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Introduction
Applied Science is an exciting opportunity for students to study all three sciences through a more vocational approach. Topics covered include applied experimental techniques and science in the modern world, undertaking a scientific investigation and optional units in Biology, Chemistry and Physics. This course is designed for students who enjoy the study of science but struggle to communicate their knowledge and understanding in examinations. Students on this course will study all three specialisms of science (Biology, Chemistry and Physics) in a variety of different contexts whilst also developing their communication of scientific information and their practical skills.
Students on this course are able to progress into careers within the science industry and become Lab Technicians, Radiographers, Nurses and Environmental Scientists. Students also have the option to go on to university to study a science based course.
Entry requirements: 
Grade 5 or above in GCSE Science 

If you have any additional questions, please email Mrs Mandair – d.mandair@georgesalter.com

Course Overview 
The fundamental philosophy of Applied Science is that, in order to understand the nature of science, students must actively experience the science environment. The units that are examined will combine traditional whole class teaching, individual and whole group research activities as well as practical investigations. Units that are assessed by portfolio work will be delivered primarily through developing investigative skills and students are expected to complete a full written investigation of the work carried out. A draft portfolio is marked by the teacher and returned with guidelines on how to improve to achieve a students’ target grade.


Good subject combinations
Applied Science combines well with Health and Social care, Psychology, PE and Food Science & Nutrition


Assessment:

Year 1 Units
· Unit 1: Principles and applications of science
· Unit 2: Practical scientific procedures and techniques

Year 1 Assessment
· Unit 1 is assessed through a 90-minute examination
· Unit 2 is assessed through coursework
· Each Unit is worth 50% of the AS year or 25% of the whole A-level (AS+A2)

Year 2 Units
· Unit 3: Science investigation skills
· One optional unit from a range of different topics across all three sciences

Year 2 Assessment
· Unit 3 is assessed through an external assessment (ISA)
· Optional unit is assessed through coursework
· Unit 3 is worth 66.6% of the A2 year or 33.3% of the whole A-level (AS+A2)
· Optional unit is worth 33.3% of the A2 year or 16.7% of the whole A-level (AS+A2)

Books & videos of interest
Books 
 A short History of Nearly Everything-Bill Bryson 
 On the Origin of Species-Charles Darwin
· The Periodic Table – Primo Levi
· Surely You're Joking Mr Feynman: Adventures of a Curious Character
· Thing Explainer: Complicated Stuff in Simple Words – Randall Munroe

Videos
[image: ]

Textbooks
(Please do not buy any of these. Many pages of these can be read on Google Books for free or within your library).



Summer Activity- Due in your first lesson in September
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Comprehension Applied Science task
Read the information from this article and then prepare written responses in full sentences to the questions on the next page.
Cancer: Out of Control Cells
[image: chromosome]Cells do not live forever, and they will reach a point where they will divide through mitosis, or die through a process called apoptosis. Cancer cells are the exception, these cells do not die and divide uncontrollably as they crowd out healthy, productive cells. Cancer can have many causes, but most are thought to be related to carcinogens in the environment. Carcinogens are chemicals that can damage DNA and interfere with a cell's normal cycle, thus disrupting the cells ability to control when and how often it divides.
While most cells do not live forever, cancer cells do continue to divide as long as they are provided with nutrients. Research has been conducted for many years on an immortal line of cells called HeLa cells, named after Henrietta Lacks, who was a female with cervical cancer. All HeLa cells are derived from the original sample taken from her when she was a patient in 1951; Henrietta Lacks died that same year.
How Cancer Works
Cancerous transformation results from changes of the DNA and the genes that control the cell cycle. Two types of genes normally control the cell cycle: proto-oncogenes, which start cell division and tumour-suppressor genes which turn off cell division. These two genes work together, one turning on cell division when the body needs to repair or replace tissue, and the other turning off cell division when the repairs have been made. If the proto-oncogenes become mutated, they can become oncogenes, genes that lead to uncontrolled cell division. Mutations in the tumour-suppressor genes result in the cell not having the ability to turn off cell division. Oncology is a branch of medicine that deals specifically with cancer.
Cancer Cells
[image: leukemia]When a cell becomes cancerous, it develops traits that normal cells do not have. For instance, a cancer cell can have unusual number of chromosomes due to incomplete mitosis or cytokinesis. Cancer cells may be abnormally shaped or larger than normal cells. Cancer cells also can lose their attachment to nearby tissue and travel to other parts of the body, where they continue dividing and causing problems at other locations. Secondary growths of cancer at a distance from the primary site are referred to as metastasis. Once a cancer has metastasized, aggressive therapies may be needed to treat the disease. Cancer cells take essential nutrients from the blood to grow and divide and crowd out other cells that have important jobs. In the case of leukaemia, white blood cells grow uncontrollably and crowd out the red blood cells, thus reducing an individual's ability to deliver nutrients to the body and affecting the blood's ability to clot and repair wounds.

