Science Curriculum Plan Year 12

. Monomers /polymers

. Proteins

. Carbohydrates

. Lipids
Unit 2: Cells
Pupils will understand the
principles and importance of
structure and function in relation
to:

. Cell structure

. Specialised cells

. Stem cells

. Students should be able
to use & interpret the
results of qualitative
tests for reducing
sugars, non-reducing
sugars and starch, lipids,
proteins &
carbohydrates.

Mathematical Skills

. Students will produce a
dilution series of glucose
solution and use
colorimetric techniques
to produce a calibration
curve with which to
identify the
concentration of glucose
in an unknown solution.

. Students will be given
the hydrogen ion
concentration of a
solution in order to
calculate its pH, using
the formula: pH = -log10
H+

. Students will select an
appropriate format for
the graphical
presentation of the

. Understand the role of
ATP in biological
reactions

. Recall the properties of
water

. Learn the biological
importance of inorganic
ions

Unit 2: Cells

. Pupils will learn the
theory of cell membrane
structure, theory &
transport.

. Understand the complex
systems that allow for
Cell recognition and
system immunity.

Mathematical Skills

. Calculation of a mitotic
index

. Students will plot the
data from their
investigations in an
appropriate format.

. Use of the formula:
magnification = size of
image size of real object

. STaR task

. Synoptic assessment

. CPAC assessment (RP 3
& 4)

appreciate the
relationship between
surface area to volume
ratio and metabolic rate.
Learn the adaptations of
gas exchange surfaces,
shown by gas exchange
single-celled organism,
in the tracheal system of
an insect, across the gills
of fish & by the leaves of
dicotyledonous plants.

Unit 4: Genetic information,

Variation and relationships
between organisms

Learn the genetic
organisation in
Eukaryotes &
Prokaryotes.

Recite the multistep
processes involved in
Protein synthesis.

To appreciate the
complex processes in
genetic mutation that
gives rise to altered DNA
sequencing.

. Use agar blocks

containing indicator to
determine the effect of
surface area to volume
ratio and concentration
gradient on the diffusion
of an acid or alkali.
Examine prepared
mounts of gas exchange
surfaces of a mammal,
fish and insect, or
temporary mounts of
gills, examine vertical

. Genetic diversity as the
number of different
alleles of genesin a
population.

. Genetic diversity is a
factor enabling natural
selection to occur.

. The principles of natural
selection in the
evolution of
populations.

. Random mutation can
result in new alleles of a
gene.

. Courtship behaviour as a

necessary precursor to

successful mating.

A phylogenetic

classification system

. Biodiversity can relate to
a range of habitats, from
a small local habitat to
the Earth.

-Organisms exchange
. Digestion in mammals:

carbohydrates by
amylases and
membrane-bound
disaccharidases, lipids by
lipase, including the
action of bile salts,
proteins by
endopeptidases,
exopeptidases and
membrane bound
dipeptidase.

. Mechanisms for the
absorption of the
products of digestion by
cells lining the ileum of
mammals.

. Efficient movement of
substance to and from

the transport of oxygen.

. The gross structure of
the human heart.
Pressure and volume
changes and associated
valve movements during
the cardiac cycle that
maintain a unidirectional
flow of blood.

. The structure of arteries,
arterioles and veins in
relation to their function

. Xylem as the tissue that
transports water in the
stem and leaves of
plants. The cohesion-
tension theory of water
transport in the xylem.
Phloem as the tissue
that transports organic
substances in plants. The
mass flow hypothesis for
the mechanism of
translocation in plants.
The use of tracers and
ringing experiments to
investigate transport in
plants.

Unit 6: Organism respond to change

. The effect of different
concentrations of
indoleacetic acid (IAA)
on cell elongation in the
roots and shoots of
flowering plants as an
explanation of
gravitropism and
phototropism in
flowering plants.

