
13. Gravitational fields 
 
Define gravitational potential at a point 

-​ Work done per unit mass 
-​ In moving the mass from infinity to that point 

 

 
a.​ Explain why the gravitational potential at X is negative. 

-​ Gravitational potential at infinity is zero.  
-​ Work is done by (two) masses in moving them closer together OR work is 

done on (two) masses in moving them apart. 
 
b.​ State an expression, in terms of Φ, for the gravitational potential at Y due to the 

planet. 
-​ –4Φ 

 
NOTE: gravitational potential is only dependent on the mass of the object creating 
the gravitational field.  
 
c.​         

 Satellite X Satellite Y 

Gravitational field Φ / 4R 4Φ / R  



strength at satellite due 
to planet 

Gravitational potential 
energy of satellite  

–MΦ –8MΦ 

 
State what is indicated by the direction of the gravitational field line at a point in a 
gravitational field. 

-​ Direction of the force acting on a test mass placed at that point.  
 
Explain, with reference to gravitational field lines, why the gravitational field near 
the surface of the Earth is approximately constant for small changes in height. 

-​ change in height negligible compared with radius of Earth. 
-​ so field lines are effectively parallel. 

 

 
a.​ Determine an expression for Y in terms of M and R. Identify any other 

symbols that you use. 
-​ Y = GM / R2 

-​ G is the gravitational constant  
 

b.​ Explain why, at the surface of the sphere, g always has the opposite sign to x. 
-​ gravitational force is (always) attractive OR gravitational force (always) acts 

towards the centre of the sphere 
-​ force is in opposite direction to displacement OR at a point to the right of the 

centre, force acts to the left OR at a point to the left of the centre, force acts to 
the right.  



 
c.​       

Complete Fig. 1.2 to show the variation of g with x for values of x, up to ±3R, 
for which point P is outside the sphere.​



​

 
-​ At 2R, g will become ¼ and at 3R, g will become 1/9. Plot these values.  

 
State Newton’s law of gravitation. 

-​ Gravitational force is directly proportional to the product of the masses  
-​ And inversely proportional to the square of their separation.  

 
Explain why there is a point X on the line between the centres of the Earth and the 
Moon where the resultant gravitational field strength due to the Earth and the Moon 
is zero. 

-​ Fields due to earth and moon have equal magnitude 
-​ But act in opposite directions  

 

 
There is a point X on the line between the centres of the Earth and the Moon where 
the resultant gravitational field strength due to the Earth and the Moon is zero. 
Calculate the distance x of point X from the centre of the Moon. 



 
 

14. Temperature 
 
Explain why temperature measured using a laboratory liquid-in-glass thermometer 
does not give a measurement of thermodynamic temperature. 

-​ Measurement depends on the properties of the liquid 
 

 
a.​ Explain how Fig. 2.2 shows that platinum is a suitable metal for use in a 

resistance thermometer. 
-​ resistivity varies with temperature 
-​ variation with temperature is linear 
-​ unique value of resistivity for each different value of temperature 



 
b.​ Suggest a reason why a platinum resistance thermometer is not suitable for 

measuring a rapidly changing temperature. 
-​ thermometer has high heat capacity/specific heat capacity OR energy transfer 

needed for thermometer to reach correct temperature OR thermometer takes 
time to reach the correct temperature 

 
c.​ A negative temperature coefficient thermistor may be used as a type of 

resistance thermometer. State one way in which the variation with temperature 
of the resistance of a thermistor differs from that of a platinum wire. 

-​ variation is inverse OR variation is non-linear 
 
Suggest a type of thermometer that is suitable for measuring a rapidly changing 
temperature. 

-​ Thermocouple  
 
Define specific heat capacity. 

-​ thermal energy per unit mass to change temperature 
-​ thermal energy per unit change in temperature 

 
NOTE: ​
when asked to state the unit of specific heat capacity, always give it in J kg–1 K–1 

 
15. Ideal gases 

 
State what is meant by an ideal gas. 

-​ gas for which pV ∝ T  
-​ where p is pressure, V is volume, and T is thermodynamic temperature 

 
Use one of the basic assumptions of the kinetic theory to explain what can be 
deduced about the potential energy associated with the random motion of 
molecules in an ideal gas. 

