Questions- Calculations (all)
Q1.
The figure below shows a capacitor of capacitance 370 pF. It consists of two parallel metal plates of area 250 cm2. A sheet of polythene that has a relative permittivity 2.3 completely fills the gap between the plates.
 [image: ]
not to scale
(a)     Calculate the thickness of the polythene sheet.
 
 
 
thickness = _____________m
(2)
(b)     The capacitor is charged so that there is a potential difference of 35 V between the plates. The charge on the capacitor is then 13 nC and the energy stored is 0.23 µJ.
The supply is now disconnected and the polythene sheet is pulled out from between the plates without discharging or altering the separation of the plates.
Show that the potential difference between the plates increases to about 80 V.
 
 
 
(2)
(c)     Calculate the energy that is now stored by the capacitor.
 
 
energy stored = _____________µJ
(2)
(d)     Explain why there is an increase in the energy stored by the capacitor when the polythene sheet is pulled out from between the plates.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(Total 8 marks)
Q2.
(a)     Which statement explains why energy is needed to melt ice at 0°C to water at 0°C?
Place a tick (✔) in the right-hand column to show the correct answer.
 
	 
	✔ if correct

	It provides the water with energy for its molecules to move faster.
	 

	It breaks all the intermolecular bonds.
	 

	It allows the molecules to vibrate with more kinetic energy.
	 

	It breaks some intermolecular bonds.
	 


(1)
(b)     The diagram shows an experiment to measure the specific heat capacity of ice.
[image: ] 
A student adds ice at a temperature of –25°C to water. The water is stirred continuously. Ice is added slowly until all the ice has melted and the temperature of the water decreases to 0°C. The mass of ice added during the experiment is 0.047 kg.
(i)      Calculate the energy required to melt the ice at a temperature of 0°C.
The specific latent heat of fusion of water is 3.3 × 105 J kg–1.
energy = ____________________ J
(1)
(ii)     The water loses 1.8 × 104 J of energy to the ice during the experiment.
Calculate the energy given to the ice to raise its temperature to 0°C. Assume that no energy is transferred to or from the surroundings and beaker.
energy = ____________________ J
(1)
(iii)     Calculate the specific heat capacity of the ice.
State an appropriate unit for your answer.
specific heat capacity = ____________________ unit = __________
(2)
(Total 5 marks)
Q3.
The table below gives the values for the activity of a radioactive isotope over a period of a few minutes.
 
	time/s 
	0
	60
	120
	180
	240
	300

	activity/Bq 
	480
	366
	280
	214
	163
	124


(a)     Complete the graph below by plotting the remaining points and drawing an appropriate curve.
[image: ] 
(3)




(b)     Use the graph to determine the half-life of the isotope.
 
 
 
 
half-life ____________________
(3)
(c)     Initially there were 1.1 × 105 atoms of the isotope present. Calculate the decay probability of the isotope.
 
 
 
decay probability ____________________
(2)
(Total 8 marks)
Q4.
The planet Venus may be considered to be a sphere of uniform density 5.24 × 103 kg m−3.
The gravitational field strength at the surface of Venus is 8.87 N kg−1.
(a)     (i)      Show that the gravitational field strength gs at the surface of a planet is related to the the density ρ and the radius R of the planet by the expression
[image: ] 
where G is the gravitational constant.


(2)
(ii)     Calculate the radius of Venus.
Give your answer to an appropriate number of significant figures.
radius = ____________________ m
(3)
(b)     At a certain time, the positions of Earth and Venus are aligned so that the distance between them is a minimum.
Sketch a graph on the axes below to show how the magnitude of the gravitational field strength g varies with distance along the shortest straight line between their surfaces.
Consider only the contributions to the field produced by Earth and Venus.
Mark values on the vertical axis of your graph.
[image: ] 
(3)
(Total 8 marks)
Q5.
The Bohr model of a hydrogen atom assumes that an electron e is in a circular orbit around a proton P. The model is shown schematically in Figure 1.
Figure 1
[image: ] 
In the ground state the orbit has a radius of 5.3 × 10–11 m. At this separation the electron is attracted to the proton by a force of 8.1 × 10–8 N.
(a)     State what is meant by the ground state.
___________________________________________________________________
___________________________________________________________________
(1)

(b)     (i)      Show that the speed of the electron in this orbit is about 2.2 × 106 m s–1.
          mass of an electron = 9.1 × 10–31 k g


(ii)     Calculate the de Broglie wavelength of an electron travelling at this speed.
          Planck constant = 6.6 × 10–34 J s