Questions for Applied Science comprehension task:
1. Compare the role of tumour suppressor genes to proto-oncogenes.
 2. What are HeLa cells and why are they important?
 3. What is the relationship between carcinogens and mutations? How does this in turn affect the development of cancer?
 4. Identify the parts on the picture at the top of the article. [ DNA, Chromosome, Tumour Suppressor, Proto-Oncogene, Cell ]
5. In 1951, cells were taken from Henrietta Lacks and used for many years in research. Henrietta did not give permission for her cells to be used, the law did not require that. These cells have been used in over 60,000 research projects, but Henrietta's family has not received any compensation for contribution to the research. Do you think the law should be changed? Should people be compensated for donating their cells to science?
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“Battling Bad Science” https://www .youtube.com/watchv=haMhbkWizkk

“3D Printing Human Tissues: Where Engineering Meets Biology” https://www.youtube.com/watch?v=nbtzgfhhMhe

“Growing Mini Brains To Discover What Makes Us Human https://wwur.youtube.com/uwatchV=Ej WRINE&IQ

Interesting physics books that make for good background reading hittps://wwuthestudentroom.co.uk/revision/physics/recommended-physics-reading

Lots of interesting videos to watch https://wwuw.ted.com/topics)
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Retrieval questions

You need to be confident about the definitions of terms that describe measurements and results
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Learn the answers to the questions below then cover the answers column with a piece of paper and
write as many answers as you can. Check and repeat.
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Practical science key terms

When is a measurement valid?

‘when it measures what it is supposed to be measuring

When is a result accurate?

Wwhen itis close to the true value

What are precise results?

when repeat measurements are consistent/agree closely with
each other

What is repeatability?

how precise repeated measurements are when they are taken
by the same person, using the same equipment, under the
same conditions

What is reproducibility?

how precise repeated measurements are when they are taken
by different people, using different equipment

What is the uncertainty of a measurement?

the interval within which the true value is expected to lie

Define measurement error

the difference between a measured value and the true value

‘What type of error is caused by results varying
around the true value in an unpredictable way?

random error

What is a systematic error?

a consistent difference between the measured values and true
values

What does zero error mean?

a measuring instrument gives a false reading when the true
value should be zero

‘Which variable is changed or selected by the
investigator?

independent variable
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What is a dependent var}able?

a variable that is measured every time the independent
variable is changed

Define a fair test

a test in which only the independent variable is allowed to
affect the dependent variable

What are control variables?

variables that should be kept constant to avoid them affecting
the dependent variable
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1 Numbers and units

1.1 Units and prefixes

A key criterion for success in biological maths lies in the use of correct units and the
management of numbers. The units scientists use are from the Systéme Internationale — the S|
units. In biology, the most commonly used Sl base units are metre (m), kilogram (kg). second (s),
and mole (mol). Biologists also use S derived units, such as square metre (m2), cubic metre
(m3), degree Celsius (°C), and litre (I).

To accommodate the huge range of dimensions in our measurements they may be further

modified using appropriate prefixes. For example, one thousandth of a second is a
millisecond (ms). Some of these prefixes are illustrated in the table below.
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Multiplication factor Prefix Symbol
100 giga G
10° mega M
108 kilo K
102 centi c
102 mill m
102 micro v
10 nano n

Practice questions

1

A burger contains 4 500 000 J of energy. Wite this in:

akilojoules b megajoules.

HIV is a virus with a diameter of between 9.0x10-¢ m and 1.20x107 m.

Write this range in nanometres.
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1.2 Powers and indices

Ten squared = 10 x 10 = 100 and can be written as 102. This is also called ‘ten to the
power of 2"

Ten cubed is ‘ten to the power of three’ and can be written as 10° = 1000.
The power is also called the index.
Fractions have negative indices:

one tenth = 10 = 1/10 = 0.1
one hundredth = 10-2 = 1/100 = 0.01
Any number to the power of 0 is equal to 1, for example, 29"

Ifthe index s 1, the value is unchanged, for example, 17" = 17.
When multiplying powers of ten, you must add the indices.
50100 x 1000 = 100 000 is the same as 102 x 10 = 102+3 = 105
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When dividing powers of ten, you must subtract the indices.