-​ no intermolecular forces 
-​ so potential energy is zero 

 
NOTE: 

-​ Internal energy = total KE + PE of molecules  
-​ For ideal gas, PE = 0 
-​ Internal energy = total KE = 3/2 NkT 

 



NOTE:​

 
-​ N: number of molecules (of the gas)  
-​ m: mass of one molecule (of the gas)  
-​ <c2>: mean square speed (of molecules)  

 
Gas at the surface of a star has a very high pressure. Use the basic assumptions of 
the kinetic theory to suggest why, in practice, a gas at the surface of a star is 
unlikely to behave as an ideal gas. 

-​ very high pressure so molecules are very close together  
-​ forces between molecules are not negligible OR volume of molecules not 

negligible compared with gas volume 
 

16. Thermodynamics 
 

 
a.​ Explain whether the work done on the gas is positive or negative. 

-​ gas is expanding against external pressure 
-​ gas does work / work is done by gas, so work done on gas is negative 

 
b.​ Determine the magnitude of the thermal energy q transferred to the gas.  

 
 

c.​ Calculate the specific heat capacity of the gas for this process. Give a unit 
with your answer. 

 
 

d.​ The gas in now heated at constant volume rather than at constant pressure. 
The increase in internal energy of the gas is the same. Use the first law of 



thermodynamics to explain whether the specific heat capacity of the gas for 
this process is less than, the same as, or greater than the answer in c. 

-​ Same gain in internal energy so same temperature rise.  
-​ no change in volume so no work done OR no work done so less thermal 

energy needed for same change in internal energy.  
-​ less thermal energy needed for same temperature change, so lower specific 

heat capacity.  
 
 

 

 



 
-​ Work done in AB = p∆V = 1.2 x 105 x (0.24 – 0.08) = 19.2 kJ 
-​ Work done in BC = 0, because there is no change in volume  
-​ Increase in internal energy in CA = 0, because no increase in temperature 
-​ The internal energies should add up to give 0, because the gas returns to its 

original pressure and volume.  
 

17. Oscillations 
State what is meant by resonance. 

-​ oscillation of object at maximum amplitude 
-​ when driving frequency = natural frequency of system 

 
Explain the decrease with time of the amplitude of the oscillations of a lightly 
damped oscillator. 

-​ oscillations lose energy 
-​ due to resistive forces acting on oscillator  

 



 
Frequency of oscillations = 4.0Hz 
Vibration generator is switched on and its frequency f of vibration is gradually 
increased from 0 to 10Hz. Sketch the variation with f of the amplitude of the 
oscillations of the ball. 

 
-​ Natural frequency = 4Hz.  
-​ Maximum amplitude when driving frequency = natural frequency.  

 
State what is meant by simple harmonic motion. 

-​ (motion in which) acceleration is directly proportional to displacement.  
-​ (motion in which) acceleration is (always) in the opposite direction to 

displacement OR acceleration is (always) directed towards a fixed point.  
 
State how a–x graph shows that the motion of an oscillator is simple harmonic. 

-​ Straight line passing through origin shows that a is directly proportional to x. 
-​ Negative gradient shows that a acts in opposite direction to x. 

 



​

​
w= 2.8 rad s–1 
 
a.​ Determine k. Give a unit with your answer.

 
NOTE: using the same units on both sides method, you get the unit of k as rad2 s–2 m. 
Since rad is just a unit for small angle, ignore it and unit becomes m s–2 . 
 
b.​ While the pendulum is oscillating, the length of the string is increased in such a 

way that the total energy of the oscillations remains constant. Suggest and 
explain the qualitative effect of this change on the amplitude of the oscillations. 

-​ Increasing L causes w to decrease OR 

 



-​ So amplitude increases 
 

18. Electric fields 
Define electric field. 

-​ force per unit charge 
-​ force on positive charge 

 

 
a.​ Draw the path of an electron as it moves between and beyond the plates. 

-​ smooth curve within plates and straight lines outside plates. 
-​ direction of deflection shown as upwards. 

 
b.​ A uniform magnetic field is now applied in the region of the electric field, so 

that the electron travels undeviated. Explain, with reference to the forces 
exerted by the two fields, why the path of the electron is undeviated. 

-​ forces are in opposite directions 
-​ undeviated when magnitudes of forces are equal 

 
Define electric potential at a point. 

-​ Work done per unit charge. 
-​ Work done on charge in moving positive charge from infinity to the point. 

