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By: S. James 

"The hardest problems of pure and applied science can 

only be solved by the open collaboration of the world-

wide scientific community."   

Kenneth G Wilson 
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Pearson BTEC Level 3 National Diploma in Applied Science 

 

Introduction  

Pearson has developed the content of the new BTEC Nationals in collaboration with employers and 
representatives from higher education and relevant professional bodies. In this way, we have ensured that 
content is up to date and that it includes the knowledge, understanding, skills and attributes required in the 
sector. 
 
Each qualification in the suite has its own purpose. The mandatory and optional content provides a balance 
of breadth and depth, while retaining a degree of choice for individual learners to study content relevant to 
their own interests and progression choices. Also, the content may be applied during delivery in a way that 
is relevant to local employment needs. 
The proportion of mandatory content ensures that all learners are following a coherent programme of study 
and acquiring the knowledge, understanding and skills that will be recognised and valued. 
 
Learners are expected to show achievement across mandatory units. BTEC Nationals have always required 
applied learning that brings together knowledge and understanding (the cognitive domain) with practical and 
technical skills (the psychomotor domain). This is achieved through learners performing vocational tasks 
that encourage the development of appropriate vocational behaviours (the affective domain) and 
transferable skills. Transferable skills are those such as communication, teamwork, research and analysis, 
which are valued in both higher education and the workplace. Our approach provides rigour and balance, 
and promotes the ability to apply learning immediately in new contexts. 

 

Who is this qualification for? 

The Pearson BTEC Level 3 National Diploma in Applied Science is intended as an Applied General 

qualification for post-16 learners who want to continue their education through applied learning and 

who aim to progress to higher education, and ultimately to employment in the applied science sector.  

The qualification is equivalent in size to two A Levels, and it has been designed as part of a two-year 

programme, normally alongside a further Level 3 qualification. 

Learners who wish to take this qualification will have successfully completed a Level 2 programme 

of learning with GCSEs or vocational qualifications.  

Other Entry requirements 

 Grade 4 or above in GCSE Science  

 Grade 4 or above in GCSE Maths  
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What does this qualification cover? 

The content of this qualification has been developed in consultation with academics to ensure that it 

supports progression to higher education. Employers and professional bodies have also been involved 

and consulted to confirm that the content is appropriate and consistent with current practice. 

This qualification enables learners to acquire substantial cross-sector scientific knowledge and 

practical scientific skills, including carrying out practical laboratory tasks, planning investigations, 

collecting, analysing and presenting data, and reviewing and refining the methodology of practical and 

laboratory-based work. 

What will I learn? 
 
Pearson BTEC Level 3 National Diploma in Applied Science 
Mandatory units 
There are 6 mandatory units. Learners must complete and achieve at pass grade or above all the units in 
mandatory group A: 3 external and 1 internal. Learners must complete both mandatory units in group B and 
achieve a pass or above in at least 1 unit. 
 

Pearson BTEC Level 3 National Diploma in Applied Science 

 
Unit  
content 

 GLH Type  How assessed  

 Mandatory group A units – learners complete and achieve all unit 
1 Principles and 

Applications of 
Science I 

90 Mandatory External 

3 Science Investigation 
Skills 

120 Mandatory 
Synoptic 

External 

5 Principles and 
Applications of 
Science II 

120 Mandatory  External  

6 Investigative Project 90 Mandatory 
Synoptic 

Internal 

 Mandatory group B units - learners complete all units 

2 Practical Scientific 
Procedures and 
Techniques 

90 Mandatory Internal 

4 Laboratory Techniques 
and their 
Application 

90 Mandatory Internal 

 Optional units – learners complete 2 units 

8 Physiology of Human 
Body Systems 

60 Optional  Internal 

15  
 

60 Optional Internal 

 

 

How will I be assessed? 
Assessment is specifically designed to fit the purpose and objective of the qualification. It includes a range of 
assessment types and styles suited to vocational qualifications in the sector. There are three main forms of 
assessment that you need to be aware of: external, internal and synoptic. 

 

Externally-assessed units 
Each external assessment for a BTEC National is linked to a specific unit. All of the units developed for 
external assessment are of 90 or 120 GLH to allow learners to demonstrate breadth and depth of 
achievement. Each assessment is taken under specified conditions, then marked by Pearson and a grade 
awarded. Learners must achieve all external units at pass grade or above. Learners are permitted to re-sit 
any external assessment only once during their programme. 
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The styles of external assessment used for qualifications in the Applied Science suite are: 

• Examinations – all learners take the same assessment at the same time, normally with a written outcome 

• Set tasks – learners take the assessment during a defined window and demonstrate understanding through 

completion of a vocational task. 
 
Some external assessments include a period of preparation using set information. External assessments are 
available twice a year. 

 
 

 

Internally-assessed units 
Most units in the sector are internally assessed and subject to external standards verification. This means 
that you set and assess the assignments that provide the final summative assessment of each unit, using 
the examples and support that Pearson provides. Before you assess you will need to become an approved 
centre, if you are not one already.  
 
In line with the requirements and guidance for internal assessment, you select the most appropriate 
assessment styles according to the learning set out in the unit. This ensures that learners are assessed using 
a variety of styles to help them develop a broad range of transferable skills. Learners could be given 
opportunities to: 

• write up the findings of their own research 

• use case studies to explore complex or unfamiliar situations 

• carry out projects for which they have choice over the direction and outcomes 

• demonstrate practical and technical skills using appropriate equipment, procedures and techniques. 

You will make grading decisions based on the requirements and supporting guidance given in the units. 
 

 

 
Synoptic assessment 
Synoptic assessment requires learners to demonstrate that they can identify and use effectively, in an 
integrated way, an appropriate selection of skills, techniques, concepts, theories and knowledge from across 
the whole sector as relevant to a key task. BTEC learning has always encouraged learners to apply their 
learning in realistic contexts using scenarios and realistic activities that will permit learners to draw on and 
apply their learning. For these qualifications we have formally identified units to be a focus for synoptic 
assessment. Centres need to plan appropriate delivery of units with synoptic assessment to ensure that 
learners would be ready to take assessment as they are expected to be able to draw on a range of content. 
Synoptic units may be internally or externally assessed. 
 

Resubmission of evidence 
Opportunities for resubmission of evidence 
 
Because every assignment contributes towards the final qualification grade, learners are 
allowed one resubmission of evidence for each assignment. 
 
Your Lead Internal Verifier can authorise a resubmission which ensures any resubmissions 

are fairly and consistently implemented for all learners. 
 

 
 

 

 
 

When can a Lead Internal 
Verifier authorise a resubmission? 
 
The Lead Internal Verifier can only authorise 
a resubmission if all of the following 
conditions are met: 

 the learner has met initial deadlines 
set in the assignment, or has met an 

What if a learner does not 
meet all of these 
conditions? 
 
! If a learner has not met these 
conditions, the Lead Internal 
Verifier must not authorise a 

resubmission. 
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Grading for units and qualifications 
Achievement in the qualification requires a demonstration of depth of study in each unit, assured acquisition 
of a range of practical skills required for employment or progression to HE, and successful development of 
transferable skills. Learners achieving a qualification will have achieved across mandatory units including 
external and synoptic assessment. 
 
Units are assessed using a grading scale of Distinction, Merit, Pass and Unclassified. All mandatory and 
optional units contribute proportionately to the overall qualification grade, for example a unit of 120 GLH will 
contribute double that of a 60 GLH unit. 
Qualifications in the suite are graded using a scale of P to D*, or PP to D*D*, or PPP to D*D*D* 
The relationship between qualification grading scales and unit grades will be subject to regular review as 
part of Pearson’s standards monitoring processes on the basis of learner performance and in consultation 
with key users of the qualification. 