S0 100/1000 = 1/10 = 107" is the same as 102/10° = 102~2 = 10~

But you can only do this when the numbers with the indices are the same
S0 102 x 2% = 100 x 8 = 800

And you can't do this when adding or subtracting.

102+ 102 = 100 + 1000 = 1100

102 - 10° = 100 - 1000 = 900

Remember: You can only add and subtract the indices when you are multiplying or dividing the
numbers, not adding or subtracting them.

Practice questions

3 Calculate the following values. Give your answers using indices.
2100 10° b 107 x 102x 102
c10%+ 10° d102- 102
4 Calculate the following values. Give your answers with and without using indices.
2105 10¢ b 102+ 10°
€102 =10 d100% = 102
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1.3 Converting units

When doing calculations, it is important to express your answer using sensible numbers. For
example, an answer of 6230 um would have been more meaningful expressed as 6.2 mm.

If you convert between units and round numbers properly, it allows quoted measurements to be
understood within the scale of the observations.

To convert 488 889 m into km:

Akilo is 10 so you need to divide by this number, or move the decimal point three places to the
left.

488889 = 10° = 488.889 km

However, suppose you are converting from mm to km: you need to go from 10° to 102, or move
the decimal point six places to the left

333mm is 0.000 333 km

Alteratively, if you want to convert from 333 mm to nm, you would have to go from 10 to 10,
or move the decimal point six places to the right.

333mm is 333 000 000 nm

Practice questions

5 Calculate the following conversions:
20.004m into mm b130000ms into s
< 31.3mlinto pl d 104 ng into mg

& Give the following values in a different unit so they make more sense to the reader.
Choose the final units yourseff. (Hint: make the final number as close in magnitude to zero as
you can. For example, you would convert 1000 m into 1 km.)
20.000057m b 8600000l ©68000ms d0.009cm
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2 Decimals, standard form, and significant figures

2.1 Decimal numbers

A decimal number has a decimal point. Each figure before the point is a whole number, and the
figures after the point represent fractions.

The number of decimal places is the number of figures after the decimal point. For example, the
number 47.38 has 2 decimal places, and 47.380 is the same number to 3 decimal places.

In science, you must write your answer to a sensible number of decimal places.

Practice questions

1 New antibiotics are being tested. A student calculates the area of clear zones in Petri dishes
in which the antibiotics have been used. List these in order from smallest to largest.
00214cm?  003cm?  00218ecm?  0.034 cm?

2 Astudent measures the heights of a number of different plants. List these in order from
smallest to largest.

22,003 cm 2225cm 12.901 cm 12.03 cm 22cm
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2.2 Standard form

Sometimes biologists need to work with numbers that are very small, such as dimensions of
organelles, or very large, such as populations of bacteria. In such cases, the use of scientific
notation or standard form is very useful, because it allows the numbers to be written easily.

Standard form is expressing numbers in powers of ten, for example, 1.5x107 microorganisms.

Look at this worked example. The number of cells in the human body is approximately
37200 000 000 000. To write this in standard form, follow these steps:

Step 1: Write down the smallest number between 1 and 10 that can be derived from the number
to be converted. In this case it would be 3.72

Step 2: Write the number of times the decimal place will have to shift to expand this to the
original number as powers of ten. On paper this can be done by hopping the decimal
over each number lke this:

63900000000

until the end of the number is reached.

In this example that requires 13 shifts, so the standard form should be written as
372x10%

For very small numbers the same rules apply, except that the decimal point has to hop
backwards. For example, 0.000 000 45 would be written as 4.5x10

Practice questions
3 Change the following values to standard form.

23060kJ b140000kg ©0.00018m  d0.000004m
4 Give the following numbers in standard form.

2100 b 10000 001 d 21000000
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5 Give the following as decimals.
a10° b4.7x10° ©1.2x102 d7.96x10

2.3 Significant figures

When you use a calculator to work out a numerical answer, you know that this often results in a
large number of decimal places and, in most cases, the final few digits are ‘not significant’ It is
important to record your data and your answers to calculations to a reasonable number of
significant figures. Too many and your answer is claiming an accuracy that it does not have, too
few and you are not showing the precision and care required in scientific analysis.