 



 
a.​ State three conclusions that can be drawn about the spheres from Fig. 5.1. The 

conclusions may be qualitative or quantitative. 
-​ radius of sphere X is 2.0 m, radius of sphere Y is 4.0 m, radius of Y is double 

the radius of X.  
-​ charge on X is negative, charge on Y is positive, spheres carry opposite 

charges.  
-​ magnitudes of charges on the spheres are equal. (use equation V = Q / 4πE0r) 

 
b.​ A positively charged particle is placed at point P such that x = 12m. The particle 

is released. Describe and explain the subsequent motion of the particle. 
-​ particle is attracted to X or repelled from Y OR resultant force on particle is 

towards X / away from Y / to the left.  
-​ particle accelerates towards X / away from Y / to the left.  
-​ magnitude of acceleration of particle increases.  

 
19. Capacitance 



 
Explain the shape of the line in Fig. 6.2. 

-​ p.d. across capacitor proportional to charge on capacitor 
-​ p.d. across capacitor = p.d. across resistor  
-​ current in resistor proportional to p.d. across resistor 
-​ current in resistor = rate of decrease of charge on capacitor 
-​ charge proportional to current so current decreases as rate of decrease of 

charge decreases, therefore exponential shape 
 
NOTE: in a circuit for discharging capacitor: resistor, capacitor and switch are all in 
series. The capacitor acts as the power supply, since there is no other power supply. 
Thus p.d. across the capacitor = p.d. across the resistor.  
 

20. Magnetic fields 
Define magnetic flux density. 

-​ force per unit length 
-​ force per unit current 
-​ length / current perpendicular to field 



 

 
a.​ Determine the direction of the uniform magnetic field. 

-​ Vertically downwards 
 
Explaining this entire figure 



-​ Electric field is vertically upwards, so electric force acts vertically upwards.  
-​ The electric force alone causes the sphere to remain at a fixed vertical height, 

so this means that the electric force would be equal to weight. FE = mg  
-​ Now magnetic field causes the sphere to move in a circular path.  
-​ Which means, magnetic force = centripetal force that acts towards the centre 

of the circle at all times.  
-​ When figuring out direction of magnetic field, ignore the electric field lines.  
-​ Use LH rule- taking middle finger as velocity of sphere (current), thumb as 

magnetic force (which is perpendicular to velocity), and the index shows 
direction of field as into the page.  

-​ When you look back at fig. 2.1, into the page corresponds to vertically 
downwards from the side view.  

 
b.​ Explain why the motion of the sphere in the horizontal plane is circular. 

-​ magnetic force (on sphere) is perpendicular to its velocity 
-​ magnetic force perpendicular to velocity is the centripetal force OR magnetic 

force perpendicular to velocity causes centripetal acceleration OR 
acceleration perpendicular to velocity is centripetal (acceleration) OR 
magnetic force does not change the speed of the sphere OR magnetic force 
has constant magnitude 

 
c.​ Calculate the strength of the uniform electric field.​

​
     

d.​ By considering the magnetic force on the sphere, show that the flux density of 
the uniform magnetic field is 0.14T.

 
 
Define magnetic flux. 

-​ product of magnetic flux density and area 
-​ where area is perpendicular to the magnetic field  

 



NOTE: unit of magnetic flux linkage is just Wb.  
 
Induced emf = rate of change of flux linkage!! 
 

 
a.​ State how Fig. 6.2 shows that the electromotive force (e.m.f.) E induced across 

the terminals between t = 0 and t = 0.60s is constant.  
-​ Straight line  

 
b.​ The procedure in is repeated, but this time the terminals of the coil are 

connected together. State and explain the effect on the coil of connecting the 



terminals together during the change of magnetic flux density shown in Fig. 
6.2. 

-​ induced e.m.f. causes current flow in the coil (because the circuit is now 
complete) 
either 

-​ current in magnetic field causes forces to act on the coil 
-​ opposite sides of coil forced inwards 

or 
-​  current causes dissipation of energy in the resistance of the coil  
-​  temperature of the coil rises 

 
21. Alternating currents 

 

 
a.​  



 
 
b.​ Use your answer in (a) to determine an expression, in terms of I0 and R, for the 

mean power <P> in the resistor. 
-​ 5/2I0²R 

 
c.​ Use your answer in (a) to determine an expression, in terms of I0 and R, for the 

root-mean-square current Ir.m.s in the resistor.  

 
 
State what is meant by peak voltage 

-​ The maximum voltage of an alternating voltage. 
 
State what is meant by root-mean-square voltage 

-​ The value of steady/ constant voltage 
-​ That produces same power in a resistor as the alternating voltage 

OR 
-​ If the alternating voltage is squared and averaged 
-​ The rms value is the square root of this average value 

 
State the meaning of rectification 

-​ Process of converting alternating current into direct current.  
 
State the meaning of smoothing 

-​ The reduction in the variation of the output current/voltage.  
 