(iii)     How many waves of this wavelength fit the circumference of the electron orbit? Show your reasoning.
(7)


(c)     The quantum theory suggests that the electron in a hydrogen atom can only exist in certain well-defined energy states.  Some of these are shown in Figure 2.
Figure 2
[image: ] 
An electron E of energy 2.5 × 10–18 J collides with a hydrogen atom that is in its ground state and excites the electron in the hydrogen atom to the n = 3 level.
Calculate
(i)      the energy that is needed to excite an electron in the hydrogen atom from the ground state to the n = 3 level,
 
 
 




(ii)     the kinetic energy of the incident electron E after the collision,
 
 
 
(iii)     the wavelength of the lowest energy photon that could be emitted as the excited electron returns to the ground state.
          speed of electromagnetic radiation = 3.0 × 108 m s–1
(5)
(Total 13 marks)
Q6.
A female runner of mass 60 kg generates thermal energy at a rate of 800 W.
(a)     Assuming that she loses no energy to the surroundings and that the average specific heat capacity of her body is 3900 J kg–1K–1, calculate
(i)      the thermal energy generated in one minute,
______________________________________________________________
______________________________________________________________
(ii)     the temperature rise of her body in one minute.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
(3)
(b)     In practice it is desirable for a runner to maintain a constant temperature. This may be achieved partly by the evaporation of sweat. The runner in part (a) loses energy at a rate of 500 Wby this process.
Calculate the mass of sweat evaporated in one minute.
specific latent heat of vaporisation of water = 2.3 × 106 J kg–1
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(3)
(c)     Explain why, when she stops running, her temperature is likely to fall.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(Total 8 marks)
Q7.
Figure 1 shows a ‘firewheel’ used at a firework display. Thrust produced by the captive rockets creates a torque which rotates the beam about a horizontal pivot at its centre. The shower of brilliant sparks in the exhaust gases of the rapidly orbiting rockets creates the illusion of a solid wheel.
[image: ] 
Figure 1
(a)     The rockets are fixed symmetrically about the pivot at distances of 0.50 m and 0.80 m from the pivot. The initial mass of each rocket is 0.54 kg and the moment of inertia of the beam about the pivot is 0.14 kg m2.
Show that the initial moment of inertia of the firewheel about the pivot is 1.10 kg m2.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(b)     The rockets are ignited simultaneously and each produces a constant thrust of 3.5 N.
The frictional torque at the pivot is negligible. Calculate
(i)      the total torque about the pivot when all the rockets are producing thrust,
______________________________________________________________
______________________________________________________________
(ii)     the initial angular acceleration of the firewheel,
______________________________________________________________
______________________________________________________________
(iii)     the time taken for the firewheel to make its first complete turn, starting from rest.
______________________________________________________________
______________________________________________________________
______________________________________________________________
(4)
(c)     The total thrust exerted by the rockets remains constant as the firewheel accelerates. Explain why, after a short time, the firewheel is rotating at a constant angular speed which is maintained until the rocket fuel is exhausted.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(Total 8 marks)
Q8.
(a)     In the circuit in Figure 1, the battery, of emf 15 V and the negligible internal resistance, is connected in series with two lamps and a resistor. The three components each have a resistance of 12 Ω.
[image: ] 
Figure 1
(i)      What is the voltage across each lamp?
______________________________________________________________
(ii)     Calculate the current through the lamps.
______________________________________________________________
______________________________________________________________
(3)
(b)     The two lamps are now disconnected and reconnected in parallel as shown in Figure 2.
[image: ] 
Figure 2
(i)      Show that the current supplied by the battery is 0.83 A.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
(ii)     Hence show that the current in each lamp is the same as the current in the lamps in the circuit in Figure 1.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
(3)
(c)     How does the brightness of the lamps in the circuit in Figure 1 compare with the brightness of the lamps in the circuit in Figure 2?
Explain your answer.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(Total 8 marks)
Q9.
The diagram shows a cube of glass. A ray of light, incident at the centre of a face of the cube, at an angle of incidence θ, goes on to meet another face at an angle of incidence of 50°, as shown in the figure bellow
critical angle at the glass-air boundary = 45°
[image: ] 
(a)     Draw on the diagram the continuation of the path of the ray, showing it passing through the glass and out into the air.
(3)
(b)     Show that the refractive index of the glass is 1.41
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(c)     Calculate the angle of incidence, θ.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(3)
(Total 8 mark)
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