 

 
 

Recognition by UCAS- Pearson Level 3 National Diploma 
We are in consultation with UCAS to ensure that these BTEC Nationals will continue to meet higher education 
requirements. Please go to the UCAS website for full details of points allocated 

  

Grade  Tariff points  

D*D* 112 

D*D 104 

Forms and deadlines 
If the Lead Internal Verifier does authorise a resubmission, it must be: 

 recorded on the assessment record 

 given a deadline for resubmission within 15 working days* of the learner 
receiving the results of the assessment 

 undertaken by the learner with no further guidance 
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DD 96 

DM 80 

MM 64 

MP 48 

PP 32 

 

 

Calculation of the qualification grade 
The final grade awarded for a qualification represents an aggregation of a learner’s performance across the 
qualification. As the qualification grade is an aggregate of the total performance, there is some element of 
compensation in that a higher performance in some units may be balanced by a lower outcome in others. 
 
BTEC Nationals are Level 3 qualifications and are awarded at the grade ranges shown in the table below. 
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Unit in brief 
This unit covers some of the key science concepts in biology, chemistry and physics. Further key science 
concepts are considered in Unit 5: Principles and Applications of Science II. 

 

Unit introduction 
Scientists and technicians working in science and science-related organisations must have a good 
understanding of core science concepts. A strong grasp of these concepts will enable you to use and apply 
this knowledge and understanding in vocational contexts when studying other units within this specification. 
The topic areas covered in this unit include: animal and plant cells; tissues; atomic structure and bonding; 
chemical and physical properties of substances related to their uses; waves and their application in 
communications. Scientists and technicians working in the chemical industry need to have an understanding 
of atoms and electronic structure. This allows them to predict how chemical substances will react in the 
production of a wide range of products – anything from fertilisers in the farming industry to fragrances in the 
perfume industry. Metals play an important role in the construction industry, in providing the structure to 
buildings, as well as in electrical wiring and the production of decorative features. So understanding the 
chemical and physical properties of metals is essential when selecting appropriate building materials. 
 
Medical professionals need to understand the structure and workings of cells. They build on this knowledge 
to understand how the body stays healthy as well as the symptoms and causes of some diseases. This 
allows them to diagnose and treat illnesses. The study of bacterial prokaryotic cells gives an understanding 
of how some other diseases are caused and can be treated. Scientists and technicians in the food industry 
also need to understand the structure and function of plant cells to enable them to develop food crops that 
produce greater yields. 
 
Knowledge of waves is essential in a wide range of industries and organisations. In the communication 
industry, scientists and technicians apply their knowledge of the electromagnetic spectrum when designing 
mobile phone and satellite communication, and fibre optics are used to transmit telephone and television 
signals. Fibre optics is also used in diagnostic tools in medicine. 
 
In this unit you will draw on your learning from across your programme to complete assessment tasks. The 
knowledge and understanding you will learn in this unit will provide a strong basis for you to progress in the 
science sector and to a variety of science and related programmes such as higher nationals and degrees. 
 
 
 

 
 

 

 

 
 

 

 

 
 

Unit in brief 
Learners will be introduced to quantitative laboratory techniques, calibration, chromatography, calorimetry 
and laboratory safety, which are relevant to the chemical and life science industries. 

 

Unit introduction 

 

Unit 2: Practical Scientific Procedures and 
Techniques 
Level: 3 

Unit type: Internal 
Guided learning hours: 90 

 

Unit 1: Principles and Applications of Science I 
Level: 3 
 

Unit type: External 
 
Guided learning hours: 90 
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This unit introduces you to standard laboratory equipment and techniques, including titration, colorimetry, 
calorimetry, chromatography, calibration procedures and laboratory safety. Through the practical tasks in 
the unit, you will develop proficiency in the quantitative analytical techniques of titration and colorimetry, 
including learning to calculate the concentration of solutions. You will use measurement of temperature to 
study cooling curves and be introduced to paper and thin-layer chromatography (TLC). You will also have 
the opportunity to calibrate equipment and will be encouraged to be aware of the safety aspects of given 
laboratory procedures and techniques. 
While you develop your practical competence, the discussion and analysis of group results will allow you to 
understand your progress in relation to that of others and also to gain an understanding of the reliability, 
repeatability and reproducibility of various procedures and techniques. You will have the opportunity to use 
problem-solving skills when you undertake calorimetry work. There is scope throughout the unit to reflect on 
the skills you have gained and how you may develop further. . 
 
The fundamental knowledge, practical skills, transferable skills – for example, organisation, self-assessment 
and problem-solving, and the ability to interpret data – all developed in this unit will give you confidence 
when you undertake the more complex practical techniques involved in higher education science courses 
such as biochemistry, chemistry, forensic science and environmental science. 
 
The experience you gain will be invaluable when you begin your career as a trainee laboratory technician in 
industries such as contract analysis, oil, biopharmaceuticals, water treatment, and polymers. Employers in 
these industries will appreciate your ability to follow written scientific procedures and your desire to ensure 
accuracy by using techniques correctly and by checking that equipment – for example, pipettes, balances, 
pH meters and thermometers – is calibrated correctly and that appropriate standard calibration 
documentation has been completed. 
 

 

 

Unit introduction 
Advancement in science and technology has produced great benefits for society. This advancement depends 
on research and investigative approaches in science and technology. In research, development, analytical 
and industrial laboratories, laboratory technicians and scientists are employed to safely carry out practical 
investigations, or follow prescribed laboratory procedures. 
They repeat measurements to obtain consistent, reliable results. They use investigative skills, including 
planning, recording and interpreting data, analysing and evaluating findings in order to test a hypothesis to 
inform further research and development. 
 
In this unit, you will develop the essential skills underpinning practical scientific investigations. 
As well as drawing on Unit 1 and Unit 2, these skills will be delivered through subject themes ranging from 
enzymes and diffusion to electrical circuits. The subject themes provide different ranging from enzymes and 
diffusion to electrical circuits. The subject themes provide different contexts for the development of the 
investigative skills. In this unit you will draw on your learning from across your programme to complete 
assessment tasks. 
 
Science investigative skills will help you in many scientific or enquiry-based learning courses in higher 
education, as well as prepare you for employment in a science-related industry. 

 

Summary of assessment 
This unit will be assessed through a written task book (Part B) worth 60 marks. The task is set and marked 
by Pearson and will be completed in one sitting, within a supervised assessment period of one week. 
 

Unit 3: Science Investigation Skills 
Level: 3 
Unit type: External 
Guided learning hours: 120 

 

Unit in brief 
Learners will cover the stages involved and the skills needed in planning a scientific investigation: how to 
record, interpret, draw scientific conclusions and evaluate. 
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The assessment task will assess learners’ ability to plan, record, process, analyse and evaluate scientific 
findings, using primary and secondary information/data. 
 
In order to complete the written task, learners will need to obtain results/observations from a practical 
investigation. Pearson will release teacher/technician notes and guidance to centres to enable sufficient time 
for resource and trialling of the practical investigation. 
 
A task brief (Part A) and the written task book (Part B) will then be released by Pearson two weeks before 
the supervised assessment period. The task brief will allow learners to complete the practical investigation 
and obtain results required to complete their written task book, in one sitting lasting one hour and 30 
minutes, under supervised conditions. 
 
It is important to note that learners will not be assessed on their practical competence in this external 
assessment. 
 
The assessment availability is in January and May/June. The first assessment availability is 
May/June 2017. 
 