 
State how the ripples in the graph can be reduced 

-​ A capacitor with greater capacitance 
-​ A resistor with larger resistance 

 

 

 
 
 
 
 
 
 
 
 



Ans: 

 

 
 
An alternating voltage with frequency 40Hz is applied to a piezoelectric crystal in 
air. State and explain: 

-​ The effect this has on the air surrounding the crystal: 
-​ Alternating voltage causes the crystal to vibrate 
-​ Vibrations of the crystal cause the air to vibrate 

 
-​ Which quantity must change if the crystal were to be used in an ultrasound 

transducer?  
-​ The frequency of the vibrations must be increased 
-​ Frequency of 40Hz is too low for ultrasound 

 



 
Ans: 

 
 



 
Ans: 

 
 
Explain, by referring to the heating effect, what is meant by the r.m.s value of an 
alternating current.  

-​ The direct/ steady current 
-​ That dissipates heat/ thermal energy at the same rate in a resistor OR that 

produces the same power dissipation/ heating effect in a resistor.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ans:  

 
 

 
Ans:  

 
 



 
Ans: 

-​ Adjust the time-base to 8ms div–1 

-​ Adjust the y-gain to 80V div–1 
 

 

 
 

 
Explain why the wire oscillates 

-​ The wire has a magnetic field 
-​ The wire’s magnetic field interacts with the uniform magnetic field 



-​ The current flowing through the wire alternates 
-​ The magnetic field around the wire also alternates 
-​ The force on the wire alternates direction  

 

 
Ans: 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ans:  

 

 

 
 
In reality, the oscillations of the wire are not symmetrical. Explain why.  

-​ The wire oscillates up and down/ vertically.  
-​ Fleming’s left-hand rule shows this.  



-​ Resultant force on the wire when moving upwards < resultant force on the 
wire when moving downwards 

-​ Because the wire’s weight acts downwards. ​
Resultant force downwards = 40N + weight.  

 

 
Draw what should be done for smoothing of the pd across the dc output 

 
 



 
Ans: 
t1 – t2 
 

22. Quantum physics 
 
State observed phenomena that led scientists to believe that EM radiation was a 
wave.  

-​ Diffraction 
-​ Interference   
-​ Refraction  
-​ Polarisation  

 
State experiments showing that EM radiation can exhibit particle properties. 

-​ Photoelectric effect 
-​ Atomic line spectra 

 
Define photon 

-​ A discrete quantum of electromagnetic radiation.  
 



 
Ans: 

 



 
Ans: 

 
 

 
Ans:  

​
​



NOTE: Can’t use p = E/c for this, as that equation only applies for momentum of a 
photon!!!! 
 

 

 
Ans: 

 



 
 

 
Explain the meaning of each term in the photoelectric equation 

-​ hf = energy of a single photon.  
-​ ∅ = minimum energy required to release a photoelectron from the metal 

surface.  
-​ ½mv2

max =  maximum kinetic energy of a photoelectron emitted from the metal 
surface.  

 
Outline how the photon model of light is used to explain the photoelectric effect.  

-​ Light is made of photons, each carrying an energy E = hf.  
-​ Photons are absorbed by electrons in a 1:1 ratio.  
-​ Photoelectrons are released immediately from the metal surface.  
-​ If the electron gains sufficient energy/ energy exceeding the work function 

(from the photon).  
 

No photoelectron emission is observed from the metal surface when incident light 
is below a certain frequency. Outline why wave theory for light cannot explain this 
observation.  

-​ All waves transfer energy regardless of wavelength.  
-​ Over time, enough energy should accumulate/ build up to emit electrons.  



 
Ans: 

 
 
Outline what is meant by work function.  

-​ Minimum energy required to emit an electron from the metal surface.  



-​ With zero/ no kinetic energy.  
 
Outline what is meant by threshold frequency.  

-​ Minimum frequency of an incident photon.  
-​ Required to emit an electron from the metal surface.  

 
Describe phenomena associated with the photoelectric effect that cannot be 
explained using a wave theory of light.  

-​ No photoelectrons are emitted from metal surface below the threshold 
frequency.  

-​ The emission of a photoelectrons from the metal plate is instantaneous.  
-​ Maximum kinetic energy of emitted photoelectrons is dependent on 

frequency of incident photon/ light. 
-​ Maximum kinetic energy of emitted photoelectrons is independent of 

instensity of incident radiation/ light.  
 

