is increased, what happens to the irradiance of ray T? 
 
	1 

	 	  
	(7) 


2. An experiment to determine the wavelength of light from a laser is shown. 
 
[image: ] 
 
A second order maximum is observed at B. 
 
	(a) Explain in terms of waves how a maximum is formed. 
 
(b) Distance AB is measured six times.  The results are shown: 
 
 	1·11 m 	1·08 m 	1·10 m 	1·13 m 	1·11 m 	1·07 m 
 
 	(i) Calculate: 
	1 

	(A) the mean value for distance AB; 
	1 

	(B) the approximate random uncertainty in this value. 
 
 	(ii) Distance BC is measured as (270 ± 10) mm. 
	1 

	 	 Show whether AB or BC has the largest percentage uncertainty. 
 
 	(iii) The spacing between the lines on the gating is 4·00 × 10−6 m. 
Calculate the wavelength of the light from the laser. 
Express your answer in the form 
	2 

	wavelength  ±  absolute uncertainty. 
 
	4 

	 
	(9) 


 
 










 
3. The apparatus shown below is set up to determine the wavelength of light from a laser. 
 
[image: ] 
 
The wavelength of the light is calculated using the equations: 
 x 
  =  d sin    and   sin   =   L 
 
where angle  and distances x and L are shown in the diagram. 
 
(a) Seven students measure the distance L with a tape measure. 
 
Their results are as follows. 
 
2·402 m 2·399 m 2·412 m 2·408 m 2·388 m 2·383 m 2·415 m 
 
Calculate the mean value for L and the approximate random uncertainty in the mean.  2 
 
(b) The best estimate of the distance x is (91 ± 1) mm. 
	Show by calculation whether L or x has the largest percentage uncertainty. 	 2 
 
(c) Calculate the wavelength, in nanometres, of the laser light. You must give your answer in the form 
	 	final value  ±  absolute uncertainty. 	 4 
 
(d) Suggest an improvement which could be made so that a more accurate estimate of the wavelength could be made. 
You must use only the same equipment and make the same number of 
	measurements. 	 1 
 
	 	 (9) 
 
 



4. An extract from a student’s investigation diary is shown. 
 
9th November Investigation – Preventing damage from earthquakes. 
 
We found on the web that most of the energy of seismic waves from earthquakes is from waves close to a certain frequency. 
 
We carried out an experiment to find how the amplitude of vibration of the top of a building depended on the frequency of vibration of the ground. 
 
We used a flexible model of a building which was stuck to a horizontal plate that we vibrated at different frequencies. 
 
Here are the results. 
 
	Vibration frequency / Hz 	Amplitude of vibration / mm 
 
	0.5 	18 
	1.0 	32 
	1.5 	48 
	2.0 	49 
	2.5 	34 
	3.0 	10 
 
 
The student has taken six sets of readings and used the results to reach a conclusion. 
 
(a) Sketch a graph of the results. 	 	2 
 
(b) Using the information from your sketch graph write a conclusion for the experiment. 2 
 
(c) Suggest two improvements that the student could have made to the collection of 
	data for this investigation. 	 	2 
 
(d) Suggest any changes or extensions to the experiment that would make it more 
	useful in determining the effect of earthquakes on buildings. 	 	2 
 
	 	 	 	(8) 
 
 
 
OPEN-ENDED QUESTIONS IN PARTICLES AND WAVES 
 
1. Monochromatic light is shone onto a diffraction grating to produce an interference pattern on a screen. 
 
	Describe the significance of ‘diffraction’ on the production of an interference pattern. 	3 
  
 
2. A ray of light of wavelength 5·0 × 10–7 m is shone onto a diffraction grating. The spacing between the lines of the grating is 5·8 × 10–7 m. An interference pattern is observed on a screen. 
 
A student observing the pattern states that there is no limit to the number of maxima of intensity produced on the screen. 
 
Use your knowledge of physics to comment on this statement about the number of 
	maxima.  	 	3 
  
 
3. In an experiment a ray of red light and a ray of blue light pass through a triangular glass prism as shown. 
 
 
blue light
 
 
red light
 
red ligh
t
 
blue light
 
 

 
 
A student viewing this experiment makes the following statement about the refractive index of the glass and the frequency of the light.  
 
‘The refractive index of the glass depends on the frequency of light.’ 
 
	Use your knowledge of physics to comment on this statement. 	 	3 
 
 
 
4. A beam of blue light and a beam of red light are shone onto a screen.  
 
A student states that a beam of blue light will always produce a greater irradiance on the screen than the beam of red light. 
 	 
	Use your knowledge of physics to comment on this statement. 	 	3 
 
 
 
 

HIGHER PHYSICS

Unit 2Answers

Particles and Waves
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THE STANDARD MODEL

1. Alpha particles have a positive charge. It was therefore concluded that electrostatic repulsion from a like charge, of very large mass, was required to produce a large angle deflection. However, as large angle deflections were very rare, and most alpha particles were undeviated from their original path, it led Rutherford to conclude that most of the atom was empty space with the large positive mass concentrated at the centre of the atom.


