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3 (@ () Thecurrentinawie depends on s resistance. Explain, in terms of ree clectrons,
resistance arises when a potential difference is applied across the wire.

2

The wire (labelled P in the diagram) is connected to a fixed voltage source
and a resistor to limit the current as shown. The wire is 0.4m long and has a
cross-sectional area of 20 x 10-°mZ. When the current is 16A it dissipates
1.8J of energy in 1 minute. Calculate its resistivity. “

16A !
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(b) () The current, I, in a wire of cross-sectional area, A, is given by the formula:
I=nve

Derive the formula. You may include a clearly labelled diagram. “

(i)~ Calculate the drift velocity of the free electrons in the wire in (2)(i) when the current
throughitis 1.6A. [1= 6.4 x 102m=7] @
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(i) Wire P is now connected to another wire, Q, of the same material but with twice
the cross-sectional area. The wires are connected to the same fixed voltage source
and resistor.

P Q

Complete the following sentences by circling the correct option given in brackets.

() The current n the circit containing both wires is
[less than 1.6A] [equal to 1.6A] [more than 1.6 A] 4]

() The curent in P i [less than] the same ] [greater thar] the curent
in

() The electron drift velocity in Q s [half] [the same as] [twice] [four m-]
the electron drift velocity in P
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(8 Astudentia ssked tocanry outan experiment i deterine the resisity of nn the form
a

Asafirst step the student takes readings of the current in the wire against applied potenial
difference. The results are shown in the table.

Appliedpd/v | 010 | 020 | 030 | 040 | 050 | 060

Current /A 008 | 016 | 024 | 032 | 040 | 048

() Draw a circuit diagram of the arrangement that could have been used to obtain the
readings.

(i) Plota graph of current (1-axis) against potentialdiference (x-axis). @
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‘The student measures the lenath of the wire 10 be 1.45m and the diameter to be
4.0 10-*m. Show that the resistviy of tn is approximately 1 x 1070m. (3]

Draw on the same grid (opposite) the current against potential diference graph
for a metal wire of the Same length and diameter but with doublo the resistivty of
tin. m

Calculate the mass of wire used in the experiment given that the density of tin
7310kgmS. 2]

Determine the total number of free electrons in this wire given that an atom of ti
has amass of 197  10-25kg and each atom coniributes 4 free electrons. (2]

Calculate the mean diiftvelocity of the electrons in the wire when the current it
032A. 1l
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The cusrent, /, through a metal wire is related to the drift velocity, ¥, of the free clectrons
inside it by the formula
1= nive

For the metal tungsten, n = 63X 10%m

() State the meaning of 1

() Caleulate the drift velocity for a mungsten lamp filament of diameter 0-20 x 107
through which a current of 2-0 A is passing.

(b) () Esplain, in terms of free electrons, why a large enough current flowing through the
Iamp filament makes it hot “

(i) Old lamp filaments become thin in places. Use the equation / = nAve to explain why
these thin places become hotter than the sest of the filament [&)]
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‘The current in a piece of aluminium wire in an overhead power-line is 300A. Calculate the
‘mumber of electrons passing through any cross-section of the wire per second. (Refer to the
data in the Data Booklet) B}

Calculate the mean drift velocity of the free electrons in the wire, which has a cross-
sectional area of 2:0 x 10”7 m’. (Each aluminium atom contributes 3 free electrons, and there
ate 6:0 x 10 atoms per n of aluminium ) Bl

Explain the difference between the mean drift velocity of the free electrons and their mean
speed. ©

‘Suppose that, because of a production fault, the cross-sectional area of a small portion of the
‘wire is less than that of the rest of the wire, as shown in the diagram.

[ —————|

‘How does the current in the thinner portion compare with the current in the rest of the
wire? m

How does the mean drift velocity of free electrons in the thinner portion compare
‘with that in the rest of the wire? Give your reasoning 2]
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