 

​
 
 



Ans: 

 
 

 
 
 
 
 
 
 



Ans: 

 
 

 
Ans: 

 



 
 

 
Describe conclusions that can be drawn from the graph (quantitative or qualitative) 

-​ There is a threshold frequency below which no photoelectrons are emitted.​
OR the threshold frequency is 1.6 x 1014 Hz.  

-​ There gradient of the line is the Planck’s constant (h).​
OR the gradient of the line is 6.63 x 10–34 J s.  

-​ The work function of the metal is calculated to be 1.06 x 10–19 J.  
-​ Emax increases linearly with increasing frequency.  

 
State and explain how the graph would compare when: 

a.​ The same metal is used, but with EM radiation of intensity I/2. 
-​ Look the same/ line would be unchanged.  
-​ Because the photons have the same energy/ photon energy is 

independent of intensity.  
 

b.​ A different metal is used, but the intensity I of the radiation is the same.  
-​ Have the same gradient, but different x-intercept.  
-​ Because the threshhold frequency would be different.  

 



The frequency of radiation incident on a surface is decreased, while the power 
remains constant. State and explain the effect of this change on: 

a.​ The maximum kinetic energy of the photoelectron.  
-​ The photon energy decreases, for the same work function.  
-​ So the maximum kinetic energy will decrease.  

 
b.​ The rate of emission of the photoelectron.  

-​ The lower the photon energy, with the same power, will increase the 
number of photons per unit time.  

​  
 

 
State the direction of the electric field between the plates, given the photocurrent is 
at a maximum. Explain your answer.  

-​ Maximum photocurrent means all emitted electrons are collected at plate A.  
-​ If all emitted photoelectrons are collected, plate A must be at a higher 

potential than plate B; plate A must be positively charged. 



-​ Hence, the direction of the electric field is from plate A to plate B.  
 

NOTE: the only way you can ensure maximum photocurrent, is to attract the 
electrons to a positively charged region (A). if the field were pointing the other way, a 
photocurrent may still be detected, but not at a maximum. Some electrons may be 
emitted with too little KE to overcome the opposing electric field.  
 
Show that the maximum possible speed of the photoelectron as they reach plate A 
is approximately 1.5 x 106 m s–1.  
 

 



 
 
NOTE: Maximum speed of photoelectrons = speed due to maximum kinetic energy 
on release from metal surface + speed due to energy supplied by travveling across a 
potential difference. 
 
Suggest and explain an experimental change to the circuit, that would reduce the 
photocurrent measured.  

-​ The terminals of the power supply should be reversed/ make plate A 
negatively charged and B positively charged/ reverse direction of electric field.  

-​ This reversal would make photoelectrons do work against the electric field 
between the plates/ electrons would need to do work to cross the potential 
difference between the plates.  

-​ This would reduce the photocurrent, as only photoelectrons with sufficient 
energy would be able to reach plate A/ could cross the potential difference.  
 

 
 

 



 
 
Ans:  

 



NOTE: ∅ = hf0 = hc/λ0 

 
A student uses the shape of the curve to state that maximum KE is inversely 
proportional to the incident wavelength. By referring to the photoelectric equation, 
discuss the validity of this statement.  

-​ Photoelectric equation: hf = ∅ + Ekmax  OR Ekmax = hf – ∅ 
-​ In terms of λ: Ekmax = hc/λ – ∅ 
-​ The student’s statement is not valid. 
-​ Inverse proportionality means Ekmax x λ = constant, which is not the case here 

OR the work function ∅ is a term which cannot be ignored in the relationship. ​
​
NOTE: an inversely proportional graph does not cross any axes, so this cannot 
be inverse proportionality.  

 
Calculate the de Broglie wavelength of photoelectrons emitted from the metal 
surface for incident light of wavelength of 500nm.  
Ans:  

 
 



Discuss the experimental changes that would reduce the minimum de Broglie 
wavelength of the emitted photoelectrons.  

-​ The maximum velocity/ momentum of photoelectrons must be increased.  
-​ Increase in maximum velocity is achieved by an increase in maximum Ekmax.  
-​ Ekmax of emitted photoelectrons can be increased by using a metal with 

smaller work function energy for the same incident light source.  
-​ Ekmax of emitted photoelectrons can also be increased by increasing the 

frequency/ decreasing the wavelength of the light source, for the same metal 
surface.  

 
Outline the meaning of the de Broglie wavelength 

-​ All particles have a wavelength associated with them.  
-​ Wavelength is inversely proportional to the momentum of the particle:​

λ = h/p.  
 
NOTE:  

-​ electron diffraction provides evidence that a moving electron behaves as a 
wave.  

