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2
You may not need to use all of the materials provided.
1 In this experiment, you will investigate the density of a liquid.

(@) (i) You have been provided with a U-tube containing coloured water. The U-tube has two
sides, A and B, as shown in Fig. 1.1.

The wooden strip is supported by a stand and clamp (not shown in Fig. 1.1).

11 11 wooden strip
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Fig. 1.1
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*  You are provided with a beaker containing oil.

Use the pipette to slowly put oil into A. Wait to allow the oil to reach the water
surface.

The final length of the oil column above the water in A is F. Continue adding oil until
F is approximately 7 cm, as shown in Fig. 1.2.

(o= A B |

oil column

Fig. 1.2

. Measure and record F.

© UCLES 2022 9702/33/FIM/22




(ii)
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Use the pipette to slowly put oil into B. Wait to allow the oil to reach the water
surface.

The final length of the oil column above the water in B is h. Continue adding oil until
h is approximately 3cm, as shown in Fig. 1.3.

L Ly
= B |

oil column

Fig. 1.3

Measure and record h.

The height of the water level in A is a, and the height of the water level in B is b, as
shown in Fig. 1.3.

Measure and record a and b.

B T e
D =
Calculate y using
y=b-—a
Y T e
[2]
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(b) Repeat (a)(ii) with increasing amounts of oil in B until you have six sets of values of h, a, b
and y.

Record your results in a table. Some of your values of y may be negative.

[7]
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(c) (i) Plota graph of y on the y-axis against h on the x-axis. [3]
(ii) Draw the straight line of best fit. [1]

(iii) Determine the gradient and y-intercept of this line.

gradient = ...

Y-INTErCEPt = oo
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8
(d) Itis suggested that the quantities y and h are related by the equation
y=Ph+Q
where P and Q are constants.

Use your answers in (c)(iii) to determine the values of P and Q.
Give appropriate units.

(e) Calculate the density p of the oil using the relationship
QR=Fp
where R is a constant with value 1.0gcm=3.

Include an appropriate unit and give your answer to an appropriate humber of significant
figures.

[Total: 20]
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You may not need to use all of the materials provided.
2 In this experiment, you will investigate the oscillations of a spring system.

(@) (i) * Assemble the apparatus as shown in Fig. 2.1.
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clamp
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L

Fig. 2.1

*  Adjust the apparatus so that the rods of the clamps are approximately 55cm apart,
as shown.

*  Roll the modelling clay into a sphere.

*  Measure and record the diameter d of the sphere.

(ii) Estimate the percentage uncertainty in your value of d.
Show your working.

percentage uncertainty =
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(b)
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Cut the sphere in half.

Reverse the two halves and then press them together firmly around the joint between the
first and second springs, as shown in Fig. 2.2.

|r=_l||
[ |

modelling
clay

modelling
clay

Fig. 2.2

Record the number n of springs above the modelling clay.

Pull the modelling clay down a short distance and release it so that it oscillates vertically.

Determine the period T of the oscillations.
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() * Remove the modelling clay from the springs.
*  Cut away a quarter of the clay and roll the remaining modelling clay into a sphere.

. Measure and record d.

*  Repeat (b) but this time press the modelling clay around the joint between the second
and third springs.

Dl S e
T o e
[3]
(d) Itis suggested that the relationship between d, nand T is
d3n (4 — n) = kT?
where K is a constant.
(i) Using your data, calculate two values of k.
firstvalue of K= ..o
second value Of K = ..o
[1]

© UCLES 2022 9702/33/FIM/22




12
(ii) Justify the number of significant figures you have given for your values of k.

(e) Itis suggested that the percentage uncertainty in the values of k is 20%.
Using this uncertainty, explain whether your results support the relationship in (d)(i).
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(ii)
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Describe four sources of uncertainty or limitations of the procedure for this experiment.

For any uncertainties in measurement that you describe, you should state the quantity
being measured and the reason for the uncertainty.

Describe four improvements that could be made to this experiment. You may suggest
the use of other apparatus or different procedures.

[Total: 20]
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