 
 
 
 
 

 

 
 

 

 

 

 
 

 

Unit in brief 
This unit covers the importance of health and safety in work place laboratories, how data is stored and 
communicated and how organic liquids and solids are made and tested industrially. 

 

 
 

Unit introduction 
In this unit, you will investigate a scientific organisation to gain an understanding of how it operates. You will 
investigate health and safety practices in the organisation’s laboratories and consider related primary and 
secondary legislation. You will also have the opportunity to compare the approach taken to hazards and risk 
management in different part of the organisation, for example production, the warehouse, the office. It is 
important to realise that, whether you progress to employment in the science industry or to higher 
education in science, you will have to be aware of the relevant hazards and to follow the practices that have 
been developed for your safety. 
 
You will gain a valuable insight into the operation of the pharmaceutical and bulk chemistry industries by 
making and testing two organic compounds – a liquid and a solid – exploring how industrial production 
differs from the process that you carry out in the laboratory. You will also investigate the different methods 
for testing the purity of the products. 
 
Management of data/information is becoming increasingly sophisticated. You will investigate how 
data/information within the organisation is stored, used and communicated. You will learn about the 
procedures used for recording laboratory information that ensure it is sufficiently detailed, accessible and 
traceable. Large amounts of data are available for others to use for research purposes, for example by 
organisations interested in DNA sequencing or in healthcare. You will explore how these data may be used 
and consider the benefits and issues associated with accessing and with making large quantities of data 
available for research. 
 
Not only will this unit give you some understanding of the workplace environment you may enter after 
finishing this course or after completing a scientific higher education programme, it will also allow you to 

Unit 4: Laboratory Techniques and their 
Application 
Level: 3 

Unit type: Internal 
Guided learning hours: 90 
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develop an appreciation of how laboratory preparation and testing of compounds may be scaled up by 
industry, and of how data is managed within the organisation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

 

 

 
 

Unit in brief 
This unit builds on and extends the range of key science concepts in biology, chemistry and physics that 
were covered in Unit 1: Principles and Applications of Science I. 

Unit introduction 
It is important that scientists and laboratory technicians are able to use and apply key science concepts to 
work efficiently and effectively in science and science-related organisations. This unit builds on and extends 
the range of key science concepts that you covered in Unit 1: Principles and Applications of Science I. A 
strong grasp of these concepts will enable you to use and apply this knowledge and understanding in 
vocational contexts when studying other units in this specification. 
 
This unit includes: properties, uses and production of some inorganic compounds; structures, reactions and 
properties of commercially important organic compounds; enthalpy changes; the cardiovascular system; 
ventilation and gas exchange in the lungs; urinary system structure and function; cell transport 
mechanisms; thermal physics; physical properties of materials; and fluids in motion. 
 
It is essential, for example that chemists understand how the uses of chemical substances relate to their 
physical and chemical properties, as does their method of production and extraction. 
Scientists and technicians working in a range of industries, such as the medical or plastics industries, need a 
good working knowledge of the structure of organic chemicals and their physical and chemical properties. 
Knowledge of the energetics of chemical reactions is necessary for scientists working in industry in order to 
ensure safe, efficient processes are used in the production of chemical substances. In the medical and 
pharmaceutical industries, it is important for scientists and technicians to have a good knowledge and 
understanding of the working of the human body and body systems and apply this knowledge in preventing 
disease. They must also have an understanding of how diseases are diagnosed and treated. 
 
Scientists and engineers need a good understanding of the properties and behaviour of different materials to 
ensure they use materials that are fit for purpose. When designing machines and engines, it is important to 
know how the materials will behave under different conditions and forces. They must understand how 
energy is transferred in order to make efficient machines and engines. For example, engineers would need 
to understand how a spring will behave in a car suspension system, or how heat is transferred in a 
refrigeration unit. 
 
The knowledge and understanding you gain in this unit will give you a strong basis for progression in the 
applied science sector and to a variety of science and related programmes, such as higher nationals and 
degrees. 
 
 

 

Unit 5: Principles and Applications of 
Science II 
Level: 3 
Unit type: External 
Guided learning hours: 120 
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Unit in brief 
This unit enables learners to gain an understanding and the skills required to undertake an investigative 
project. 

 

Unit introduction 
In this unit, you will carry out an investigative project that you have chosen in collaboration with your 
teacher. 
 
You will choose one topic area that interests you and this will form the basis of your investigative project. 
You will carry out a scientific literature search and review, considering the project’s aims and objectives, 
then produce a realistic plan and carry out the project safely using your scientific investigation skills, project 
management skills and what you have learnt from the other units. Finally, you will prepare an evaluative 
report that will consider the project outcomes and suggest amendments that may have improved those 
outcomes. In this unit you will draw on your learning from across your programme to complete assessment 
tasks. 
 
Completing an investigative project is an excellent way for you to develop an understanding of the science-
related workplace. The skills developed in this unit will be of considerable benefit for progression to higher 
education in a variety of science and science-related courses and to employment in the science or applied 
science sector. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unit 6: Investigative Project 
Level: 3 
Unit type: Internal 
Guided learning hours: 90 
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Unit in brief 
Learners will focus on the physiological make up of three human body systems (musculoskeletal, lymphatic 
and digestive), how the systems function and what occurs during dysfunction. 

 

Unit introduction 
The human body is a complex mix of organs and organ systems. Knowledge of how they function to 
maintain human life is an essential part of the study of human physiology. In this unit, you will focus on 
three body systems: musculoskeletal, lymphatic and digestive. You will examine each of the systems as a 
functioning unit, identifying their structure and function. By exploring the anatomy of these systems, 
through experimentation and use of simulations, you will develop your knowledge and understanding of their 
role in the human body. 
 
You will also give attention to understanding the implications of what happens when the systems fail to work 
properly and the available treatments. The unit will be of particular interest if you are interested in sport, 
body-building and maintaining a healthy body. 
 
An understanding of the fundamental systems that make up the human body is a key requirement if you 
wish to progress to study health and care-related programmes or biomedical sciences in  
further education and at university. It is an essential requirement for a career in sport- and health-related 
disciplines, for example physiotherapist, sport trainer and exercise physiologist. 

Unit 8: Physiology of Human Body Systems 
Level: 3 
Unit type: Internal 
Guided learning hours: 60 
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Unit in brief  
This unit covers the principles of electricity, including measurements of electrical values and health and 
safety, the construction of circuits and their use in society today.  
Unit introduction  
In this unit, you will explore what electricity is, how to use measuring devices and construct circuits, as well 
as gain an understanding of the many varied applications of electricity in our everyday lives. Since Thomas 
Edison’s first demonstration of the electric lamp in 1879, it is difficult to imagine life without electricity and 
the immediate effects it provides. Despite advances in modern electronic devices, fundamental electrical 
principles still form the basis of electrical and electronic development in all aspects of life. The unit will 
provide you with the knowledge and skills necessary to undertake essential tasks related to electrical circuits 
and their components. You will perform practical investigations and report on aspects of electrical 
measurement,  using mathematical relationships to explain readings while developing an understanding of 
the importance of correct calculations in order to determine how circuits behave. You will study health and 
safety in relation to alternating current (AC) and direct current (DC) circuits and develop an understanding 
of the principles used by electrical safety devices. The different types of measuring devices will also be 
covered in detail, providing you with information about the methods used by various types of electrical 
equipment and the part played by transducer devices. This unit will help you progress to further education, 
to specialised electrical qualifications or help you to pursue a career as a science technician working in 
industry, education, health or modern research laboratories. The unit will give you knowledge and 
understanding of key electrical concepts. It can also help to develop your confidence in the use of 
instruments and measuring devices under safe working conditions.  