-​ If speed of electrons increases, radius of concentric rings observed on 
fluorescent screen decreases.  

 

 
Describe the pattern observed at the back of the bulb 

-​ Bright and dark concentric rings 



 
State why the bulb must be evacuated 

-​ To ensure electrons don’t collide with air particles/ so diffraction pattern is 
not distorted due to  

 
Explain why the electrons diffract 

-​ Electrons have a de Broglie wavelength 
-​ Which matches the gap width between atoms of the crystalline material OR​

Matches the diameter of the atom 
 

 
Ans:  

 
 
NOTE: the speed of anything should be less than or equal to than speed of light for 
that experiment to be possible.  
 



 
-​ Wavelength has increased OR the electron had a lower momentum.  
-​ So the accelerating p.d. was decreased.  

 



 
Calculate the energy of the deflected photon 
Ans: 

 
 
Explain why the magnitude of the final momentum of the electron is not equal to the 
change in magnitude of the momentum of the photon.  

-​ Momentum is a vector quantity.  
-​ So the momentum must be considered in 2 directions OR ​

The direction of the electron changes so magnitude alone cannot be 
considered.  

 

 
Using the data in table, and accepted value of Planck’s constant, comment on 
accuracy of results.  



 

 



 

 

 
 

 



 
 
Ans: 

 
 
Calculate the wavelength of the photon with the smallest energy.  

 
 
A hydrogen atom can be excited by absorption of a photon. Explain why, for a 
particular transition, the photon must have an exact amount of energy.  

-​ Energy is needed for electron to move to higher energy level.  
-​ For a transition/ excitation/ change of energy levels, an exact amount of 

energy is required.  
-​ Photon’s energy must be exactly equal to the difference between the energy 

levels.  
-​ All of the photon’s energy is absorbed in a one-to-one interaction.  

 
State the meaning of the term ‘ionisation’. 

-​ When an electron gains enough energy to be completely removed from the 
atom.  



 
State the minimum amount of energy required to ionise an electron from the ground 
level of hydrogen.  

-​ 2.18 x 10–18 J 

 
 
Explain why an emission spectrum is not continuous.  

-​ Only certain wavelengths are emitted by the element.  
-​ Corresponding to certain energy level transitions of the element.  

 
Explain why an absorpiton spectrum is not continuous.  

-​ Only certain wavelengths are missing from the spectrum.  
-​ These are absorbed by the unknown gas.  

 
Explain how absorption spectrum can be used to identify an unknown gas.  

-​ Each element has a characteristic absorption spectrum/ absorbs 
characteristic wavelengths.  

-​ Compare the unknown absorption spectrum to the absorption spectra for 
different elements.  

 
NOTE: absorption spectrum = type of spectrum formed when white light is passed 
through a low density sample of unknown gas.  
 

 



 

 
Ans: 

 
 
 



Calculate the wavelength of the photon with the smallest energy. 

 
 
Explain why emitted photons have discrete frequencies 

-​ EM radiation is emitted when an electron moves from higher to lower energy 
level.  

-​ Emitted photon is given a discrete/ specific amount of energy.  
-​ Photon energy is directly proportional to frequency: ΔE=hf, so emitted 

photons have discrete frequencies.  
 
 



​
Ans: 

 
 



 



 
 



 
Explain why an X-ray photon is produced in this process and suggest why it is called 
‘characteristic’.  

-​ Electron in a higher energy state/ outer electron replaces the missing electron 
(which has been absorbed by the nucleus).  

-​ Transition from higher to lower energy state releases an X-ray photon.  
-​ X-ray photon is characteristic because its energy is equal to the difference in 

energy levels.  
 





 
 



 
-​ λ = de Broglie wavelength of electrons 
-​ As λ increases, sinθ increases – which means diffraction angle θ increases 

(btwn 0-90˚).  
-​ As θ increases, diffraction pattern spreads out, and radius of concentric rings 

increases/ concentric rings get further apart.  
 



 
 
Explain the significance of an electron at an energy level of 0eV. 

-​ If an electron exists at energy level 0eV, it means the atom has become 
ionised.  



-​ Enough energy has been transferred to the electron such that it is able to 
escape the atom.  

-​ And is no longer bounded by the electrostatic force from the nucleus.  
 

23. Nuclear physics 
 
Define half-life of a radioactive isotope. 

-​ time for activity (of sample) to halve.  
 

 
a.​ State the name of the quantity represented by the magnitude of the gradient 

of line X in Fig. 9.1. 
-​ Activity of X at time t 

 
b.​ State conclusions about X or Y that may be drawn from Fig. 9.1. The 

conclusions may be qualitative or quantitative. Use the space below for any 
working that you need. 