2. (a) Number at X (very) a lot/much larger than Y.

    (b) Small nucleus compared to volume (size) of atom (1)
/Most of the atom is empty/(space).
/Mass of the atom is concentrated in the nucleus.
/Nucleus has a positive charge.
/atoms have a nucleus
Massive nucleus (0) + compared to ∝ (1)
Small nucleus (0) + compared to size of atom (1)


3. (a) charge 2 × ⅔ + 1 × –⅓ = e  
If both methods attempted baryon 2 × ⅓ + 1 × ⅓ = 1 (1) then deduct (½) for each error. 

(b) Down quark & anti up quark


4. (a) anti-up = –⅔   so s =  –⅓  in order for K to be -1.
    (b) K is -1 and p is +1 so charge on LHS =0.  Charge on RHS must be 0 and because n is 0, 
         X must also be 0 (neutral).   
   (c) Meson. Must be made of two quarks in order for there to be 5 quarks on each side.
   

5.  	n – neutron (udd)
P – proton (uud)
− - beta particle/electron
[image: ] - neutrino


6.  (a)  Reference to nuclear force   (1) 
   	Statement that nuclear force acts to oppose electric force   (1)   
   	Statement that nuclear force and electric force are balanced   (1)    
         
    (b)  Proton consists of 2 up quarks and 1 down quark   
     	 Proton charge = 2 × (2/3) + 1 × (–1/3)        = +1    (1)
      	Neutron consists of 1 up quarks and 2 down quarks       
      	Neutron charge = 1 × (2/3) + 2 × (–1/3)  = zero   (1)           

    (c)  E = mc2 shows that mass and energy are equivalent  (1)


FORCES ON CHARGED PARTICLES

1. (a) At A, Ek = ½ mv2 (1)
= ½ × 6.64 × 10-27 × (2.60 × 106)2 (1)
= 2.24 × 10-14 (J) (1)
Increase in Ek = work done between the plates
= 3.05 × 10-14 - 2.24 × 10-14 (1)
= 8.1 × 10-15 (J)

(b) W = QV 1)
8.1 × 10-15 = 3.2 × 10-19 × V (1)
V = 2.5 × 104 V (1) 

(c) Charge is smaller  → less work done  → smaller (increase in) kinetic energy (1)


2.       Ek = EW   (1)
    ½ mv2 = QV   (1)
           v2 = 2QV/m
               = 2 x 1.6 x 10-19 x 2500/9.11 x 10-31   (1)
            v = 29633694 ms-1 = 3.0 x 107 ms-1   (1)


3. (a) Ek = QV   (1)
              = 1.6 x 10-19 x 25000   (1)
              = 4.0 x 10-15 J   (1)

    (b) Ek = ½ m v2   (1)
          v2 = 2 x 4.13 x 10 -15 / 1.673 x 10-27   (1)
           v = 2.2 x 106 ms-1   (1)

    (c) 		        v2 = u2+ 2as   (1)
	 (3.942 x 105)2 = 0 + 2.4a   (1)
			a = 6.475 x 1010 ms-2   (1)

F = ma  so F = 1.673 x 10-27 x 6.475 x 1010 = 1.083 x 10-16 N


4. (a) (i) To calculate the kinetic energy(Ek) use : Ek = ½ mv2   (1)
	Ek = 9.11x10-31x(4.2x107)2/2   (1)
	Ek = 8.03x10-16 J   (1)

        (ii)  Ek(gain) = QV   (1)	
	V = Ek(gain)/Q
	V = 8.03x10-16/1.6x10-19   (1)
	V = 5021.9V   (1)

   (b) Plate P can be made more positive to attract the electron. This will move the spot up vertically towards X. Making Q more positive will attract the electron and move it horizontally
towards X. If plate Q is made twice as positive as plate P the combined effect will be to move the spot to position X.
5. (a) 200 kJ is 200 000 joules of energy transferred to each coulomb of charge. (1) 

(b) Protons have a positive charge. Charged particles in an electric field experience a force.
OR  Positive charge travels in direction of the field
OR  Positive charge attracted to negative tube/plate

(c) (i)    EW  =  QV      (1)                             
        =  1.6 × 10-19  × 200 × 103         (1)                            
        =  3.2  × 10-14 J                      (1)
(c) (ii)     ½ mv2  =  EW  (1)               
               ½  × 1.673  × 10 -27  × v2  =   3.2  × 10-14  (1)                          
              ( v2  =   3.83 × 1013 )        v  =  6.2 × 106  m s-1  (1)

(d) No effect/none  (1) − look for this first.     Q and V are constant (1)


6. (a)      ½ mv2 = QV    (1)
                    v2 = 2QV/m
                        = 2 x 1.6 x 10-19 x 2400/9.11 x 10-31   (1)
                     v = 29034973 ms-1 = 2.9 x 107 ms-1   (1)

(b) (i)  (Constant) force / acceleration / electric force / electric field in vertical direction / upwards / downwards 
(b) (ii) (Constant) motion / speed in horizontal direction
No (unbalanced) force / field / attraction acting on electron. (1)

(c) Length scanned decreases. (1)
vH increases / greater acceleration so shorter time between plates (1)
or vertical speed is less on leaving the plates.