 

A STATEMENT ON PLAGIARISM 

Using someone else's ideas or phrasing and representing those ideas or phrasing as our 

own, either on purpose or through carelessness, is a serious offense known as plagiarism. 

"Ideas or phrasing" includes written or spoken material, of course — from whole papers and 

paragraphs to sentences, and, indeed, phrases — but it also includes statistics, lab results, 

art work, etc. This academy expects all students to follow the Harvard referencing guide (this 

issued in the introductory lesson) 

 Why do I need to reference? 

Referencing is necessary 

  to support your arguments by referring your reader to academic sources which confirm 

what you are saying; 

 to give credit to the other authors whose work you have quoted, or to whose work you 

have referred; 

  to avoid a charge of plagiarism; 

Unit 15: Electrical Circuits and their 
Applications 
Level: 3 

Unit type: Internal 
Guided learning hours: 60 
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 to allow the reader of your work to find the books, journal articles, web pages etc which 

you have read; and 

  to demonstrate that you understand the conventions of academic writing. 

When should I reference? 

You must provide a reference 

 every time you quote directly from the work of someone else; 

 every time you refer indirectly to the work of someone else, eg if you  

o paraphrase (put into your own words) what they have said; 

o summarise their arguments or ideas; 

o quote case studies, statistical data, known phrases, definitions etc; or 

o use information which you have obtained from their work; and when you wish to 

provide sources of further information, clarification of points you have made in 

your text, or additional evidence to support your arguments.  (Mair, L. (2015))  See 

the link below: 

RefME (2016) FREE Harvard Referencing generator & guide. Available at: 

https://www.refme.com/uk/referencing-generator/harvard/ (Accessed: 5 December 2015).  
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Plagiarism Agreement Form for BTEC Diploma in Applied 

Science    
 

Student Name:……………………………………………………………… 
 
 
ID Number: …………………….. Year: ………………… 
 
 
AVOIDING PLAGIARISM: A LEARNING AGREEMENT 
I have read and discussed the guidance notes ‘Plagiarism Guidance for Students.’ 

 
I acknowledge that, as a student of this University, I should work to develop my understanding of the 
meaning, significance and implications of plagiarism. 
 
I agree to participate in the provision made available by my School to develop good academic 
practice and an understanding of ways of referencing the work of others. 
 
I agree to take steps to avoid plagiarism, including seeking information on the rules and practices 
related to plagiarism which applies to my work. 
 
I accept that unacknowledged use of the work of others and presenting that work as my own 
represents cheating and, as such, can lead, in some circumstances, to me being required to leave the 
course. 
 
In return, the School which has principal responsibility for my programme: 

Will provide learning opportunities within the programme to develop awareness, at a level appropriate 
to the stage of study, of how to avoid plagiarism and its implications: 
Will respond to reasonable requests for clarification on what constitutes plagiarism and for advice on 
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Q1. 
The diagram below shows the human digestive system. 

  

(a)  Label organs A, B and C. 

(3) 

(b)  Complete the sentences. 

Choose the answers from the box. 
  

catalyse denatured digest energise 

excreted ingested insoluble soluble 

Digestion is the process of breaking down large food molecules into smaller 

molecules that are ____________________________ . 

Enzymes help to break down food because they ____________________________ 

chemical reactions. 

If the temperature of an enzyme gets too high, the enzyme is _________________ . 

(3) 

(c)  Protease is an enzyme. 

Protease breaks down protein. 

What is protein broken down into? 

Tick one box. 

  

Amino acids 
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Fatty acids 
 

Glucose 
 

Glycerol 
 

(1) 

(d)  Why is protein needed by the body? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(e)  Which organ in the human digestive system produces protease? 

Tick one box. 
  

Gall bladder 
 

Large intestine 
 

Liver 
 

Stomach 
 

(1) 

(f)   Describe how you would test a sample of food to show it contains protein. 

Give the reason for any safety precautions you would take. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

(4) 

(g)  Complete the sentence. 

Choose the answer from the box. 
  

fat fibre minerals vitamins 

Obesity can be caused by a diet high in _______________________ . 

(1) 

(h)  Complete the sentence. 

Choose the answer from the box. 
  

skin cancer type 1 diabetes type 2 diabetes 

Obesity is a risk factor for _______________________ . 

(1) 

(Total 15 marks) 

Q2. 
The graph below shows some changes that occur during the menstrual cycle. 

  

(a)  The graph above shows that the lining of the uterus thickens between days 7 and 
27. 

What is the purpose of thickening the lining of the uterus? 

Tick one box. 

  

To allow implantation of the embryo 
 

To break down waste 
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To prevent sperm reaching the egg 
 

(1) 

(b)  Which hormone causes thickening of the lining of the uterus? 

Tick one box. 

  

Auxin 
 

Oestrogen 
 

Testosterone 
 

(1) 

(c)  On which day is fertilisation most likely to occur? 

Use information from the graph above. 

___________________________________________________________________ 

(1) 

Contraception can be used to lower the chance of pregnancy. 

(d)  Draw one line from each method of contraception to how the method works. 

  

Method of 
contraception 

  
How the method 

works 

  

    
Barrier to prevent 

sperm reaching the egg 

Contraceptive pill     

    
Contains hormones to 

stop eggs maturing 

Diaphragm     

    
Kills 

sperm 

Spermicidal cream     

    
Slows down sperm 

production 

(3) 

(e)  The table below gives information about some different methods of contraception. 
  

Method Number of Possible Side effects 
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pregnancies per 100 
women in one year 

Diaphragm and 

spermicidal 
cream 

8 
Usually none, but can 

cause bladder infection 
in some women 

Condom 2 None 

Contraceptive pill 1 

Mood swings, 

headaches, high blood 
pressure, blood clots, 

breast cancer 

A man and a woman decide to use the condom as their method of contraception. 

Suggest three reasons for this decision. 

Use information from the table above and your own knowledge. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

3. _________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 9 marks) 

Q3. 
Hormones are involved in controlling the menstrual cycle and fertility. 

(a)     (i)      Use the correct answer from the box to complete the sentence. 
  

auxin              follicle stimulating hormone (FSH)              thalidomide 

A hormone produced by the pituitary gland is ____________________ 

(1) 

(ii)     Use the correct answer from the box to complete the sentence. 
  

luteinising hormone (LH)                   oestrogen                   statin 

A hormone produced by the ovaries is ___________________________ 

(1) 

(b)     (i)      Why are fertility drugs given to some women? 

______________________________________________________________ 
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______________________________________________________________ 

(1) 

(ii)      A doctor injects fertility drugs into a woman. After the injection, the hormones 
travel to the woman’s ovaries. 

How do the hormones travel to the ovaries? 

Draw a ring around the correct answer. 
  

through the 
bloodstream 

through the 
neurones 

through the 
skin 

(1) 

(c)     Which two hormones are used in contraceptive pills? 

Tick (✔) two boxes. 

  

FSH 
 

  oestrogen 
 

  

LH 
 

  progesterone 
 

  

(2) 

(Total 6 marks) 

Q4. 
Table 1 shows information about some food components in cow’s milk. 

Table 1 

  

  
Value per 
500 cm3 

Recommended Daily 
Allowance (RDA) for a 

typical adult 

Energy in kJ 1046 8700 

Fat in g 8.4 70.0 

Salt in g 0.5 6.0 

Calcium in mg 605 1000 

Vitamin B-12 in µg 4.5 2.4 

(a)  How much more milk would a typical adult have to drink to get their RDA for calcium 

compared with the amount of milk needed to get their RDA for vitamin B-12? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Volume of milk = ______________________ cm3 

(3) 

(b)  Describe how a student could test cow’s milk to show whether it contains protein 
and different types of carbohydrate. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(6) 

A scientist investigated the effect of bile on the breakdown of fat in a sample of milk. 