-​ Y is a stable isotope 
-​ total number of nuclei is constant 
-​ half-life of X is 13.6 s 
-​ decay constant (of X) is 0.051 s–1 
-​ amount of X at t = 0 is 0.066 mol 
-​ activity of X at t = 0 is 2.0 x 1021 Bq 

 



c.​ The mass of radioactive isotope X in the sample in (b) is 7.3 × 10–4 kg at time 
t = 0. Determine the nucleon number of isotope X. 

 
 

24. Medical physics 
 
State what is meant by a photon. 

-​ packet / quantum of energy 
-​ of electromagnetic radiation 

 

 
X = negative terminal 
Y = positive terminal  
 
For an accelerating voltage of 32kV in Fig. 8.1, determine the maximum energy, in 
MeV, of an X-ray photon produced at the target. 

-​ 0.032 MeV 



​
NOTE: maximum energy of photon = eV. In this question, the unit is MeV and already 
has e so no need to multiply by e. To convert to joules, multiply by e and 10^6.  
 
 
NOTE: to calculate minimum wavelength of X-rays produced: 

-​ E (energy of X-ray photon) = hf 
-​ λ = c/f 
-​ λ = hc / E 

 
Explain why X-rays can be used to produce images of internal body structures that 
have good contrast. 

-​ Bone has much higher density than soft tissue. 
-​ Thus bone has much larger attenuation coefficient than soft tissue: in bone 

there is greater absorption, but lesser penetration and transmission of X-rays.  
-​ Thus, transmitted intensities by bone and tissue are very different, leading to 

good contrast images.  
 

 

 
 



 
a.​ Show that the number of photons incident on the mirror per unit time is 1.4 × 

1015 s–1. 

 
 

 Ultrasound  X-rays 

method of production vibrating quartz crystal  electrons hitting metal 
target 

detected wave ​
(absorbed, reflected 
or transmitted) 

reflected transmitted 

 
Explain how X-rays are produced for use in medical diagnosis. 

-​ electrons are accelerated (by an applied p.d.) 
-​ electrons hit target 



-​ X-rays produced when electrons decelerate 
 

25. Astronomy and cosmology 
 
Explain what is meant by a standard candle. 

-​ An object of known luminosity  
 
Explain how a standard candle can be used to measure astronomical distances.  

-​ Standard candle has known luminosity.  
-​ Measure the radiant flux intensity of the standard candle on earth.  
-​ Use inverse square law of flux to calculate distance. ​

F= L/4πd2 

 
State 2 factors affecting radiant flux intensity from a star 

-​ Luminosity of the star 
-​ Distance from centre of star to earth 

 
State 2 examples of standard candles 

-​ Cepheid variable stars 
-​ Type 1a supernovae 

 
State what is meant by the luminosity of a star 

-​ The total power of radiation emitted by the star 
 
Suggest why type 1a supernovae are used to measure distances to the most distant 
galaxies. 

-​ They have high luminosity, so are extremely bright.  
-​ Their radiant flux intensity on earth will be detectable/ bright enough to 

measure even at very large distances.  
 
NOTE: billion = 109. 
 



 

​
NOTE: this graph is given with luminosity in terms of luminosity of sun on y-axis. So 
every value of y-axis x luminosity of sun = luminosity.  
 

 
The Andromeda galaxy is the closest galaxy to our galaxy (Milky Way). Suggest 
which method could be used to prove that Andromeda is a separate galaxy outside 
of Milky Way. Explain your choice.  



-​ Cepheid variables 
-​ Distances to nearby stars in milky way are less than 105 light years away OR 

Distances to other galaxies are more than 105 light years away.  
-​ Andromeda is too close to earth to use Hubble’s law method.  
-​ Andromeda is too far from earth to use H–R diagram/ parallax method.  
-​ Type 1a supernovae are rare events/ cannot be reliably predicted.  

 
NOTE: size of Milky Way = 105 ly. 

 

 

 
Ans: 

 



 

 
Ans: 

 
 

 
 
 
 
 



Ans: 

 
 

 



 
 
State Wein’s displacement law 

-​ The wavelength of maximum intensity emitted by a star is inversely 
proportional to its thermodynamic temperature.  

-​ λmax ∝ 1/T 

 



 
Ans: 

 
 
NOTE: imagine eating a hot iron rod. 
dull red → orange → yellow → white → bluish-white 
White appears before the hottest stage. 
 