. Taxis & kinesis

3.7 Genetics,populations, evolution

Y12 HT1 Y12 HT2 Y12 HT3 Y12 HT4 Y12 HT5 Y12 HT6
qOrianisms exchanie
Revision programme in preparation
Pupils will understand the key Pupils will: Pupils will: Pupils will: for mock examinations.
principles in terms of biochemical . Learn the structure of Pupils will: Understand the following . The role of haemoglobin
structure and function for: nucleic acids o Students will be able to principles: and red blood cells in _

. Mock examinations &
STaR response task

. CPAC assessment catch
up




results of their
investigation into the
rate of enzyme
controlled reactions.

o Transition assessment
. Synoptic test

sections through a
dicotyledonous leaf.
Mathematical Skills
. Students be given the
dimensions of cells with
different shapes from
which to calculate the
surface area to volume

exchange surfaces is
provided by mass
transport.

. Three-way taps,
manometers and simple

. That population size can
vary as a result of: e the
effect of abiotic factors

. Interactions between
organisms: interspecific
and intraspecific
competition and
predation. T

. STaR task ratios of these cells. respirometers to . The size of a population
. CPAC assessment (RP 1 e  Students will be given measure volumes of air can be estimated using:
&2) values of pulmonary involved in gas exchange quadrats, belt transect,
ventilation rate (PVR) . Dissection: mammalian * Mark-release-
and one other measure, lungs, the gas exchange recapture method for
requiring them to system of a bony fish motile organisms. The
change the subject of . Use an optical assumptions made when
the equation: PVR = microscope using the mark-release-
tidal volume x breathing Mathematical Skills recapture method.
rate . Logarithmic scale when
. Use the expression 2n to dealing with data . Use a potometer to
calculate the possible relating to large investigate the effect of
number of different numbers of bacteria in a a named environmental
combinations of culture. variable on the rate of
chromosomes following e  Calculate an index of transpiration.
meiosis, without diversity and interpret Mathematical Skills
crossing over e derive a the significance of the e  Llogarithmic scale in
formula from this to calculated value of the representing the growth
calculate the possible index. of a population of
number of different e Pulmonary ventilation microorganisms.
combinations of rate (PVR) and one other | Mathematical Skills
chromosomes foIIowing measure, requiring them
random fertilisation of to change the subject of e  Cardiac output (CO) and
two gametes, the equation: PVR = one other measure,
tidal volume x breathing requiring them to change
_ rat the subject of the
. Mock examination equation: CO = stroke
. STaR task _ volume x heart rate
e  CPACassessment (RP 6 _
& RP5) Synoptic assessment
. Synoptic assessment STaR task
. STaR task CPAC assessment (RP10 & RP12)
Chemistry Chemistry Chemistry Chemistry Chemistry Chemistry

Unit 1: Atomic structure
Pupils will:

. determine the number of
fundamental particles in
atoms and ions using mass
number, atomic number
and charge.

. explain the existence of
isotopes.

. describe the principles of
a simple time of flight

Unit 3: Bonding
Pupils will:

. predict the charge on a
simple ion using the
position of the element in
the Periodic Table.

. construct formulas for
ionic compounds.

. relate the melting point
and conductivity of
materials to the type of

Unit 6: Equilibria
Pupils will:

. recall Le Chatelier’s
principle.

° use Le Chatelier’s principle
to predict qualitatively the
effect of changes in
temperature, pressure
and concentration on the
position of equilibrium.

Unit 13: Haloalkanes
Pupils will:

. (Haloalkanes undergo
substitution reactions)
outline the nucleophilic
substitution mechanisms
of these reactions.

. explain why the carbon—
halogen bond enthalpy
influences the rate of
reaction.

Unit 10: Group 7(17), the halogens
Pupils will:

. explain the trend in
electronegativity of the
halogens.

. explain the trend in the
boiling point of these
elements in terms of their
structure and bonding.

. explain the trend in
oxidising ability of the

Unit 16: Organic analysis
Pupils will:

° identify the functional
groups using reactions in
the specification.

. use precise atomic masses
and the precise molecular
mass to determine the
molecular formula of a
compound.




(TOF) mass spectrometer,
limited to ionisation,
acceleration to give all
ions constant kinetic
energy, ion drift, ion
detection, data analysis.

° interpret simple mass
spectra of elements.

. calculate relative atomic
mass from isotopic
abundance, limited to
mononuclear ions.