7.(a)  		qV =  ½ mv2 (1)
1·60 × 10-19 × 2 × 103 = 0·5 × 1·673 × 10-27 × v2 (1)
v = 6·19 × 105 m s-1

(b) top to bottom

(c) Ek is doubled so v increases by √2  
     v = 6·19 × 105  x √2   (1)
     v = 8.75 x 105 m s-1   (1)


8. (a) positive

    (b) the component of the electron's velocity perpendicular to the magnetic field causes circular motion (1)  (or equivalent)
the component of the electron's velocity parallel to the magnetic field is unchanged (1)
(or no force on electron parallel to B)

   (c) Enter toward the poles (1)
move in circles/spirals (1) or never reach atmosphere above equator (1)


[bookmark: _GoBack]NUCLEAR REACTIONS

1. (a) 146 
(b) (i) r = 93 ½ 
s = 237 ½
(ii) T = Neptunium (OR Np) 1 or consistent with (b)(i) 


2. (a) 	 r = 95 ½ 
 s = 7 ½ 

(b) Total mass of reactants > total mass of products or loss of mass ½ (“missing” mass is converted into energy) ½  according to E = mc2 

(c) Total mass before = 390·173 × 10-27 + 1·675 × 10-27    = 3·91848 × 10-25 (kg)
Total mass after = 230·584 × 10-27 + 157·544 × 10-27 + (2 × 1·675 × 10-27)    = 3·91478 × 10-25 (kg)  (1)
Δm = 3·91848 × 10-25 - 3·91478 × 10-25 = 3·7 × 10-28 (kg)   (1)
E = mc2    (1)
   = 3·7 × 10-28 × (3 × 108)2  (1)
   = 3·3 × 10-11 J    (1)


3. (a) Induced – because a neutron added (1) or (0) fired in

    (b)  r - 55 
s - 95 (both for 1)

    (c) Element T – Rubidium or Rb (1)

    (d) Mass l.h.s. = (390.219 + 1.675) × 10-27 = 391.894 × 10-27 (kg)
         Mass r.h.s. = (227.292 + 157.562 + (4 × 1.675)) × 10-27 = 391.554 × 10-27 (kg)  (1)
         Loss in mass = 0.34 × 10-27 = 3.4 × 10-28 (kg)  (1)
         E = mc2   (1)
            = 3.4 × 10-28 × (3.0 × 108)2    (1)
            = 3.06 × 10-11 J   (1)


4.  (a)	The reaction is an example of nuclear fusion.

     (b) The total mass of the products from the fusion reaction is less than the mass of the initial reactants. The difference in mass is converted into energy. The amount of energy produced can be calculated using the equation: E = mc2, where m is the 	difference in mass and c is the speed of light.

    (c)	Mreactants = (5.00890x10-27+3.34441x10-27)kg = 8.35331x10-27kg
	Mproducts = (6.64632x10-27+1.67490x10-27)kg  = 8.32122x10-27kg   (1)
	Mass defect = 8.35331x10-27 - 8.32122x10-27    = 0.03209x10-27 kg   (1)
	E = Mdefectc2   (1)
	E = 0.03209x10-27 x (3x108)2   (1)
	E = 2.8881x10-12 J   (1)
5.  (a) (i) 92 = number of protons (in nucleus) (1)
         (ii) 235 = protons + neutrons OR total number of nucleons in nucleus. (1) OR 92p + 143n
  
        (b) neutrons released are absorbed/captured by/collide with another Uranium nucleus
   producing another fission/more splitting (1)
(more neutrons released to continue/repeat process) chain reaction on its own (0)

(c) mass before  = 390·173 x 10−27 +  1·675 x 10−27  = 391·848 x 10−27 (kg)  
mass after = 232·242 x 10−27 + 155·884 x 10−27 + 3·350 x 10−27 = 391·476 x 10−27 (kg) (1)
mass loss = 0·372 x 10−27 (kg)   (1)
E = mc2    (1)
E = 3·72 x10−28 x (3 x 108)2    (1)
E = 3·35 x 10−11 J   (1)



6.  (a) x = 222    y = 86

    (b) The mass decreases and the missing mass is changed into energy E = mc2

    (c) Total mass before = 3.75428 x 10-25 kg
         Total mass after = 3.75419 x 10-25 kg   (1)
Mass difference = 9 x 10-30 kg   (1)
Energy released E = mc2    (1)
                            = 9 x 10-30 x (3 x 108)2     (1)
                            = 8.1 x 10−13 J   (1)



7. (a) Two nuclei join in this nuclear reaction, therefore, it is described as a fusion reaction.

