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OCR Physics A


Refer to the Physics A data sheet for data, formulae and relationships information.

1
Physicists often choose to display data in a graphical form. It is sometimes necessary to change the display to a different form in order to fully appreciate what is happening. This question explores this topic.

a
Figure 1a shows a velocity–time graph for a cyclist travelling along a straight road.
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Figure 1a


i
Use Figure 1a to determine the final displacement of the cyclist from his start point.
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(2 marks)


ii
Use Figure 1a to draw the axis on Figure 1b and the corresponding displacement–time graph for his journey.
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Figure 1b


(3 marks)

b
Figure 2a shows how the current, I, in a circuit varies with the total external resistance, R, when the supply e.m.f. in the circuit is kept constant.
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Figure 2a


i
Use Figure 2b to draw the corresponding graph of 
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Figure 2b

(2 marks)


ii
State how the gradient of your new graph is related to the e.m.f. of the supply and hence determine its value.
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(2 marks)

c
Figures 3a and 3b show two representations of the way in which the gravitational field strength, g, varies with the distance, r, measured from the centre of the Earth.
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Figure 3a
[image: image12.jpg]lg(g/ms2)

1.20

1.00

0.80

0.60

0.40

0.20

0.00 Y
670 680 6.90 7.00 7.10 720 7.30

Ig(r/m)





Figure 3b


i
Determine the gradient of the graph shown in Figure 3b.

 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
Explain what can be deduced from the value of the gradient.

 SHAPE  \* MERGEFORMAT 



(1 mark)


iii
Explain without calculation what can be deduced from the intercept of the graph with the lg(g) axis.
 SHAPE  \* MERGEFORMAT 



(1 mark)
Based on OCR Physics A, June 2006, Question 3
2
a
The potential gradient in an electrical device is defined as the ratio 
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Starting with the definition of electrical field strength, show that the unit of electrical field strength is the same as the unit for potential gradient.
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(3 marks)

b
i
A copper wire of length 2.5 m and cross-sectional area 5.0 ( 10(7 m2 is connected to a battery of negligible internal resistance and e.m.f. of 9.0 V. Assuming the electric field in the copper wire is uniform and equal to the value it would have if 9.0 V potential difference were applied to electrodes 2.5 m apart in vacuum, calculate the electric field strength.

 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
Calculate the acceleration of a free electron in the copper wire
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(3 marks)

c
i
Show that an electron accelerated from rest with the acceleration calculated in b ii travelling through a distance of 2.5 m in a vacuum would have a final velocity of about 2 × 106 m s(1.


[image: image24]
 SHAPE  \* MERGEFORMAT 



(2 marks)


ii
The actual drift velocity of electrons in this wire is about 1 × 10(3 m s(1.  Explain why there is such a large difference between this value and the value obtained in i.
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(2 marks)
OCR Physics A, June 2002
3
During the development of physics, the concept of fluid flow was frequently used to create a model for unfamiliar concepts. For example, the flow of heat in a solid and the current flow in a wire were considered to be analogous to the flow of water in a pipe. The amount of flow occurring was determined by the dimensions of the material, its properties, and the cause of the flow.

a
The amount of thermal energy flowing per unit time through the glass window of a room is given by the formula
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Q ( thermal energy flowing in a time, t


k ( thermal conductivity of the glass



A ( area of the window



d ( the thickness of the glass



(2 and (1 are the inside and outside temperatures, respectively



i
Determine the SI unit for the thermal conductivity, k.
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(3 marks)


ii
Calculate the rate at which thermal energy is transferred through the window under the following conditions:



1
thermal conductivity of the glass ( 0.80 SI units




2
area of the window ( 2.5 m²




3
thickness of the glass ( 4.0 mm




4
inside temperature ( 20 ºC




5
outside temperature ( 5 ºC
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(2 marks)

b
i
Derive an equation, similar to that given in a, for the charge flow per unit time through a wire. Use the following symbols:




1
the potential difference across the wire, V



2
the resistivity of the material from which the wire is made, ρ



3
the length of the wire, L



4
the area of cross section of the wire, A
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(3 marks)


ii
Compare the equations in b i and a.




State which thermal property corresponds with p.d. in the electrical case.

 SHAPE  \* MERGEFORMAT 


(1 mark)




State which electrical property corresponds with thermal conductivity in the thermal case.

 SHAPE  \* MERGEFORMAT 


(1 mark)

c
i
The flow of gas through a pipeline also follows a similar pattern to the flow of electrons in a wire. Suggest an equation for gas flow, stating the meaning of all the symbols you use.
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(2 marks)


ii
250 cm³ of gas flows through a pipe of internal diameter 12 mm in 1 second. 