The scientist used an indicator that is colourless in solutions with a pH lower than 10, and 
pink in solutions with a pH above 10. 

This is the method used. 

1.   Add 1 drop of bile to a test tube and one drop of water to a second test tube. 
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2.   Add the following to each test tube: 
•   5 cm3 of milk 
•   7 cm3 of sodium carbonate solution (to make the solution above pH 10) 
•   5 drops of the indicator 
•   1 cm3 of lipase. 

3.   Time how long it takes for the indicator in the solutions to become colourless. 

The results are shown in Table 2. 

Table 2 
  

  
Time taken for the indicator to 
become colourless in seconds 

Solution with bile 65 

Solution without bile 143 

(c)  Explain why the indicator in both tubes became colourless. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(d)  Give the reason why the measurement of the time taken for the indicator to become 
colourless might be inaccurate. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(e)  Explain the difference in the results for the two test tubes in Table 2. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 16 marks) 
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Q5. 
Amylase is an enzyme found in the human body. 

Amylase breaks down starch into sugars. 

(a)     Where is amylase produced in the human body? 

Tick one box. 

  

Liver and pancreas 
 

Liver and stomach 
 

Salivary glands and pancreas 
 

Salivary glands and stomach 
 

(1) 

(b)     Enzymes speed up chemical reactions. 

Explain how amylase breaks down starch. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     One sugar in the body is glucose. 

Glucose is used for respiration. 

Give one other use for glucose in the body. 

___________________________________________________________________ 

(1) 

(d)     A student investigated the effect of temperature on the activity of human amylase. 

This is the method used. 

1.   Put 2 cm3 of 1% starch solution into a boiling tube. 

2.   Put 2 cm3 of amylase solution into a second boiling tube. 

3.   Put both boiling tubes into a water bath at 20 °C. 
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4.   After 5 minutes, mix the amylase and the starch together in one boiling tube. 

5.   After 30 seconds, add a drop of the starch and amylase mixture to a drop of 
iodine solution in one well of a spotting tile. 

6.   Repeat step 5 until the iodine solution no longer changes colour. 

7.   Repeat steps 1 – 6 at 40 °C and at 60 °C and at 80 °C 

Why did the student leave the starch and amylase solutions in the water bath for 5 
minutes in step 3? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(e)     The temperature of the human body is 37 °C 

The diagram below shows the results of the investigation at 20 °C and at 80 °C 

Complete the diagram to show the results you would expect at 40 °C and at 60 °C 

You should write a tick or a cross in each well of the spotting tile. 

  

(2) 

(f)      There are different ways to investigate the breakdown of starch by amylase. 

One other method is to measure the concentration of starch present in the solution 
every 30 seconds. 

Why is this method better than the method the student used? 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

A colorimeter can be used to measure the concentration of starch present in the 
solution every 30 seconds. 

A colorimeter measures the amount of light that cannot pass through a solution. 

This is known as absorbance. 

Below shows a graph of absorbance against concentration of starch. 

  

(g)     The absorbance of the solution at 40 °C was 0.56 arbitrary units after 30 seconds. 

What was the concentration of starch in this solution? 

___________________________________________________________________ 
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Concentration of starch = ____________________ % 

(1) 

(h)     The concentration of starch in the solution at 20 °C after 1 minute is different from 
the concentration at 40 °C after 1 minute. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(i)      Predict the absorbance for the solution at 80 °C after 30 seconds. 

Give a reason for your answer. 

Absorbance = ______________________ arbitrary units 

Reason ____________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 16 marks) 

Q6. 
The image below shows part of a root from a cress plant. 

  

(a)     What type of microscope was used to create the image above? 
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___________________________________________________________________ 

(1) 

(b)     The magnification of the cress root in the image above is × 200. 

There are 1000 micrometres (μm) in a millimetre (mm). 

Calculate the real length of the root hair, X. 

Give your answer in micrometres (μm). 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Real length X = ____________________ μm 

(2) 

(c)     Root hair cells take up water from the soil. 

Explain one way in which the root hair cell is adapted to this function. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

The table shows the water uptake by a plant’s roots on two different days. 
  

  Mean water uptake in cm3 per hour 

Cold day 1.8 

Hot day 3.4 

(d)     Explain why the mean rate of water uptake is higher on a hot day than on a cold 
day. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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(e)     The concentration of mineral ions in the soil is lower than in root hair cells. 

Root hair cells take up mineral ions from the soil. 

Root hair cells contain mitochondria. 

Explain why root hair cells contain mitochondria. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 12 marks) 

Q7. 
The diagram in Figure 1 shows a section through the human heart, seen from the front. 

Figure 1 

  

(a)     Draw a ring around the correct answer to complete each sentence. 
  

  (i) The wall of the heart is made mostly of 
epithelial 

glandular 
tissue. 
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muscular 

(1) 

(ii)    The resting heart rate is controlled by the pacemaker. 
  

The pacemaker is located at position 

1. 

6. 

7. 

(1) 

(iii)    If a person’s heart rate is irregular, the person may be fitted with an artificial 
pacemaker. 

  

The artificial pacemaker is 

an electrical device. 

a pump. 

a valve. 

(1) 

(b)     (i)      Write a number, 2, 5, 6 or 7, in each of the three boxes to answer this 

question. 

Which chamber of the heart: 

pumps oxygenated blood to the head and body 
 

receives deoxygenated blood from the head and body 
 

receives oxygenated blood from the lungs? 
 

(3) 

(ii)     Give the number, 3, 4 or 8, of the valve that closes when the blood pressure in 

the aorta is greater than the blood pressure in the left ventricle. 

Write the correct answer in the box.     

(1) 

(c)     The diagram in Figure 2 shows one type of artificial heart valve. The plastic ball is in 

the closed position. 

Figure 2 
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This type of artificial valve could be used to replace a faulty valve in the heart. 

(i)      What is the function of valves in the heart? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     The artificial valve could be used to replace valve 4 shown in Figure 1. 

The artificial valve opens to let blood through when the ball is moved towards 
A. 

Which end of the valve, A or B, should point towards chamber 5? 

Explain your answer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(d)     (i)      The artificial heart valve may cause blood clots to form on its surface. 

Describe what happens during blood clotting. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 
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(ii)     Read the information in the passage. 
  

Replacing a damaged heart valve can dramatically improve the blood circulation 
and the supply of oxygen to the body’s tissues. The operation to replace a heart 
valve is a long one during which the patient’s blood goes through a bypass 
machine. 
Sometimes the artificial valve can fail to work. If the surface of the valve becomes 
rough, small blood clots can form on its surface then break away and be carried 
around the body by the blood. 

Evaluate the advantages and disadvantages of artificial heart valves. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(4) 

(Total 17 marks) 
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Q1. 
This question is about carbon and gases in the air. 

(a)     Carbon atoms have protons, neutrons and electrons. 

Complete the table by writing the relative mass of a neutron and an electron. 
  

Name of particle 
Relative 
mass 

proton 1 

neutron   

electron   

(2) 

(b)     What is the total number of protons and neutrons in an atom called? 
  

Tick ( ) one box. 

The atomic number 

 

The mass number 

 

One mole of the atom 

 

(1) 

(c)     An atom of carbon has six electrons. 

Which structure, A, B or C, represents the electronic structure of the carbon atom? 

  
  

The carbon atom is structure 
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(1) 

(d)     Carbon reacts with oxygen to produce carbon dioxide (CO2). 

