PHY2 JUNE 2001


1. The current / flowing through a conductor of cross-sectional area A is given by the formula:
I = nAQv   where Q is the charge on a charge carrier. Give the meanings of n and v. [2]
Show that the equation is homogeneous with respect to units. [3]

With reference to the equation, explain the difference between a metal conductor and a plastic insulator. [2]

[image: image1.wmf] 

2. A student is planning an experiment to measure 

the resistivity of aluminium. She plans to use an 

ohmmeter to measure the resistance of a rectangular 

strip of aluminium foil fastened between two 

bulldog clips.

She also intends to measure the thickness t of the 

foil and the length l and width w of the strip. 

Explain how she should calculate the resistivity 

from her measurements. [2]

The student decides that for sufficient accuracy the 

resistance of the strip must be at least 1.0 Ω. To see 

what dimensions would be suitable, she does some preliminary experiments using strips 20 mm wide cut from foil 0.15 mm thick. She finds that for strips of a convenient length the resistance is far too small.
Calculate the length of strip, 20mm wide and 0.15 mm thick, which would have a resistance of 1.0 Ω. (Resistivity of aluminium = 2.7 x 10-8 Ω m.) [3]
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Suggest a way, other than increasing its length, by which she could increase the resistance of her strip. Comment on whether this change would lead to a more precise measurement of the resistivity. [2]
3. The diagram shows a cell, of e.m.f. E and internal resistance r, driving a current I 

through an external resistance R. 

Using these symbols, write down a formula for (i) the power dissipated in the external 

resistance (ii) the power dissipated in the internal resistance (iii) the rate of conversion 

of chemical energy in the cell Using these formulae, write down an equation 

expressing conservation of energy in the circuit, and hence show that I = E / (R +r)  [5]

The equation I = E / (R +r) shows that the internal resistance of a power supply limits 

the current which can be drawn from it. Explain this.  [2]
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A 5 kV laboratory supply can be made safe for student use by connecting an internal series resistor. The following resistors are available: lkΩ; 10 kΩ;  l00kΩ; 1MΩ.  Explain which resistor should be used to make the supply as safe as possible.  [2]
4. The graph shows the current-voltage characteristic of 

a semiconductor diode.

State, with a reason, whether the diode obeys 

Ohm's law. [1]
Show that when the voltage across the diode is 0.74 V 

its resistance is about 9 Ω. [2]
When the diode is connected in the following circuit, the 
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voltage across it is 0.74 V.

Calculate the value of the 

resistance R. [3]

Electronic circuit designers 

often use a simple model of 

this type of diode. This 

"model diode" has the 

following properties: (i) For any voltage below +0.7 V 

it does not conduct at all. (ii) Once the voltage 

reaches +0.7 V the diode can pass any size of current 

with no further increase in voltage. Sketch the graph and 

add to it a second line to show the current-voltage characteristic of this model diode. [8]
5. A well-insulated vessel contains 0.20 kg of ice 

[image: image5.wmf] 

at -10°C. The graph shows how the temperature 

of the ice would change with time if it were 

heated at a steady rate of 30 W and the contents 

were in thermal equilibrium at every stage.

Describe in terms of molecules the change 

which occurs between points P and Q. [2]
Use the graph to determine the specific latent 

heat of fusion of water. [3]
A student tries to plot this graph experimentally. 

He places crushed ice at -10 °C in a 

well-insulated beaker containing a small electric 

heater. What additional equipment would he 

need, and how should he use it, to obtain the 

data for his graph? [2] 

Suggest one precaution he should take to try to 

get an accurate graph. [1] 

Gallium is a metal with a melting point of 29 °C. Its specific heat capacity, in both the solid and liquid state, and its specific latent heat of fusion, are all smaller than those of water. Sketch the graph and add to it a second line showing the results you would expect if 0.20 kg of gallium, initially at -10 °C, was heated at the same rate of 30 W. [3]
6. According to kinetic theory, the pressure p of an ideal gas is given by the equation: p = 1/3 ρ <c2>

where ρ is the gas density and <c2> is the mean squared speed of the molecules.
Express the density ρ in terms of the number of molecules N, each of mass m, in a volume V. [1]
It is assumed in kinetic theory that the mean kinetic energy of a molecule is proportional to kelvin temperature T. Use this assumption, and the equation above, to show that under certain conditions the pressure p is proportional to T. [2]
State the conditions under which the pressure p is proportional to T. [2]
A bottle of gas has a pressure of 303 kPa above atmospheric pressure at a temperature of 0 °C. The bottle is left outside on a very sunny day and the temperature rises to 35 °C. Given that atmospheric pressure is 101 kPa, calculate the new pressure of the gas inside the bottle. [3]
7. A 60 W tungsten filament bulb is operating at its normal working temperature of  1600 °C. 

The equation ΔU = ΔQ + ΔW may be applied to the lamp filament. 

State and explain the value of each quantity for a period of 10 seconds' operation. [6]

8. The diagram shows a simplified hydraulic jack.
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With reference to the diagram, explain the principle of how a hydraulic jack may be used to raise the chassis of a car. You may be awarded a mark for the clarity of your answer. [4] 