    (b) The mass of the product 189F is less than the sum of the masses of the two reactants, 
        147N and 42H. This difference in mass, called the mass defect(m), is converted into 
        energy (E).  The amount of energy is calculated using the equation E=mc2, where c 
        represents the speed of light. 





WAVE-PARTICLE DUALITY

1. (a) (i) Ek = hf – hfo    (1)
                       =  5·23 × 10-19 - 2·56 × 10-19    (1)
                       = 2·67 × 10-19 J   (1)

(ii) 		Ek = ½ mv2    (1)
       2.67×10−19  = ½ x 9.11 x 10-31 x v2    (1)
                     v = 7·66×105 m s-1   (1)

(b) No change (to maximum speed)/no effect
Energy/frequency of photons does not change or energy an electron receives is the same



[image: ]
2. (a) 







 (b) Photon energy = work function + kinetic energy
Work function = hf – hfo   (1)
Work function = (6.63 x 10-34 x 6.1 x 1014 x 10-19) – 6 x 10-20   (1)
                      = 3.44 x 10-19J   (1)

(c) Each photon still has same amount of energy




3. (a) f = v/λ    (1)
           = 3 x 108 /605 x 10-9 (1)
           = 4.96 × 1014 Hz   (1)

         E = hfo    (1)
            = 6.63 × 10-34 × 4.96 × 1014    (1)
                  = 3.29 × 10-19 (J)


    (b) (i) Ek = 5.12 × 10-19 – 3.29 x 10-19 = 1.83 × 10-19 J   (1)

        (ii) Current/Ammeter reading decreases (1)
    Irradiance decreases so fewer photons hitting plate per second so fewer electrons released/one electron per photon (1)


[image: ]4. (a)





    (b) (i) E= hf = hc/λ (1)
              E = 6·63 x 10−34 x 3·0 x 108    (1)   
	                400 x 10−9
       =   4·97 x 10−19   (1)
             Ek = 4·97 x 10−19 − 3·11 x 10−19 =  1·86 x 10−19 J    (1)

     b) (ii) Some electrons may have enough (kinetic) energy to travel from the (metal) plate
              to the (metal) cylinder (1)


5. (a) Threshold

    (b) (i) E = hf    (1)
                 = 6.63 x 10-34 x 3.33 x 1014    (1)
                          = 2.21 x 10-19J   (1)

	(ii) E = hf (1)
                  = 6.63 x 10-34 x 5.66 x 1014 (1)
                           = 3.75 x 10-19   (1)
	     Maximum Ek of emitted electron = 3.75 x 10-19 - 2.21 x 10-19J = 1.54 x 10-19J   (1)

	(iii) E = QV    (1)
                   = 1.6 x 10-19 x 2.0 x 104    (1)
                   = 3.2 x 10-15J   (1)

[image: ]
6. a) (i) 
	




a) (ii) Photons of light are absorbed by electrons in metal. Energy is directly proportional to frequency of photon.  If frequency drops below threshold frequency of the metal, electron does not have enough energy to be emitted. 

b) (i) The threshold frequency will provide electrons with just enough energy to overcome the work function of the metal and eject electrons with no excess kinetic energy. 
X-axis intercept = 6.7x1014Hz   This is the threshold frequency.

(ii) The work function is calculated using:
	Ework function = hfo	
	Ework function = 6.63x10-34 x 6.6x1014
	Ework function = 4.4x10-19 J
	This is closest to the work function of the metal calcium
7. a)	The minimum energy an electron needs to absorb to escape from an atom is called the
	 work function.

  b) (i)	Ephoton = hf   (1)
	Ephoton = 6.63x10-34 x 6.1x1014   (1)
	Ephoton  = 4.04x10-19 J   (1)

	Emax. kinetic = Ephoton - Ework   (1)
	Emax. kinetic = 4.04x10-19 - 3.04x10-19   (1)

	Emax. kinetic = 1.00x10-19 J   (1)

  b) (ii)Ektotal = Emax. kinetic + Efield   (1)

	Note:	Efield is the energy gained by the electron in the electric field.

	Efield = QV   (1)
	Efield = 1.6x10-19 x 0.8   (1)
	Efield = 1.28x10-19   (1)

	Ektotal = 1.00x10-19 + 1.28x10-19   (1)
	Ektotal = 2.28x10-19 J   (1)

  c)	To stop the photoelectrons the work done by the electric field must equal the 	maximum kinetic energy of the photoelectrons.
	Efield = Emax. kinetic   (1)
	QV = Emax. kinetic
	V  = Emax. kinetic/Q	
	V = 1.00x10-19/1.6x10-19   (1)
	V = 0.625V   (1)



INTERFERENCE AND DIFFRACTION

1. (a) Path difference = (m + ½) λ    (1)
0·34 = λ /½    (1)
λ = 0·68 m    (1)

    (b) Increases / greater as there is no longer destructive interference


2. (a) (i) A maxima occurs when two waves interfere constructively. This happens when waves  
	are in phase.
	A minima occurs when two waves interfere destructively. This happens when  the 
	two waves are 180o out of phase.