(i)      How many different elements are in one molecule of carbon dioxide? 

______________________________________________________________ 

(1) 

(ii)     What is the total number of atoms in one molecule of carbon dioxide? 

______________________________________________________________ 

(1) 

(e)     Sometimes carbon reacts with oxygen to produce carbon monoxide (CO). 

(i)      Calculate the relative formula mass (Mr) of carbon monoxide. 

Relative atomic masses (Ar): C = 12; O = 16 

______________________________________________________________ 

______________________________________________________________ 

Mr of carbon monoxide = _______________ 

(1) 

(ii)     Calculate the percentage by mass of carbon in carbon monoxide. 

______________________________________________________________ 

______________________________________________________________ 

Percentage by mass of carbon in carbon monoxide = _____% 

(1) 

(f)     Carbon dioxide is one of the gases in the air. 

(i)      The graph shows the percentage of argon and the percentage of carbon 
dioxide in the air. 
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What is the percentage of argon in the air? 

Percentage of argon = ____________________ % 

(1) 

(ii)     An instrumental method is used to measure the amount of carbon 
dioxide in the air. 

Give one reason for using an instrumental method. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 10 marks) 

Q2. 
This question is about elements in Group 1. 

A teacher burns sodium in oxygen. 

(a)  Complete the word equation for the reaction. 

sodium + oxygen ⟶ ___________________ 

(1) 

(b)  What is the name of this type of reaction? 

Tick one box. 

  

Decomposition 
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Electrolysis 
 

Oxidation 
 

Precipitation 
 

(1) 

(c)  The teacher dissolves the product of the reaction in water and adds universal 
indicator. 

The universal indicator turns purple. 

What is the pH value of the solution? 

Tick one box. 

  

(1) 

(d)  The solution contains a substance with the formula NaOH 

Give the name of the substance. 

___________________________________________________________________ 

(1) 

(e)  All alkalis contain the same ion. 

What is the formula of this ion? 

Tick one box. 

  

H+ 

 

Na+ 

 

OH− 

 

O2− 

 

(1) 

(f)  A solution of NaOH had a concentration of 40 g/dm3 

What mass of NaOH would there be in 250 cm3 of the solution? 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass = ______________________ g 

(2) 

(g)  The melting points of the elements in Group 1 show a trend. 

The table below shows the atomic numbers and melting points of the Group 1 
elements. 

  

Element 
Atomic 
number 

Melting point in °C 

Lithium 3 181 

Sodium 11 98 

Potassium 19 63 

Rubidium 37 X 

Caesium 55 29 

Plot the data from the table on the graph below. 
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(2) 

(h)  Predict the melting point, X, of rubidium, atomic number 37 

Use the graph above. 

Melting point = ______________________ °C 

(1) 

(Total 10 marks) 

Q3. 
This question is about metal compounds. 
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(a)     Lithium reacts with chlorine to produce lithium chloride. 

When lithium atoms and chlorine atoms react to produce lithium chloride, lithium 
ions and chloride ions are formed. 

The diagram shows the electronic structures of the atoms and ions. 

The symbols o and x are used to represent electrons. 

  

Describe what happens when a lithium atom reacts with a chlorine atom. 

Answer in terms of electrons. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 
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Zinc sulfate can be made by two methods. 

The equations for the two methods are: 

Method 1: ZnO + H2SO4 ⟶ ZnSO4 + H2O 

Method 2: ZnCO3 + H2SO4 ⟶ ZnSO4 + H2O + CO2 

(b)     Calculate the percentage atom economy for making zinc sulfate in Method 1. 

Use the equation: 

percentage atom economy = 

  

Give your answer to 3 significant figures. 

Relative formula masses (Mr):  ZnO = 81  H2SO4 = 98  ZnSO4 = 161 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Percentage atom economy = ____________________ % 

(3) 

(c)     Method 1 gives a higher percentage atom economy for making zinc sulfate than 
Method 2. 

Give a reason why it is important to use a reaction with a high atom economy. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(d)     A student uses 50 cm 3 of a zinc sulfate solution of 80 g/dm 3 

What mass of zinc sulfate is dissolved in 50 cm 3 of this zinc sulfate solution? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass = ____________________ g 

(2) 
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(Total 10 marks) 

Q4. 
A student investigated food dyes using paper chromatography. 

This is the method used. 

1.       Put a spot of food colouring X on the start line. 
2.       Put spots of four separate dyes, A, B, C and D, on the start line. 

3.       Place the bottom of the paper in water and leave it for several minutes. 

Figure 1 shows the apparatus the student used. 

Figure 1 

  

(a)     Write down two mistakes the student made in setting up the experiment and explain 

what problems one of the mistakes would cause. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Another student set up the apparatus correctly. 

Figure 2 shows the student’s results. The result for dye D is not shown. 

Figure 2 



Level 3 BTEC Diploma in Applied Science 

 
Page 47 of 77 

  

Calculate the Rf value of dye A 

Give your answer to two significant figures. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Rf value = ______________________ 

(3) 

(c)     Dye D has an Rf value of 0.80. Calculate the distance that dye D moved on the 

chromatography paper. 

___________________________________________________________________ 

___________________________________________________________________ 

Distance moved by dye D = ______________________ 

(1) 

(d)     Explain how the different dyes in X are separated by paper chromatography. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(e)     Flame emission spectroscopy can be used to analyse metal ions in solution. 

Figure 3 gives the flame emission spectra of five metal ions, and of a mixture of two 
metal ions. 

Figure 3 

  

Use the spectra to identify the two metal ions in the mixture. 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(f)     Explain why a flame test could not be used to identify the two metal ions in the 

mixture. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(g)     Two students tested a green compound X. 
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The students added water to compound X. 
Compound X did not dissolve. 

The students then added a solution of ethanoic acid to compound X. 

A gas was produced which turned limewater milky. 

Student A concluded that compound X was sodium carbonate. 
Student B concluded that compound X was copper chloride. 

Which student, if any, was correct? 

Explain your reasoning. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 18 marks) 

Q5. 
In this question you will be assessed on using good English, organising information clearly 
and using specialist terms where appropriate. 

A student used the equipment shown to do a titration. 
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Describe how the student should use this equipment to find the volume of sodium 
hydroxide solution that reacts with a known volume of acid. 
Include any measurements the student should make. 

Do not describe how to do any calculations. 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 
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(Total 6 marks) 

Q6. 
Vinegar can be added to food. Vinegar is an aqueous solution of ethanoic acid. 

  

Ethanoic acid is a weak acid. 

(a)     Which ion is present in aqueous solutions of all acids? 

___________________________________________________________________ 

(1) 

(b)     What is the difference between the pH of a weak acid compared to the pH of a 

strong acid of the same concentration? 

Give a reason for your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     The diagram shows the apparatus used to find the concentration of ethanoic acid in 
vinegar. 
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(i)      Why should phenolphthalein indicator be used for this titration instead of 
methyl orange? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     25.00 cm3 of vinegar was neutralised by 30.50 cm3 of a solution of sodium 
hydroxide with a concentration of 0.50 moles per cubic decimetre. 

The equation for this reaction is: 
  

CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l) 

Calculate the concentration of ethanoic acid in this vinegar. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Concentration of ethanoic acid in this vinegar = __________ moles per cubic 
decimetre 

(2) 

(d)     The concentration of ethanoic acid in a different bottle of vinegar was 0.80 moles 
per cubic decimetre. 

Calculate the mass in grams of ethanoic acid (CH3COOH) in 250 cm3 of this vinegar. 
The relative formula mass (Mr) of ethanoic acid = 60. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass of ethanoic acid = ___________________ g 

(2) 

(Total 8 marks) 

Q7. 
Toothpastes often contain fluoride ions to help protect teeth from attack by bacteria. 

