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[ Instructions ]

O Use black ink or ball-point pen.

O Fillin the boxes at the top of this page with your name,
centre number and learner registration number.

O Answer all questions.

O Answer the questions in the spaces provided
— there may be more space than you need.

[ Information ]

O The total mark for this paper is 90.
O The paper is comprised of three sections worth 30 marks each
— Section A: Periodicity and Properties of Elements
— Section B: Structures and Functions of Cells and Tissues
- Section C: Waves in Communication.
O The marks for each question are shown in grey boxes
— use this as a guide as to how much time to spend on each question.
O  The periodic table of elements and formulae sheet can be found at the back of
this paper.

[ Advice ]

O Read each question carefully before you start to answer it.
O Try to answer every question.
O Check your answers if you have time at the end.
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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box X. If you change your mind about
an answer, put a line through the box ¢ and then mark your new answer with a cross [X.

Section A - Periodicity and Properties of Elements

Chemists use the periodic table to predict the chemical properties of elements based on their
location in the table.

Part of the periodic table is shown.

1 2 3 4 5 6 7 0
1
2
3 1A C
4 D
5 B
6
The letters, A, B, C and D, represent four different elements. ]

(@) (i) Which element, A, B, Cor D, is in the d-block of the periodic table?
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(ii) Which element, A, B, C or D, has the most stable electronic structure?
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(iii) Which element, A, B, C or D, reacts violently with water?
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(b) An element has the electronic configuration 1s? 2s'

Identify which period the element is in.

(c) Complete the electronic configuration for an atom of sodium.

Total for Question 1 =5 marks
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Magnesium chloride, MgClL,, is an important industrial chemical.

It can be made by reacting magnesium with dilute hydrochloric acid.

(a) Give one use of magnesium chloride.

(b) Calculate the relative molecular mass for magnesium chloride.

Show your working.
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(c) Draw dot and cross diagrams to show the arrangement of the outer electrons in
the magnesium ion and the two chloride ions in magnesium chloride, MgCl..
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(d) Calculate the number of moles of hydrochloric acid in 50 cm?® of 0.2M
hydrochloric acid.

Show your working.

Total for Question 2 = 9 marks
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Copper wire is used in electric cables because it is ductile and a conductor
of electricity.

The properties of copper are related to its structure.

(a) Explain why copper is ductile.

(b) Explain why copper is a conductor of electricity.

Total for Question 3 = 6 marks
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Industrial chemists have to understand the chemistry of oxides.

For example, silicon dioxide is used in glass making and carbon monoxide is used
in the extraction of iron from iron ore.

(@) (i) Explain how burning carbon in air can lead to the formation of
carbon monoxide.

(i) Write the balanced equation for the reaction between silicon and oxygen.

Period 3 elements bond with oxygen to form oxides.

The type of bonding in these oxides depends on the
electronegativity of each element in the oxide.

The table shows the electronegativity of some period 3 elements, as
well as for oxygen.

element electronegativity
of element
magnesium 1.31
silicon 1.90
sulfur 258
oxygen 3.44
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(b) Explain how bonding in the oxides of elements in period 3 changes across

the period.

Total for Question 4 = 10 marks

END OF SECTION

TOTAL FOR SECTION A = 30 MARKS
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Section B - Structure and Functions of Cells and Tissues

Scientists researching fertilisation in humans need to understand how sperm cells are
adapted for their specific function.

The diagram shows a human sperm cell.

(@) Complete the missing labels, X and Y, on the diagram.

mid-piece

f_%

S0

| vauvSHLNIZINMON OG-

10

S 5 2 5 3 6 A 01 0 3 1

V33UV SIHL NI ILIIM LONOd

lonoa

CRRKRR

(XX

Y3V SIHLNI3LN




DO:NOT WRITE IN-THIS AREA

DO NOT WRITE IN THIS AREA

‘DONOT WRITE IN-THIS AREA

(b) Explain how the mid-piece of a human sperm cell is specialised to support the

function of its tail.

Total for Question 5 = 5 marks
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A microbiologist studies microscopic lifeforms such as bacteria in order to learn
more about their structure and function.

(@) Name the type of ribosome found in bacteria.

(b) Explain how the ultrastructure of a bacterium capsule prevents dehydration.
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A microbiologist measures an electron micrograph image of a bacterium to be
4.5 cmin length.