Numbers to 3 significant figures (3 s.£):
788 254 741
Bigger and smaller numbers with 3 significant figures:

0000147 00147 0245 39400 96200 000 (notice that the zeros before the figures
and after the figures are nof significant — they just show you how large the number is by the
position of the decimal point).

Numbers to 3 significant figures where the zeros are significant:

207 4050  1.01 (any zeros between the other significant figures are significant).
Standard form numbers with 3 significant figures:

9.42x10%  1.56x108

Ifthe value you wanted to write to 3.5.f. was 590, then to show the zero was significant you
would have to write:

590 (to 3.5.f) or 5.90 x 102
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Remember: For calculations, use the same number of figures as the data in the question with
the lowest number of significant figures. It is not possible for the answer to be more accurate
than the data in the question.

Practice questions

& Wiite the following numbers to i 2 s.f. and i 3 s.f.
a76d4g
b2754m
©43333g
d5.995x107cm?®
7 The average mass of oxygen produced by an oak tree is 11800 g per year.
Give this mass in standard form and quote your answer to 2 significant figures.
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2 Balancing chemical equations

2.1 Conservation of mass

‘When new substances are made during chemical reactions, atoms are not created or destroyed
— they just become rearranged in new ways. So, there is always the same number of each type
of atom before and after the reaction, and the total mass before the reaction is the same as the
total mass after the reaction. This is known as the conservation of mass.

‘You need to be able to use the principle of conservation of mass to write formulae, and balanced
chemical equations and half equations.

2.2 Balancing an equation
The equation below shows the correct formulae but it is not balanced.
H2+ 02 — H20

While there are two hydrogen atoms on both sides of the equation, there is only one oxygen
atom on the right-hand side of the equation against two oxygen atoms on the left-hand side.
Therefore, a two must be placed before the H20.

H2+ 02 — 2H20
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Now the oxygen atoms are balanced but the hydrogen atoms are no longer balanced. A two
must be placed in front of the Hz

2Hz+02 > 2H20

The number of hydrogen and oxygen atoms s the same on both sides, so the equation is
balanced.

Practice questions

1 Balance the following equations.
aC+0;CO
bN2+Hz > NHs
©CoHs+ 02 > H0 + CO2

2.3 Balancing an equation with fractions

To balance the equation below:

CaHe + 02 » CO2 + H20

+  Place atwo before the COz to balance the carbon atoms.

«  Place athree in front of the H-O to balance the hydrogen atoms.
CaHo+ 0z » 2C02 + 3H0

There are now four oxygen atoms in the carbon dioxide molecules plus three oxygen atoms in
the water molecules, giving a total of seven oxygen atoms on the product side.

+ To balance the equation, place three and a half in front of the O2.
CaHs + 3%02  2C0; + 3H:0

« Finally, multiply the equation by 2 to get whole numbers.
2CzHs + 70z - 4CO2 + 6Hz0
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Practice questions

2 Balance the equations below.
a CaHus + 02 CO2 + H20
b NH2CH:COOH + 02 > GOz + Hz0 + N2

2.4 Balancing an equation with brackets
Ca(OH)z + HCI > CaClz + H20

Here the brackets around the hydroxide (OH") group show that the Ca(OH)z unit contains one
calcium atom, two oxygen atoms, and two hydrogen atoms.

To balance the equation, place a two before the HCI and another before the HzO.
Ca(OH)z + 2HCI > CaClz + 2H:0

Practice questions
3 Balance the equations below.
aMg(OH)z + HNO: > Mg(NOs)z + Hz0
b Fe(NOz)z + NasPOs —» Fea(POs)z + NaNO:
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6 Graphs and tangents

6.1 Deducing reaction rates

To investigate the reaction rate during a reaction, you can measure the volume of the product
formed, such as a gas, or the colour change to work out the concentration of a reactant during
the experiment. By measuring this concentration at repeated intervals, you can plot a
concentration-time graph

[AV/moldm=

2.57{The steeper the gradient the higher is the
rate. By calculating the rate at two different
points, the order can be calculated.

2

The gradient of the tangent
concentration-time gives
the rate.

0.5+ When the gradient is flat
the rate is zero.
[¢]
0 50 100 150

time/s
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Note: When a chemical is listed in square brackets, it just means ‘the concentration of that
chemical. For example, [O2] is just shorthand for the concentration of oxygen molecules.

By measuring the gradient (slope) of the graph, you can calculate the rate of the reaction. In the
graph above, you can see that the gradient changes as the graph is a curve. If you want to know
the rate of reaction when the graph is curved, you need to determine the gradient of the curve.
So, you need to plot a tangent.