(a) (ii) 	Path difference = m + ½ λ   (1)
	 1.2 = 1.5 λ   (1)
	λ = 1.2/1.5 = 0.8m   (1)

 (b) (i)	The speed of sound is constant in air, therefore increasing the frequency will 
	decrease the wavelength. If the frequency is increased by a factor of 5 the
	wavelength will decrease by a factor of 5.

	Wavelength at 1000Hz = 1.2/5 = 0.24m

(b) (ii)	If the path difference is fixed at 1.2m this will represent a whole number of 
	wavelengths for certain frequencies and produce maxima, however, for other 
	frequencies this will represent a whole number of half wavelengths and produce 
	minima. For this reason a series of maxima and minima are produced.


3.	λ = v/f
	λ = 340/1000
	λ = 0.34m  (1)

	Path difference = (1.37-1.20)m = 0.17m   (1)

	This means that loudspeaker 2 is a distance of 0.17m further away	from the 
	microphone than loudspeaker 1. This is a distance equivalent to λ/2. Therefore, the 
	waves reach the microphone 180o out of phase and interfere destructively, reducing 
	the amplitude of the sound.   (1)


4. (a) waves meet out of phase must have waves meeting/combining or crest meets trough or 
path difference = (m + ½) λ

    (b) λ blue light is shorter (than λ red light) and mλ = d sinθ
Or  sinθ =mnλ /d

    (c) 	    	         nλ = d sinθ    (1)
2 × 4·73 × 10-7 = 2·00 ×10-6 sinθ    (1)
θ = 28·2°   (1)

5. (a) 	d sin θ = nλ	  (1)
	d sin 37/2 = 1 x 633 x 10−9 	   (1)
	d = 1·99 x 10−6 (m)   (1)
no. of lines per m = 1/d = 5·01 x 105 (lines/m)   (1)

    (b) (fringe width less) 	 so θ (or sin θ) less			 so d sin θ less 
but d and n are constant 		therefore λ less 

Alternative	path difference = mλ 	path difference less 	m is constant 
∴ λ is less 


6. (a) (i)	dsinΘ = mλ   (1)
		λ = 5.0x10-6sin14o/2	   (1)
		λ = 6.04x10-7m   (1)

   (a) (ii)	By decreasing the slit separation to 2.0x10-6m the distance between maxima, as well 
	as angle Θ, will increase. This will result in the measurement errors producing 
	smaller percentage errors, and therefore lead to a more accurate value of λ.

  (b) (i)	White light is made up of many different wavelengths of light. At the position of the
	central maximum there is no path difference between any pair of waves of a 
	particular wavelength. These waves are in phase and interfere constructively to 
	produce a bright band of white light.

  (b) (ii)	All other maxima are in the form of a continuous spectra because constructive
	interference, of each wavelength produced by the source, takes place at a different
	position on the screen. This leads to a bright band of each colour where that
	wavelength is interfering constructively.




REFRACTION OF LIGHT

1. (a)	  sin θc = 1/n   (1)
	Θcritical = sin-1(1/1.33)   (1)
	Θcritical = 48.75o   (1)

	As the incident angle is greater than the critical angle the light is totally internally
	reflected.   (1)

    (b)	The refractive index of the new material is equal to the gradient of the graph.
	n = 0.4/0.28   (1)
	n = 1.43   (1)	

    (c)	λliquid = λair/n    (1)
	λliquid = 670nm/1.47    (1)
	λliquid = 455.8nm   (1)



2.	 (a)	sinθ1 /sinθ2 = n    (1)
  		sin50 /sinθ2 = 1.50 	  (1) 	 
θ2 = 31o (30.7o)    (1)

   	 (b) 	n = λ1/λ2	    (1)	
1.5 = λ1/420	 (1)
		λ1 = 630 nm   (1)

 (c) Blue light has a higher/larger/different frequency
     due to a larger/different refractive index.
     refracts more/at a greater/different angle


3. (a) 	sinθ1 /sinθ2 = n   (1)
sin20 /sin13 = n   (1)
n = 1.52   (1)

    (b) The angle of incidence at which total internal reflection takes place.   (1)

    (c) 	sin θc = 1/n	 (1)
= 1/1.52    (1)
θc = 41o    (1)
[image: ]
    (d) 








4. (a) (i) 	sinθ1 /sinθ2 = n   (1)	
sin28 /sinθ2 = 1.62   (1)	 	
θ2 = 17o   (1)

