edexcel 2020 A P3

Answer ALL questions in the spaces provided.

1 A teacher is explaining the differences between accuracy and precision to her students.
She draws the following diagram, which shows different degrees of accuracy and
precision. The circles represent targets A, B, C and D and the dots represent arrows
hitting the targets.
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Explain how targets A, B, C and D represent differing degrees of accuracy and precision.

(Total for Question 1 =4 marks)
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2 A student released a ping pong ball in front of a metre rule and used a phone camera to
record the motion of the ball as it fell. The phone camera captures 60 images per second,
which may be played back one image at a time.

(a) The ball was dropped from a height such that it reached its terminal velocity as it
passed the metre rule.

(1) Explain how the terminal velocity of the ball could be determined using the
phone camera recording.

(b) This experiment could have been attempted using a stopwatch to measure the time as
the ping pong ball fell.

Explain an advantage of using a phone camera rather than a stopwatch.

(Total for Question 2 = 8 marks)
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3 Genuine crystal balls are made from clarified quartz rather than glass.
A student was given a small crystal ball and wanted to know whether it was genuine.

(a) The mean diameter of the crystal ball was measured to be 5.06 cm and the mass of
the crystal ball was measured to be 175g.

Show that the density of the material of the crystal ball is about 2600 kgm™.
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(b) The student measured the diameter of the crystal ball using vernier calipers with a
resolution of 0.01 cm.
She measured the mass of the crystal ball using a balance with a resolution of 1 g.

The table gives the densities of clarified quartz and glass.

Material Density / kgm™
Clarified quartz 2650
Glass 2590

Determine whether the crystal ball was genuine.

(Total for Question 3 = 9 marks)

R 000 A )OO R0 0 7
Turn over »
P 6 7 0 9 8 A 0 7 3 6 urnove




DO:NOTWRITE IN.-THIS AREA

DO'NOTWRITE IN THISAREA

DO NOTWRITE INTHIS AREA

edexcel 2021 p3

5 A student measured the height / of a liquid column in a capillary tube. She used a
travelling microscope to make measurements of the positions of the top and bottom of

the liquid column.

The travelling microscope consists of a simple microscope that can be moved vertically

along a vernier scale.

h capillary tube

liquid —_|

= microscope
eyepiece
vernier scale
L\

(a) The student used a capillary tube with an internal radius » equal to 0.10 mm and
recorded the following readings from the vernier scale.

Bottom of liquid column / cm

12.00

Top of liquid column / cm

27.10

(1) State the uncertainty in each of these readings.
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(111) The student repeated the measurement of % for capillary tubes of different radii.

The table shows the student’s final data.

r/ mm

1/r h/cm

0.09

11.1 16.56

0.10

10.0 15.1

0.12

8.3 12.6

0.15

6.7 10.33

Criticise the student’s recording of the data.

(b) The student plotted the following graph.
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(1) Determine the height of the liquid column that the student could expect for a
tube with an internal radius of 0.11 mm.

3)
Height of liquid column = ...
(i1) In her notes it stated that
k :
h= - where £ is constant
Assess the extent to which the student’s data supports this relationship.
4)

(Total for Question 5 = 12 marks)
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2 A student was given a box of identical glass microscope slides and asked to determine
the density of the glass. She used a micrometer to measure the thickness of one of the
slides. She repeated this measurement twice in different places and calculated a mean
value for the thickness. The thickness of each slide was approximately 1 mm.

(a) Explain how she should have measured the thickness of the slides in order to
minimise the percentage uncertainty.

(b) In her report she wrote

"My value for the mass of the glass slides was precise, because I
measured the mass using an electronic balance which was accurate to
the nearest 0.01g. I reduced the effect of random error by repeating
the measurement several times.”

Comment on this statement.

(Total for Question 2 = 6 marks)
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7

11 The photograph shows some metal washers. A student carried out an experiment to
determine the density of the metal the washers are made from.

(Source: © NJH Photography/Shutterstock)

Each washer has a diameter d, of about 4.5cm. The internal diameter d, of each washer
1s about 2.5 cm. Each washer has a thickness ¢ of about 4 mm.

d

A
\®

d

2

(a) The student used a half metre rule to make measurements of a washer.

Comment on the student’s choice of measuring instrument.
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(b) The student measured ¢ for each of the five washers and then calculated a
mean value.

Explain how the student could modify her method to obtain a more accurate mean
value for ¢.

(c) The student obtained the following mean values.
d =4.52cm+0.02cm
d,=2.53cm+0.02cm

She calculated the area 4 of a washer indicated by the shaded section below.

She used the formula 4 = %(dl + afz)(a'l — a’z)

(1) Show that the percentage uncertainty in her value for the area of a washer is
about 3%.
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(i1) The student obtained the following values of ¢ for each of the five washers.
t/mm | 43 | 42 | 41 | 39 | 4.0
The table shows the density of iron and steel.
Metal Iron | Steel
Density/gem™ | 69 | 7.9
Deduce whether the washers are made from iron or steel.
mean mass of a washer =32.0¢g
The uncertainty in the mass is negligible.
(6)
(Total for Question 11 = 16 marks)
TOTAL FOR PAPER =120 MARKS
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