 
Identify: 

-​ Hottest star= A 
-​ Coolest star= C 
-​ Brightest star= B 

 
State what factors the power output of a star depends on 

-​ Radius  
-​ Surface temperature 

 

 
Ans: B and C 



 

 

 
 
Ans: 

 
 



 

 
Ans: 

 
 

 

 
Ans: 

-​ Wein’s law states that the wavelength of maximum intensity emitted by a star 
is inversely proportional to its thermodynamic temperature.  ​

λmax ∝ 1/T 

-​ Read off λmax from the graph.  
-​ Use a reference star/ star with known λmax and T to find a constant of 

proportionality.  
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ans: 

 
 

 



 
 
NOTE: a reasonable estimate for the diameter of a big city = 10–100 km.  
 
 

 



 

 



 
 

 



 
 
State hubble’s law 

-​ Recessional speed of a galaxy is directly properotional to its distance from 
the earth. OR​

 
 
Explain how hubble’s constant can be used to determine an age for the universe.  

-​ H0 = v/d, so H0 has units of s–1 

Age of universe = 1/H0 

 



 
 
State what is meant by redshift 

-​ Apparent wavelength of light is observed to be greater than known/ measured 
value 

-​ Due to object/ star/ galaxy moving away from observer.  
 
Explain how to determine that light from distance star has undergone redshift.  

-​ Examining the lines in the spectrum of light from the star. 
-​ And comparing the lines with known spectrum of light measured on earth. 
-​ Redshift has occurred if the wavelengths are greater than measured values on 

earth. 
-​ This redshift shows that the stars in distant galaxies are moving away from 

earth.  
 
Describe the main ideas of the big bang theory.  

-​ The universe started with an explosion/ the big bang 
-​ All matter and energy was concentrated at a single point.  
-​ The explosion caused the universe to expand from this single point.  

 



Explain why Hubble’s law and the expanding universe lead to Big Bang theory of 
origin of universe.  

-​ All parts of the universe are moving away from each other.  
-​ More distant objects are moving away faster.  
-​ Thus matter must have been close together/ very dense in the past.  

 
Explain why the redshift of galaxies is considered to be evidence for the big bang 
theory.   

-​ The more distant the galaxy, the longer the light travels through space and 
expands/ stretches OR the greater the redshift OR the faster it recedes away 
from observer.  

-​ Increasing redshift suggests that universe is expanding.  
-​ If the universe is expanding, then it must have been closer together in the 

past.  
-​ The expansion of the universe can be extrapolated back to a single point of 

origin (known as the Big Bang) 
 
State the significance of the term H0 

-​ Age of the universe = 1/H0 

 
Distance from the earth is known for many type 1a supernovae. Describe how these 
distances are used, with other data, to determine Hubble constant.  

-​ Other data: recessional velocity 
-​ Obtained from measurements of the wavelength of spectral lines (from type 

1a supernovae) 
-​ Plot a graph of velocity against distance 
-​ Hubble constant is the gradient of the graph 

 

 

 
 



Ans:  
-​ All the lines moved/ shifted towards the long λ side 
-​ By the same amount 

 

 
Ans: 

-​ Galaxy is moving towards the observer 
-​ Blueshift is a decrease in observed wavelength of light emitted from incoming 

stars/ galaxies OR Light from distant galaxies has a shorter wavelength than 
the same light observed on earth. 

 
 

 
 
 
 
 
 
 
 
 



Ans: 

 
 

 
Ans: 

 
 



 
Ans: 

-​ Light from Andromeda is blushifted/ it is moving towards Milky Way. 
-​ Andromeda will hit/ collide with Milky Way in future.  

 

 



 

 
Ans: 

 



 
 



 
Ans: 

 
 



Assumption: 
-​ Rate of expansion of universe is constant/ uniform/ not accelerated OR ​

H0 is constant over time.  
 
Discuss why different measurements of Hubble constant do not agree with each 
other.  

-​ Measurements from distant galaxies have large uncertainties.  
-​ Galaxies that are close by may have peculiar motion, eg. moving towards us/ 

orbiting around a centre of mass. 
-​ Galaxies were not formed at the beginning of the universe, so H0 is a lower 

limit.  
-​ Rate of expansion may not be constant/ may be accelerating. 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ans: 

 
 
 



 
Ans: 

 
 

 

 



 

 
 

 



 
 
 
NOTE: when question asks to find the maximum rate of change of something, if a 
graph is given find the steepest gradient.  
NOTE: in your answers, use same number of sf as values given in the question. 