(ii) λair = vair /f    (1)   	
	= 3 x 108/4.8 x 1014    (1)	 	
	= 6.25 x 10-7 m    (1)

    	λglass = λair/n    (1)	
	= 6.25 x 10-7/1.61    (1) 		
	= 3.88 x 10-7 m    (1)		

    (b) Ray will pass through point X
Refractive index for blue light > refractive index for red   OR   Blue refracted more




5. (a) (i) sinθ1 /sinθ2 = n	(1)	
    n = sin 82/sin45    (1)
       = 1.40   (1)

    (a) (ii) n x sin θliquid = sin θair		
      But sin θliquid = constant and nblue > nred   so  sin θair is now greater	
    hence θair greater (than 82°)
    OR Since 45° constant then n α sin θair
    then sin θair larger so θair larger than 82°

[image: ]
(b) 







 sin θc = 1/n   = 1/1.44
 sin θc = 44o
45° > 44° so total internal reflection











6.a.	nplastic = sinΘair/sinΘplastic	  (1)
	nplastic = sin15o/sin10o	(1)
	nplastic = 1.49    (1)

  b.i.	  sin θc = 1/n   (1)
	Θc = sin-1(1/1.44)   (1)
	Θc = sin-1(0.694)
	Θc = 44.0o   (1)

  b.ii.	Ray Q will be refracted and partially reflected.
	Ray P will be totally internally reflected because the incident angle of 45o is greater
	than the critical angle.	
[image: mhtml:file://\\highlandcouncil.gov.uk\curriculum\Personal\Staff\MoseleyA\Downloads\Higher%20Physics%201997%20PII%20Solutions%20(2).mht!http://www.webtribe.net/~malloyac/1997p2Q9bii.GIF]	
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7. a.	   sin θc = 1/n   (1)
	Θc = sin-1(0.752)   (1)
	Θc = 48.7o   (1)









[image: ]
	
  b.	To an observer the light appears to originate from where the broken rays cross. This
produces a virtual image of the lamp at the apparently shallower depth.




SPECTRA

1. (a) Power = 40/20 = 2 mW  (1)
P = I × A   (1)
2 × 10-3 = I × 8 × 10-5    (1)
I = 25 W m-2    (1)

(b) For point source  I1 d12 = constant	
 I1 d12 = 1·1 × 0·52 = 0·28		I2 d22 = 0·8 × 0·72 = 0·39		I3 d32= 0·6 × 0·92 = 0·49 
So NO, IT IS NOT A POINT SOURCE


2. (a) Energy per second/power (incident) square metre/on unit area. (1)
Produced (0)
I = P/m2 (0) on own.
I = P/A
I = nhf (0) Watts per square metre

(b)   	d      0.20   0.30   0.40   0.50 
I        675    302    170    108 
I d2    27.0   27.2   27.2   27.0

Statement: Id2 = constant 		OR	 I α 1/d2        OR     Id2 = 27 
OR
Plot graph I against 1/d2
Values 1/d2 25 11.1 6.25 4
Use all four points to obtain a straight graph through the origin. 
Statement: I α 1/d 2 OR Id 2 = constant

(c) Black cloth absorbs light/ Black cloth prevents reflections (from the bench top)
Reduce glare from bench   OR   Meter receives light only from the bulb. (1)

(d) (approx.) the same reading. (1)
Laser beam – does not spread out/diverge/is parallel (1)
OR Intensity of laser light is the same over a (short) distance
Expect reading to be slightly less. (1) − look for first
Laser beam - shows very little divergence (1)


3. a. 	Possible transitions :	 E3 -> E2		E3 -> E1		E3 -> E0
				E2 -> E1		    E2 -> E0	        E1 -> E0
		
	A total of 6 lines are in the spectrum.

   b.	Low frequency radiation will be produced when the transition 
	is between energy levels with a small energy gap.
	The smallest energy gap is between levels E3 and E2.

   c.	Transitions between certain states will be more frequent than others.
	The more frequent a transition, the more intense the spectral line will be.
4.a.	Photon produced by the transition between the energy levels E3 and E2has the lowest energy of the four in the diagram. This lowest energy photon will also have the longest wavelength,which is Z.  

  b.	The more photons of a particular frequency emitted the brighter the spectral line
	will be. This means that there must be more electron transitions between the energy
	levels producing the lines Y and Z.

  c.i.  	E = hf   (1)
	E = 6.63x10-34x7.486x1013      (1)
	E = 4.96x10-20J   (1)

  c.ii.	ΔE54 = E5-E4   (1)
	ΔE54 = -0.864x10-19-(-1.360x10-19)   (1)
	ΔE54 = 4.96X10-20J   (1)

	The transition between energy levels E5 and E4 produces the infrared photon.   (1)




5.a.i.	Electrons are moving from a high to low energy level within the atom.
	A photon of light is emitted when this happens.