            

          Some toothpastes contain tin(II) fluoride. 

          This compound has the formula SnF2 . 

(a)     Calculate the relative formula mass (Mr) of SnF2. 

          Relative atomic masses: F = 19; Sn = 119 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Relative formula mass (Mr) = _____________________ 

(2) 

(b)     Calculate the percentage by mass of fluorine in SnF2. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Percentage by mass of fluorine = _____________________ % 

(2) 



Level 3 BTEC Diploma in Applied Science 

 
Page 54 of 77 

(c)     A tube of toothpaste contains 1.2 g of SnF2. 

Calculate the mass of fluorine in this tube of toothpaste. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass of fluorine = _____________________ g 

(1) 

(d)     The diagram represents the electron arrangement of a fluorine atom. 

                      

Explain how a fluorine atom can change into a fluoride ion, F–. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 7 marks) 

Q8. 
Scientists found that a compound contained: 

22.8% sodium; 21.8% boron; and 55.4% oxygen. 

Use the percentages to calculate the empirical formula of the compound. 

Relative atomic masses (A r): B = 11; O = 16; Na = 23 

To gain full marks you must show all your working. 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 
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_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

Empirical formula = ______________________________ 

(Total 5 marks) 
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Q1. 
The diagram below shows a ripple tank that a student used to investigate water waves. 

 

(a)  The student adjusted the speed of the motor so that the bar hit the water more times 
each second. 

What happened to the frequency of the waves produced? 

Tick one box. 
  

Decreased 
 

Did not change 
 

Increased 
 

(1) 

(b)  Describe how the frequency of the water waves in the ripple tank can be measured. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)  The student measured the frequency of the water waves as 5 hertz. 

Calculate the period of the water waves. 

Use the equation: 
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Choose the unit. 
  

metres metres / second seconds 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Period = ____________________ Unit = ____________________ 

(3) 

(Total 6 marks) 

Q2. 
The figure below shows a balloon filled with helium gas. 

  

(a)     Describe the movement of the particles of helium gas inside the balloon. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     What name is given to the total kinetic energy and potential energy of all the 
particles of helium gas in the balloon? 

  

Tick one box.   

External energy 
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Internal energy 
  

Movement energy 
  

(1) 

(c)     Write down the equation which links density, mass and volume. 

___________________________________________________________________ 

(1) 

(d)     The helium in the balloon has a mass of 0.00254 kg. 

The balloon has a volume of 0.0141 m3. 

Calculate the density of helium. Choose the correct unit from the box. 
  

m3 / kg                              kg / m3                              kg m3 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Density = __________________ Unit _________ 

(3) 

(Total 7 marks) 

Q3. 
A student investigated how the pressure of a gas varied with the volume of the gas. 

The mass and temperature of the gas were constant. 

The diagram shows the equipment the student used. 
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(a)     What is the range of the syringe? 

Tick one box. 

  

0 to 1 cm3 

 

0 to 5 cm3 

 

0 to 20 cm3 

 

0 to 25 cm3 

 

(1) 

(b)     What type of variable was the mass of gas? 

Tick one box. 

  

Control 
 

Dependent 
 

Independent 
 

(1) 

The student compressed the gas in the syringe and read the pressure from the pressure 
gauge. 

The graph shows the student's results. 

  

(c)     The student concluded that when the pressure was multiplied by the corresponding 
volume the answer was the same. 
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Use data from the graph to show that the student's conclusion was correct. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)     Complete the sentences. 

Choose the answers from the box. 

Each answer may be used once, more than once or not at all. 
  

decreases increases remains the same 

When the gas is compressed, the volume of gas in the syringe ________________ . 

So the number of collisions each second between the gas particles inside the 

syringe and the inside surface of the syringe ____________________ . 

This means the force exerted on the inside surface of the container 

walls ____________________ . 

(3) 

(Total 7 marks) 

Q4. 
Infrared and microwaves are two types of electromagnetic radiation. 

(a)    State one example of the use of each type of radiation for communication. 

Infrared: ______________________ 

Microwaves: ___________________ 

(2) 

(b)    Some of the properties of infrared and microwaves are the same. 

State two of these properties. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 
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(2) 

(Total 4 marks) 

Q5. 
A student investigated how the pressure exerted by a gas varied with the volume of the 
gas. 

Figure 1 shows the equipment the student used. 

Figure 1 

 

A pump was used to compress the gas in a tube. As the volume of the gas decreases, the 
pressure of the gas increases. 

(a)  The student only recorded one set of results. 

Give two reasons why taking repeat readings could provide more accurate data. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)  Figure 2 shows the position of the student’s eye when taking volume 
measurements. 

Figure 2 
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Explain what type of error would be caused if the student’s eye was not in line with 

the level of the liquid in the tube. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)  If the gas is compressed too quickly the temperature of the gas increases. 

Explain how the temperature increase would affect the pressure exerted by the gas. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)  One of the student’s results is given below. 

pressure = 1.6 × 105 Pa 
volume = 9.0 cm3 

Calculate the volume of the gas when the pressure was 1.8 × 105 Pa. 

The temperature of the gas was constant. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Volume = _____________________ cm3 

(3) 

(e)  Figure 3 shows a person using a bicycle pump to inflate a tyre. 
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Figure 3 

 

The internal energy of the air increases as the tyre is inflated. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 11 marks) 

Q6. 
Infrared and microwaves are two types of electromagnetic radiation. 

The diagram below shows the positions of the two types of radiation within part of the 
electromagnetic spectrum. 

  

(a)     Name one type of electromagnetic radiation which has more energy than infrared. 

___________________________________________________________________ 

(1) 
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(b)     Use the correct answer from the box to complete each sentence. 

Each answer may be used once, more than once or not at all. 
  

greater than less than the same as 

The wavelength of infrared is ____________ the wavelength of microwaves. 

The frequency of microwaves is ____________ the frequency of infrared. 

The speed of microwaves in a vacuum is ____________ the speed of infrared in a 
vacuum. 

(3) 

(Total 4 marks) 

Q7. 
Small water waves are created in a ripple tank by a wooden bar. The wooden bar vibrates 
up and down hitting the surface of the water. 

The figure below shows a cross-section of the ripple tank and water. 

  

(a)     Which letter shows the amplitude of a water wave? 
  

Tick one box.   

J 
  

K 
  

L 
  

(1) 

(b)     The speed of the wooden bar is changed so that the bar hits the water fewer times 
each second. 

What happens to the frequency of the waves produced? 
  

Tick one box.   

Increases 
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Does not change 
  

Decreases 
  

(1) 

(c)     Describe how the wavelength of the water waves in a ripple tank can be measured 
accurately. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)     The speed of a wave is calculated using the following equation. 

wave speed = frequency × wavelength 

The water waves in a ripple tank have a wavelength of 1.2 cm and a frequency of 
18.5 Hz. 

How does the speed of these water waves compare to the typical speed of a person 
walking? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 8 marks) 

Q8. 
Waves may be either longitudinal or transverse. 

(a)     Describe the difference between a longitudinal and a transverse wave. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

(2) 

(b)     Describe one piece of evidence that shows when a sound wave travels through the 
air it is the wave and not the air itself that travels. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(c)     The figure below shows the parts of a moving-coil loudspeaker. 

A coil of wire is positioned in the gap between the north and south poles of the 
cylindrical magnet. 

  

Explain how the loudspeaker converts current in an electrical circuit to a sound 
wave. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(6) 

(Total 9 marks) 

Q9. 
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(a)     Which one of the following is not an electromagnetic wave? 