. define first ionisation
energy.

. write equations for first
and successive ionisation
energies.

. explain how first and
successive ionisation
energies in Period 3 (Na—
Ar) and in Group 2 (Be—
Ba) give evidence for
electron configuration in
sub-shells and in shells.

Procedural Knowledge
Mathematical skills
1.1
° Students report
calculations to an
appropriate number of
significant figures, given
raw data quoted to
varying numbers of
significant figures.
1.2
. Students calculate
weighted means, eg
calculation of an atomic
mass based on supplied
isotopic abundances.
3.1
. Students interpret and
analyse spectra.

Unit 2: Amount of substance

Pupils will:
. define relative atomic
mass (Ar).
. define relative molecular
mass (Mr).

. Carry out calculations
using the Avogadro
constant, mass of
substance, Mr & amount
in moles and

structure and the bonding
present.

. explain the energy
changes associated with
changes of state.

. draw diagrams to
represent the structures
of diamond, graphite, ice,
iodine, magnesium and
sodium chloride involving
specified numbers of
particles.

. explain the shapes of, and
bond angles in, simple
molecules and ions with
up to six electron pairs
(including lone pairs of
electrons) surrounding the
central atom.

. explain the existence of
permanent dipole-dipole
and induced dipole-dipole
(van der Waals) forces, as
well as hydrogen bonding,
between familiar and
unfamiliar molecules.

o explain why some
molecules with polar
bonds do not have a
permanent dipole.

o explain how melting and
boiling points are
influenced by these
intermolecular forces.

Procedural Knowledge

Mathematical skills

0.3and 4.1

. Students could be given

familiar and unfamiliar
examples of species and
asked to deduce the
shape according to
valence shell electron pair
repulsion (VSEPR)
principles.

Practical Skills
1.1
. Students could be asked

to find the type of
structure of unknowns by
experiment (eg to test
solubility, conductivity
and ease of melting).

1.2

. explain why, for a
reversible reaction used in
an industrial process, a
compromise temperature
and pressure may be
used.

. construct an expression
for Kc for a homogeneous
system in equilibrium.

. calculate a value for Kc
from the equilibrium
concentrations for a
homogeneous system at
constant temperature.

. perform calculations
involving Kc.
. predict the qualitative

effects of changes of
temperature on the value
of Kc.

Procedural Knowledge
Mathematical skills
0.3

. Students estimate the
effect of changing.
experimental parameters
on a measurable value, eg
how the value of Kc would
change with temperature,
given different specified
conditions.

1.1

. Students report
calculations to an
appropriate number of
significant figures, given
raw data quoted to
varying numbers of
significant figures.

. Students understand that
calculated results can only
be reported to the limits
of the least accurate
measurement.

2.2and 2.3

. Students calculate the
concentration of a reagent
at equilibrium.

. Students calculate the
value of an equilibrium
constant Kc.

Practical skills
1.1

. explain the role of the
potassium hydroxide
reagent as both a
nucleophile and base.

. outline the mechanisms of
substitution and
elimination reactions
involving potassium
hydroxide.

. use equations, such as the
following, to explain how
chlorine atoms catalyse
decomposition of ozone:

Cle + 03 - ClOe + 02 and ClOe + O3
- 202 +Cle

Procedural Knowledge

Practical skills

4.1

. Students could follow

instructions when carrying
out test-tube hydrolysis of
halogenoalkanes to show
their relative rates of
reaction.

Unit 7: Oxidation, reduction and redox
reactions
Pupils will:

. work out the oxidation
state of an elementin a
compound or ion from the
formula.

. write half-equations
identifying the oxidation
and reduction processes
in redox reactions.

. combine half-equations to
give an overall redox
equation.

Unit 9: Group 2, the alkaline earth
metals
Pupils will:

. for Mg-Ba, explain the
trends in atomic radius
and first ionisation
energy.

. explain the melting point
of these elements in
terms of their structure
and bonding.

. describe the reactions of
the elements Mg—Ba with
water.

halogens down the group,
including displacement
reactions of halide ions in
aqueous solution.

. explain the trend in
reducing ability of the
halide ions, including the
reactions of solid sodium
halides with concentrated
sulfuric acid.