The tangent is the straight line that just touches the curve. The gradient of the tangent is the
gradient of the curve at the point where it touches the curve.

Looking at the graph above. When the concentration of A has halved to 1.0 mol dm, the
tangent intercepts the y-axis at 1.75 and the x-axis at 48.

175

The gradient is

-0.0365 (35.£).

So the rate is 0.0365 mol dm= s~

Practice questions

1 Using the graph above, calculate the rate of reaction when the concentration of A halves.
again to 0.5 mol dm-3.

6.2 Deducing the half-

In chemistry, half-ife can also be used to describe the decrease in concentration of a reactant in
a reaction. In other words, the half-ife of a reactant is the time taken for the concentration of the
reactant to fall by half.

of a reactant
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Practice questions

2 The table below shows the change in concentration of bromine during the course of a

reaction.
Time /s [Bra]/ mol dm=

0 00100

60 0.0090

120 0.0066

180 00053

240 0.0044

360 00028

a Plot a concentration-time graph for the data in the table.
b Calculate the rate of decrease of Brz concentration by drawing tangents.
¢ Find the half-ife at two points and deduce the order of the reaction
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1.1 Base and derived Sl units

Units are defined so that, for example, every scientist who measures a mass in kilograms uses
the same size for the kilogram and gets the same value for the mass. Scientific measurement
depends on standard units — most are Systéme International (SI) units. Every measurement must

give the unit to have any meaning. You should know the correct unit for physical quantities.

Base units

Physical quantity Unit Symbol Physical quantity Unit Symbol
length metre m electric current ampere A
mass kilogram kg temperature difference Kelvin K
time second s amount of substance mole mol

Derived units

Example:

speed =

distance travelled
time taken

If a car travels 2 metres in 2 seconds:
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2metres _ m_

speed = SES
2seconds s

This defines the SI unit of speed to be 1 metre per second (mis), or 1 ms™ (™

Practice questions
1 Complete this table by filling in the missing units and symbols.

Physical quantity | Equation used to derive unit Unit s‘('l"'":‘:":’l‘:;‘::)“
frequency period" s Hz, hertz
volume length® -
density mass = volume -
acceleration velocity = time -
force mass  acceleration
work and energy | force x distance
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2.2 Prefixes for large numbers

Prefixes are used with S| units (see Topic 1.1) when the value is very large or very small. They
can be used instead of writing the number in standard form. For example:

«  Ackilowatt (1 kW) is a thousand watts, that is 1000 W or 103 W.

« Amegawatt (1 MW) s a million watts, that is 1000000 W or 10°W.
« Agigawatt (1 GW) s a billion watts, that is 1000 000 000 W or 10°W.

Prefix Symbol Value Prefix Symbol Value
kilo 3 108 giga G 100
mega M 10° tera T 102





image26.png
For example, Gansu Wind Farm in China has an output of 6.8x10°W. This can be written as
6800 MW or 6.8 GW.

Practice questions
1 Give these measurements in standard form:
a1350W b130000Pa  ¢696x10°s  d0.176 x 102Ckg™!
2 The latent heat of vaporisation of water is 2 260 000 J/kg. Write this in:
aJlg b kJikg ©MJkg

2.3 Standard form and prefixes for small numbers

Atthe other end of the scale, the diameter of an atom is about a tenth of a billionth of a metre.

The particles that make up an atomic nucleus are much smaller. These measurements are

represented using negative powers of ten and more prefixes. For example:

« The charge on an electron = 1.6x10-%C.

« The mass of a neutron = 0.016 75 x 102 kg = 1.675x10% kg (the decimal point has moved
2 places to the right).

« There are a billion nanometres in a metre, that is 1000 000000 nm = 1 m.

« There are a million micrometres in a metre, that is 1000 000 ym = 1 m.
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Prefix Symbol Value Prefix Symbol Value
centi c 102 nano n 10
mill m 102 pico p 102
micro n 10 femto f 10-15
Practice questions

3 Give these measurements in standard form:
200025m b160x1077m €0.01x10°J
4 Write the measurements for question 3a, ¢, and d above using suitable prefixes.

d0.005x 10°m

5 Wiite the following measurements using suitable prefixes.
aa microwave wavelength = 0.009 m

b awavelength of infrared
© awavelength of blue light

1105 m
73107 m

©0.00062 x 10°N
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