The magnification used to view the bacterium was 22 500x.

(c) Calculate the actual size of the bacterium.

Show your working.

Total for Question 6 = 6 marks
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striated appearance.

(b) Explain the function of the sarcoplasmic reticulum in skeletal muscle tissue.

555555555555




DO:NOT WRITE IN-THIS AREA

DO NOT WRITE IN-THIS AREA

DO NOT WRITE INTHIS AREA

BLANK PAGE

QUESTION 8 BEGINS ON THE NEXT PAGE.
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Neurologists study the response of the nervous system to stimuli.

A stimulus triggers a sequence of events known as an action potential in
a neuron.

The graph shows the potential difference across the membrane of an axon during
an action potential.

+30mV |
O =
membrane i +
potential i
(mV) i
-70 mV A
-90mV L @ o

time (ms)

(@) Describe the changes in membrane permeability at point 1 on the graph.
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(b) Explain how hyperpolarisation occurs in an axon cell.

Total for Question 8 = 8 marks
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The diagrams show two types of epithelial tissue found in the lungs; squamous
and columnar.

columnar epithelium

squamous epithelium

T e e

Explain how the structure of the squamous and columnar epithelial tissue supports

their function in the lungs.

18
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Total for Question 9 = 6 marks

END OF SECTION TOTAL FOR SECTION B = 30 MARKS
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Section C - Waves in Communication ]

A flute is a musical instrument. It is used to play a note into a microphone
connected to a cathode ray oscilloscope (CRO). The CRO displays the output of
the note played. This is shown in diagram A.

A tuning fork is also used to produce the same note. The CRO display of this note
is shown in diagram B.

The CRO display settings are the same for both.
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diagram A diagram B

(a) Identify two differences between the note displayed in diagram A and the note

displayed in diagram B.
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(b) Name the type of waveform that transfers the sound from the flute to
the microphone.

(c) Describe how the vibrating air inside the flute produces a stationary wave.

Total for Question 10 = 6 marks
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An endoscope is a device that doctors use to look at organs inside the body.

An endoscope contains bundles of optical fibres that can also be used to illuminate
the organ being investigated.

A diagram of an endoscope that uses some optical fibres for illumination is shown.

Oesophagus

Endoscope

Stomach

Light
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(a) Identify the diagram, A, B, C or D, that shows the path of a light ray in an optical
fibre that would illuminate the organ.
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The refractive index of the optical fibre is 1.48

The speed of light in air is approximately 3x108 m/s

(b) Calculate the speed of light in the optical fibre.

Show your working.

Speed of light =

m/s
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A technician who is using the endoscope accidentally bends the optical fibres to
a very sharp angle. The optical fibres do not crack or break.
He notices that the brightness of the light leaving the optical fibres is reduced.
(c) Explain why the brightness of the light is reduced.

Optical fibres use digital signals for communication.

Digital signals are clear and of high quality. They can carry a lot of data.
(d) Explain one other advantage of using digital signals in long

distance communication.
Total for Question 11 = 8 marks
/
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Light from a sodium-vapour lamp passes through the slits in a diffraction grating
and creates a pattern on a screen.

This pattern is called an emission spectrum.

(@) Which property of light produces the pattern on the screen?

[0 A absorption
[] B interference
[J C reflection

[J D refraction

For a clear diffraction pattern to be produced on the screen, the light passing
through the diffraction grating has to have coherence.

(b) Describe what is meant by coherence.
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(c) Explain how the diffraction grating produces an emission spectrum.

You can use a labelled diagram to help your explanation

Total for Question 12 = 7 marks
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Various parts of the electromagnetic spectrum are used for communication.
An electromagnetic wave has a frequency of 4.5 x 10° Hz.

The speed of light is 3 x108 m/s

(@) Show that the wavelength of the electromagnetic wave is approximately 7.0 cm.

Show your working.
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(b) Discuss the advantages and disadvantages of using radio waves and microwaves

in communication.
6 marks

TOTAL FOR SECTION C = 30 MARKS
TOTAL FOR PAPER = 90 MARKS
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[ Formulae Sheet ]
Wave speed v=fA
_ T
Speed of a transverse wave on a string V= u
oo c sini
Refractive index n=—=—-
v sinr
o _ 1
Critical angle sinc = -
: : : : k
Inverse square law in relation to the intensity of awave [ = 2
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