Tick one box. 

  

Gamma rays 
 

Sound 
 

Ultraviolet 
 

X-rays 
 

(1) 

(b)     What type of electromagnetic wave do our eyes detect? 

___________________________________________________________________ 

(1) 

(c)     What is a practical use for infrared waves? 

Tick one box. 
  

Cooking food 
 

Energy efficient lamps 
 

Medical imaging 
 

Satellite communications 
 

(1) 

Scientists have detected radio waves emitted from a distant galaxy. 

Some of the radio waves from the distant galaxy have a frequency of 1 200 000 000 hertz. 

(d)     Which is the same as 1 200 000 000 hertz? 

Tick one box. 
  

1.2 gigahertz 
 

1.2 kilohertz 
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1.2 megahertz 
 

1.2 millihertz 
 

(1) 

(e)     Radio waves travel through space at 300 000 kilometres per second (km/s). 

How is 300 000 km/s converted to metres per second (m/s)? 

Tick one box. 

  

300 000 ÷ 1000 = 300 m/s 
 

300 000 × 1000 = 300 000 000 m/s 
 

300 000 + 1000 = 301 000 m/s 
 

300 000 – 1000 = 299 000 m/s 
 

(1) 

(f)      Write the equation which links frequency, wavelength and wave speed. 

___________________________________________________________________ 

(1) 

(g)     Calculate the wavelength of the radio waves emitted from the distant galaxy. 

Give your answer in metres. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

wavelength = ____________________ m 

(3) 

(Total 9 marks) 

Q10. 
Figure 1 shows a longitudinal wave being produced in a stretched spring. 

Figure 1 
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(a)     Which of the letters on Figure 1 shows the centre of a rarefaction? 

Tick one box. 

  

J 
 

K 
 

L 
 

M 
 

(1) 

(b)     Which two letters in Figure 1 have a distance of one wavelength between them? 

Tick one box. 

  

J and K 
 

K and L 
 

L and M 
 

J and M 
 

(1) 

(c)     Describe how the end of the stretched spring should be moved in order to produce a 
transverse wave. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

Figure 2 shows how two students used the sound reflected off a building (an echo) to 

measure the speed of sound. 

Figure 2 
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This is the method used. 

1.     Student A hit two cymbals together and student B started a stopwatch. 

2.     When student A heard an echo she hit the cymbals together again. 

3.     Student B stopped the stopwatch after timing 5 echoes. 

The table shows the student's results. 
  

Time for 5 
echoes in 
seconds 

3.1 

2.7 

2.2 

3.2 

(d)     The students decided that the time of 2.2 s was an anomalous result. 

What was the most likely cause for this anomalous result? 

Tick one box. 

  

Not resetting the stopwatch to 
zero. 

 

Starting the stopwatch too 
soon. 

 

Timing less than five echoes. 
 

Timing more than five 
echoes. 

 

(1) 

(e)     Calculate the mean value of the time for 5 echoes. 

Ignore the anomalous result. 

___________________________________________________________________ 

___________________________________________________________________ 

mean time = ____________________ s 

(1) 

(f)      The distance between student A and the building is 75 metres. 

Calculate the distance the sound travels in going from student A to the building and 
back again five times. 
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___________________________________________________________________ 

___________________________________________________________________ 

distance = ____________________ m 

(1) 

(g)     Calculate the speed of sound. 

Use your answers to Questions (e) and (f) and the equation: 

 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

speed of sound = ____________________ m/s 

(2) 

(h)     The value for the speed of sound obtained by the students is not very accurate. 

Suggest two changes to the method used by the students that would improve the 

accuracy. 

1. ________________________________________________________________ 

___________________________________________________________________ 

2. ________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 10 marks) 

Q11. 
The diagram below shows the position of three types of wave in the electromagnetic 
spectrum. 

  

Radio 
waves 

A B C Ultraviolet X-rays D 

(a)  Which position shows where visible light is in the spectrum? 

Tick one box. 

  

A 
 

B 
 

C 
 

D 
 

(1) 
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(b)  Which one of the statements about electromagnetic waves is correct? 

Tick one box. 

  

Radio waves have a higher frequency than X-rays. 
 

Radio waves have a longer wavelength than ultraviolet. 
 

X-rays have a longer wavelength than radio waves. 
 

X-rays travel faster through the air than ultraviolet. 
 

(1) 

(c)  Give one possible danger of exposing your skin to ultraviolet radiation. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(d)  Having an X-ray taken exposes a person to ionising radiation. 

The table below gives the average radiation dose for an X-ray of the chest and an X-
ray of the upper digestive system. 

  

Part of the body Radiation dose in 
millisieverts (mSv) 

Upper digestive system 5.0 

Chest 0.1 

The risk of an X-ray causing cancer is about 1 in 20 000 for each mSv of radiation 
received. 

Compare the risk of developing cancer from having an X-ray of the upper digestive 
system with the risk from having an X-ray of the chest. 

Use the data in the table. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 5 marks) 

Q12. 
The diagram below shows the apparatus a student used to investigate the reflection of 
light by a plane mirror. 
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The student drew four ray diagrams for each angle of incidence. 

The student measured the angle of reflection from each diagram. 

The table below gives the student’s results. 

  
  

  Angle of reflection 

Angle of incidence Test 1 Test 2 Test 3 Test 4 

20° 19° 22° 20° 19° 

30° 31° 28° 32° 30° 

40° 42° 40° 43° 41° 

50° 56° 49° 53° 46° 

(a)  For each angle of incidence, the angle of reflection has a range of values. 

This is caused by an error. 

What type of error will have caused each angle of reflection to have a range of 
values? 

___________________________________________________________________ 

(1) 

(b)  Suggest what the student may have done during the investigation to cause each 
angle of reflection to have a range of values. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 
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(c)  Estimate the uncertainty in the angle of reflection when the angle of incidence is 50°. 

Show how you determine your estimate. 

___________________________________________________________________ 

___________________________________________________________________
___________________________ 

___________________________________________________________________ 

Uncertainty = ± _____________________ ° 

(2) 

(d)  The student concluded that for a plane mirror, the angle of incidence is equal to the 
angle of reflection. 

Explain whether you agree with this conclusion. 

Use examples from the results in the table below in your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(e)  What extra evidence could be collected to support the student’s conclusion? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(f)  State one change the student should make to the apparatus if he wants to use the 
same method to investigate diffuse reflection. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 8 marks) 

Q13. 
P-waves and S-waves are two types of seismic wave caused by earthquakes. 

(a)  Which one of the statements about P-waves and S-waves is correct? 

Tick one box. 

  

P-waves and S-waves are transverse. 
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P-waves and S-waves are longitudinal. 
 

P-waves are transverse and S-waves are longitudinal. 
 

P-waves are longitudinal and S-waves are transverse. 
 

(1) 

Seismometers on the Earth’s surface record the vibrations caused by seismic waves. 

The diagram below shows the vibration recorded by a seismometer for one P-wave. 

  

(b)  Calculate the frequency of the P-wave shown in the diagram above. 

___________________________________________________________________ 

___________________________________________________________________ 

Frequency = _____________________ Hz 

(1) 

(c)  Write down the equation which links frequency, wavelength and wave speed. 

___________________________________________________________________ 

(1) 

(d)  The P-wave shown in the diagram above is travelling at 7200 m/s. 

Calculate the wavelength of the P-wave. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Wavelength = _____________________ m 

(3) 

(e)  Explain why the study of seismic waves provides evidence for the structure of the 
Earth’s core. 

___________________________________________________________________ 

___________________________________________________________________
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___________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 8 marks)



 