Calculate the volume of gas that will flow per second through a pipe of internal diameter 26 mm under identical conditions.
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(2 marks)
4
In 1909 Rutherford and Royds proved that an alpha particle was a helium nucleus. Figure 4 shows a simplified diagram of the apparatus they used.
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Figure 4

A highly active, long-lived alpha particle emitter is placed inside the very thin walled glass tube A which is then placed inside a thick walled outer vessel, B. Initially, a vacuum exists in B. The apparatus is left for several weeks whilst the alpha emitter decays. A small amount of gas was found to be present in B.

a
i
Show that the number of alpha particles emitted over a period of 5 weeks by a source with activity 9.2 × 109 Bq is approximately 3 × 1016.

 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
To complete the calculation in i the activity is assumed to be constant over the five-week period. Explain why this is a valid assumption.

 SHAPE  \* MERGEFORMAT 



(1 mark)


iii
Determine the number of moles of helium produced.
 SHAPE  \* MERGEFORMAT 



(1 mark)


iv
To become helium atoms each alpha particle must gain two electrons. Suggest a possible source of these electrons.

 SHAPE  \* MERGEFORMAT 



(1 mark)


v
The volume of the apparatus used to collect the helium is 4.5 ( 10(5 m3.  



Calculate the pressure in the apparatus after five weeks’ decay if the temperature of the laboratory is kept constant at 20 ºC.
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(2 marks)

b
The pressure calculated in a iv is very small so the level of the mercury is raised, compressing the gas into the smaller discharge tube. Calculate the new pressure in the apparatus if the discharge tube has a volume of 7.0 × 10(8 m3.  
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(2 marks)

c
When an electric current was passed through the discharge tube in b a line emission spectrum was observed. The wavelength of the lines emitted was determined using a diffraction grating having a grating spacing of 
3.3 ( 10(6 m. The first order spectrum showed a strong line in the blue area which corresponds to one in the helium spectrum from a laboratory source. The angle between this line and the normal was measured to be 8.7º. Calculate the wavelength of the blue emission line.
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(2 marks)
5
Much of physics relies on finding out how changing the magnitude of one property of a substance (the cause) affects the value of another property (the effect).

a
For each pair of quantities shown in Table 1, decide which is the cause and which is the effect.  



Complete the table by writing a word equation in the form of
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Name the third quantity in each case.

	Quantity 1
	Quantity 2
	Quantity 3 
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cause

=



	current
	potential difference
	

	load on a spring
	extension of spring
	

	strain
	stress applied
	



Table 1

(6 marks)

b
Suggest two reasons why the ratio 
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(2 marks)
6
Objects launched by man into space can be classified into two groups:



1
satellites placed in orbit around the Earth or one of the other inner planets



2
deep space probes intended to explore the outer planets of the solar system.

All spacecraft require power to take measurements, operate on board equipment, and to communicate data back to Earth. Most satellites in the first category obtain their power from a panel of solar cells which convert sunlight into electrical energy. Deep space probes are unable to do this since the photon energy falling on the panels is too small. These deep space probes normally use a Radioisotope Thermoelectric Generator (RTG).

a
A telecommunications satellite orbiting the Earth transmits a radio signal 
24 hours per day. The signal has a power level of 300 W. The transmitter obtains this power from a battery which is recharged by a solar panel. The solar panel has an efficiency of 25% whilst it is in direct sunlight of intensity 1.5 kW m(2.


i
Suggest what happens to the light energy which reaches the solar panel but is not converted to electrical energy.

 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
Calculate the minimum surface area of the solar panel required to produce the 300 W for the transmitter.
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(2 marks)


iii
Give two reasons why the surface area would have to be much greater than your answer above.
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(2 marks)

b
Radioisotope Thermoelectric Generators (RTG) consist of two different metals joined to form a closed electrical circuit. When the two junctions between these metals are kept at different temperatures, an e.m.f. is produced. One junction is kept at the external temperature of deep space whilst the other junction is heated by the alpha decay of a radioactive isotope. 



Most RTGs in deep space probes use plutonium-238 which has a half-life of 88 years. Each alpha particle that is emitted has a kinetic energy of 5.0 MeV.


A particular deep space probe transmits data to Earth for 3 hours each day from a 12 V circuit which draws a current of 4.0 A whilst transmitting. During the rest of the day, the transmitting circuit is shut down. However, the battery charging carries on throughout the day.


i
Show that the energy required per day for transmission is about 0.5 MJ.

 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
Assume that the overall efficiency of the RTG battery charging system is also 25%. Show that the steady power output required from the RTG is about 25 W.
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(2 marks)


iii
Calculate the minimum activity of the source required to generate this power.
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(2 marks)


iv
Show that the decay constant ( of Pu-238 is 2.5 × 10(10 s(1.

 SHAPE  \* MERGEFORMAT 



(1 mark)


v
Calculate the number of Pu-238 nuclei that must decay to generate the activity calculated in iii.
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(2 marks)


vi
Calculate the mass of Pu-238 corresponding to this number of nuclei.
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(2 marks)
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