  a.ii.	λsodium yellow = 589nm   (1)
	Ephoton = hf
	Ephoton = hc/λ   (1)
	Ephoton = 6.63x10-34x3x108/589x10-9   (1)
	Ephoton = 3.38x10-19J   (1)

	The photon energy and the energy difference are equal.
	Edifference = 3.38x10-19J   (1)
	
  b.i.	Photons emitted from the sodium lamp and passing through the flame containing
 	vaporised sodium will be absorbed by sodium electrons. This means that sodium 
	light passing through the flame will be reduced in intensity and produce a dark
 	shadow behind the flame.

  b.ii. 	There is no energy gap in cadmium with the same energy as a photon emitted
	from the sodium lamp. Therefore, no absorption will take place and there will
	be no shadow region.


UNCERTAINTIES AND EXPERIMENTS

1. (a)	 Intensity = power per unit area
	OR	 Intensity = number of watts per m2
	OR	Intensity = incident power/area it falls on

   (b) 	Intensity depends on distance (squared)

   (c)	 (i) 41o

	(ii) n = 1/sin Θc   (1)
	        = 1/sin41    (1)
  	        = 1.52    (1)

	(iii) decreases



2.  (a)  maximum - constructive interference makes bigger crest /bigger amplitude
	or Waves meet - in phase / in step
	or crest & crest and trough & trough
	or path difference is nλ



    (b) (i) (A) Mean AB = (1.11 + 1.08 + 1.10 + 1.13 + 1.11 + 1.07)/6 = 1.10m

       	 (B) Random uncertainty = (1.13 – 1.07)/6 = 0.01 m


      (ii)  	% AB = 0.01/1.10(× 100) = 0.9 %
	% BC = 10/270(× 100) = 3.7 %
	(BC has the larger percentage uncertainty)

     (iii)	nλ = d sinθ    (1)
	2 x λ = 4.00 × 10-6 × (0.270/1.10)   (1)
	λ = 4.91 × 10-7 (m)   (1)
	3.7% of 4.91 × 10-7 = 0.18 × 10-7 (½)
	λ = (4.91 × 10-7 ± 0.18 × 10-7) m   (1)







3.a.	Mean(L) = Total/Number of readings
	Mean(L) = (2.402+2.399+2.412+2.408+2.388+2.383+2.415)/7
	Mean(L) = 16.807/7
	Mean(L) = 2.401m

	Random Error(L) = Range/Number of readings
	Random Error(L) = (Max-Min)/N
	Random Error(L) = (2.415-2.383)/7
	Random Error(L) = 0.032/7
	Random Error(L) = 0.005m

  b.	Percentage error in L = [Random Error(L)/Mean(L)]x100
	Percentage error in L = [0.005/2.401]x100
	Percentage error in L = 0.21%
 
	Percentage error in x = [Random Error(x)/Mean(x)]x100
	Percentage error in x = [1/91]x100
	Percentage error in x = 1.1%

	The measurement with the largest percentage error is x.

  c.	λ= dsinΘ   (1)
	λ = dx/L   
	λ = 1.693x10-5 x 91x10-3/2.401   (1)
	λ = 641.66nm   (1)

	The percentage error in λ can be taken to	be equal to the percentage error in x, as 
	this is the largest individual error.

	1.1% of 641.66nm = (1.1/100)x641.66 = 7.06nm
	λ = (641.66 +- 7.06)nm   (1)
  
  d.	Increasing the distance between the grating and the screen reduces the percentage 
	error of L and, more significantly, x.

[image: ]
4.  (a)   	Peak in approx correct position (1)       
	Ends of graph in approx correct position (1) 
	Indication of axes scales required            

     (b)  	Amplitude of peak has a peak frequency at or  
	  about 2 Hz    (1)          

     (c)  	Repeat measurements (1) 
	More measurements, especially close to and on either side of the peak (1)            

     (d)  	Any valid investigation  
	Examples include: Finding the relationship between the frequency that results in the 
	peak amplitude and height of a building (i.e. resonant frequency vs height) 
	Investigating how to reduce the amplitude of vibration (i.e structural improvements)     
	Brief plan of how investigation would be undertaken
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Ultraviolet radiation causes the emission of
photoelectrons from a zinc plate.
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Light from a point source is incident on a screen. The screen is 3-Om from the source.
The irradiance at the screen is BOWm™.
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Aray of red light travels from air into water.

Which rov: in the table describes the change, if any, in speed and frequency of a ray of red
light as it travels from air into water?

Speed Frequency
A increases increases
3 increases stays constant
c decreases stays constant
D decreases decreases
E | stays constant decreases
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A student makes the following statements about this diagram.

| The separation of the field lines indicates the strength of the field.

11 The arrows on the field tines indicate the direction in which an electron would move if
placed in the field.

Il The point charge is positive.

Which of these statements is/are correct?
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The following statement represents a fission

reaction.

