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Question 1A

(8) (i) Suspend a total mass of 400 g from one of the springs.
small vertical displacement and determine the period T3 of the subsequent

oscillations.
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Put the mass of 400 g on the other spring and determine
oscillations for this spring.
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Calculate the average value T of the periods Ty and T,
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(ii) Hook the 400 g mass onto the loops of both springs as shown in the diagram

below.

Determine the period T of vertical oscillations for this arrangement of springs.
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Calculate the ratio 7,/T.
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(iii) Theory predicts that for a parallel arrangement of identical springs 7,/T = 1/-/2.
Discuss the extent to which your results support this prediction.
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Discharge the capacitor by connecting one of the spare leads across it. Now

remove the lead.

Close the switch and determine the time # that it takes for the current in the circuit
to fall from 100.0 pA to 36.8 pA. Open the switch when you have done this.
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Descnbe the procedure you adopted to make this timing as accurate as possible.
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(ii) Connect the second capacitor in parallel with the capacitor in the circuit, making
sure that its polarity is correct. When you have done this, you must ask the
Supervisor to check your circuit before proceeding. If your circuit is not correct,
the Supervisor will correct it for you. You will only lose 1 mark for this.

Follow the same procedure as before to determine the time £, for the current to
drop from 100.0 pA to 36.8 pA for the parallel arrangement of capacitors. Open

the switch when you have done this.
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Calculate the ratio £,/1.
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Question 1B

The apparatus has been set up for you as shown in the diagram with M= 100 g.
For clarity the magnets have not been drawn.
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Magnetic field perpendicular to wire
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When there is an alternating current in the wire the current passes through the
magnetic field, This causes the section of the wire between the wooden blocks
and the knife edge to osciilate up and down. Explain why this oscillation
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Switch on the power supply. Increase the length / until you can see that the
amplitude of the vibration is at 2 maxiraum,

Determine, as accurately as possible, the length /; at which this resonance
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Explain carefully how you ensured that your value for /; was as accurate as

possible. (l) -F-‘vw ' see]
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Estimate the percentage uncertainty inyour value for ;.
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Use your value of /; to calculate the wavelength A of the stationary (standing)
wave,
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() () If 7 is increased without changing the mass M a stationary wave with two
antmodes can be formed. Draw below the shape of this oscillation.
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On your sketch mark with an X where the magnet may be placed to produce the
greatest effect. . both l‘ + La. Mﬂtafdiﬁ)
(ii) Increase / and adjust the position of the magnet until you can see that the
amplitude of this mode of vibration is at 2 maximum. Determine an accurate
value of this length, . - ,0,, 2..0.[ £ 36 mm
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(c) Take measurements to determine the diameter o of the wire.
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The density p of the material of the wire is given by:
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where £ is the frequency. of the a.c. supply that is written
Calculate a vaiue for p.
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Question 1C

You are io plan an investigation of how the magnetic field strength varies along the axis of a
solenoid. You are then to analyse a set of data from such an experiment.

(@) (i) A solenoid is set up as shown in the diagram below. Add fo the diagram the
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circuit you would connect to the solenoid to set and maintain a known value of
cutrent in the solenoid.
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(1) Draw how you would place a Hall probe to measure the magnetic field strength
at a point along the axis a distance x from the centre C of the solenoid. You
should draw the Hall probe outside the solenoid and should take care to show the
orientation of the chip (sensor) correctty. ) ‘ pju's;(',ml :r cfﬁw
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(iii) Describe how you would determine the distance x. You may add to the diagram
if you wish.
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(b) The solenoid has a length of 276 mm and has 337 turns. When the current in the
solenoid was adjusted to 500 mA, the calibrated Hall probe indicated that the magnetic

field strength at the centre of the solenoid was 0.761 mT.

The magnetic field strength B at the centre of a solenoid having » tuns per metre is

given by:

B=

when the current in the solenoid is 1.
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Discuss the extent to which you think that the Hall probe is correctly calibrated.
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(¢) The followmg data were obtained when the magnetic field strength B was measured
" along the axis at different distances x from the centre of the solenozd kcepmg the

current constant at 500 mA.

x/ mm B/mT

0 0.761

490 0.760

30 0.706

: 120 0.549

140 16.330

150 0.217

160 0.151

180 0.077

200 0.032

Plot a graph of B against x on the grid opposite.
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(d} Theory suggests that the magnetic field strength at the end of a long solenoid-is
exactly half that at its centre. Discuss the extent to which this expenment supports

this suggestion.
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