U+ o Ba+ BMo + 20n + 70
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An isotope of uranium decays into an isotope
of protactinium in two stages as shown.

2 e n
WU —— TUTh —— WiPa

stage | stage 2

Which row in the table identifies the
radiations which must be emitted at cach

stage

stage | stage 2

alpha gamma
B beta gamma

gamma beta

_

D beta alpha |

alpha beta





image43.jpg
“The spectrum of white light from a filament
lamp may be viewed using 4 prism or a
grating

A student, usked 0 compare the spectra
formed by the two methods, makes the
following starements,

I The prism produces @ spectrum by
refraction and the grating produces a
spectrum by interference

11 The specrum formed by the prism
consists of all the wavelengths present in
the white light and the spectrum formed
by the grating consists of only a few
specific wavelengths.

HE The prism produces a single spectrum
and the grating produces more than one
spectrum.

Which of the statements is/are correct?
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An isotope of uranium decays into an isotope
of protactinium in two stages as shown.
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“The spectrum of white light from a filament
lamp may be viewed using 4 prism or a
grating

A student, usked 0 compare the spectra
formed by the two methods, makes the
following starements,

I The prism produces @ spectrum by
refraction and the grating produces a
spectrum by interference

11 The specrum formed by the prism
consists of all the wavelengths present in
the white light and the spectrum formed
by the grating consists of only a few
specific wavelengths.

HE The prism produces a single spectrum
and the grating produces more than one
spectrum.

Which of the statements is/are correct?
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An oscilloscope is connected to the output
terminals

Jf a signal generator

The trace displayed on the screen is shown
below

I 1 div

1div

The timebase of the oscilloscope is set at
30ms/div.

“The frequency of the output signal from the
signal generator is

A 42 x 107 H
B 83 %107 Hz
C 028 Hz
D +2Hz
E 8:3Hz




image53.jpg
evacuated chamber thin gold foil

lead shield

zinc sulphide
screen attached

alpha particle source to microscope




image54.jpg
detector
(microscope fitted with
zinc sulphide screen)

alpha particle source gold foil target




image55.jpg
Properties of elementary particles

J §
Particle Number of Charge Baryon
quarks number
Proton +e 1
Antiproton —e -1
Pi-meson —e 0
Properties of quarks and antiquarks
Particle Charge Baryon
number
: 2 1
Up quark +5e +3
Down quark - +1
d 3¢ 3
Anti-up quark 2y _1
3 3
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DATA SHEET

COMMON PHYSICAL QUANTITIES

Quantity Symbol Value Quantity Symbol Value
Speed of light in
vacuum c 3-00 x 10°ms™ Planck’s constant h 6:63 % 10_14]s
Magnitude of the
charge on an
electron e 1-60 x 1077 C Mass of electron m, 911 x 107! kg
Universal Constant
of Gravitation G 6:67 x 107! mzkg s | Miass of neutron my, 1-675 x 1077 kg
Gravitational
acceleration on Earth g 9-8ms Mass of proton m, 1673 x 102 kg
Hubble’s constant H, |23x% 10718671

REFRACTIVE INDICES

The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of 273 K.

Substance Refractive index | Substance Refractive index
Diamond 2:42 Water 1-33
Crown glass 1-50 Air 1-00

SPECTRAL LINES
Element Wavelength/nm Colour Element Wavelength/nm Colour
Hydrogen 656 Red Cadmium 644 Red
486 Blue-green 509 Green
434 Blue-violet 480 Blue
410 Violet I3
397 Ultraviolet R
389 Ultraviolet Element Wavelength/nm Colour
. Carbon dioxide 9550 Infrared
Sodium 589 Yellow 10590
Helium-neon 633 Red
PROPERTIES OF SELECTED MATERIALS
Substance Density/kg m? Melting Point/K Boiling Point/K
Aluminium 2:70 x 10° 933 2623
Copper 8:96 x 10° 1357 2853
Ice 9-20 x 10 273
Sea Water 1:02 % 10° 264 377
Water 100 x 10° 273 373
Air 1-29
Hydrogen 90 x 107 14 20

The gas densities refer to a temperature of 273 K and a pressure of 1-01 x 10° Pa.
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Ultraviolet radiation causes the emission of
photoelectrons from a zinc plate.

The irradiance of the ultraviolet radiation on
the zine plate is increased.

Which row in the table shows the effect of this
change?

Number o
Maximum A
kinetic energy of a | Photoclectrons
8 emitted
photoelectron
per second
A | increases no change
B | nochange increases
€ | nochange no change
D | increases increases
E | decreases increases
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A student writes the following statements
about electric fields.

I There is a force on a charge in an electric
field.

II When an electric field is applied to a
conductor, the free electric charges in the
conductor move.

IIT Work is done when a charge is moved in
an electric field.

‘Which of the statements is/are correct?

A Tonly

IT only

I and 1T only
I and 11T only
I, IT and III
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