. describe the use of
acidified silver nitrate
solution to identify and
distinguish between
halide ions.

. explain why silver nitrate
solution is used to identify
halide ions, why the silver
nitrate solution is acidified
and ammonia solution
added.

. describe the trend in
solubility of the silver
halides in ammonia.

. explain the use of chlorine
in water treatment.

. write an equation for the
reaction of chlorine with
cold, dilute, aqueous
NaOH and state uses of
the solution formed.

Procedural Knowledge
Practical skills
2.2

. Students could carry out
test-tube reactions of
solutions of the halogens
(CI2, Br2, 12) with
solutions containing their
halide ions (eg KCI, KBr,
KI).

. Students could record
observations from
reactions of NaCl, NaBr
and Nal with concentrated
sulfuric acid.

. Students could carry out
tests for halide ions using
acidified silver nitrate,
including the use of
ammonia to distinguish
the silver halides formed.

Unit 14: Alkenes
Pupils will:

. describe infrared
spectroscopy and use
infrared spectra and the
Chemistry Data Sheet or
Booklet to identify
particular bonds, and
therefore functional
groups, and also to
identify structures and
impurities.

Procedural Knowledge

Practical skills

2.2,23and 4.1

. Students could carry out

test-tube reactions in the
specification to distinguish
alcohols, aldehydes,
alkenes and carboxylic
acids.

Further A2 level content:

Unit 19: Equilibrium constant Kp for
homogeneous systems
Pupils will:

. calculate Kp from partial
pressures for a system at
constant temperature.

. derive partial pressure
from mole fraction and
total pressure.

. construct an expression
for Kp for a homogeneous
system in equilibrium.

° perform calculations
involving Kp.

. predict the qualitative
effects of changes in
temperature and pressure
on the position of
equilibrium.

. predict the qualitative
effects of changes in
temperature on the value
of Kp.

° understand that, whilst a
catalyst can affect the rate
of attainment of an
equilibrium, it does not
affect the value of the
equilibrium constant.

Procedural Knowledge




- masses

concentration, volume
and amount of substance
in a solution.

use the ideal gas equation
in calculations.

calculate empirical and
molecular formula from
data giving composition
by mass or percentage by
mass.

write balanced equations
for reactions studied.

use balanced equations to
calculate:

- volumes of gases
- percentage yields
- percentage atom economies

Procedural Knowledge
Mathematical skills

0.0

0.1

0.2

0.4

11

Students understand that
the correct units need to
be in pV = nRT.

Students carry out
calculations using
numbers in standard and
ordinary form, eg using
the Avogadro constant.

Students construct and/or
balance equations using
ratios.

Students calculate
percentage yields and
atom economies of
reactions.

Students carry out
calculations using the
Avogadro constant.

Students report
calculations to an
appropriate number of
significant figures, given
raw data quoted to
varying numbers of
significant figures.
Students understand that
calculated results can only
be reported to the limits
of the least accurate
measurement.

Students could try to
deflect jets of various
liquids from burettes to
investigate the presence
of different types and
relative size of
intermolecular forces.

Unit 4: Energetics

Pupils will:

define standard enthalpy
of combustion (AcH®).
define standard enthalpy
of formation (AfH®).

use the heat change in a
reaction equation
(g=mcDT) to calculate the
molar enthalpy change for
a reaction.

use Hess’s law to perform
calculations, including
calculation of enthalpy
changes for reactions
from enthalpies of
combustion or from
enthalpies of formation.
use mean bond enthalpies
to calculate an
approximate value of AH
for reactions in the
gaseous phase.

explain why values from
mean bond enthalpy
calculations differ from
those determined using
Hess’s law.

Procedural Knowledge
Mathematical skills

0.0and 1.1

Students understand that
the correct units need to
be used in g = mcAT.
Students report
calculations to an
appropriate number of
significant figures, given
raw data quoted to
varying numbers of
significant figures.
Students understand that
calculated results can only
be reported to the limits
of the least accurate
measurement.

2.3

Students could carry out
test-tube equilibrium
shifts to show the effect
of concentration and
temperature (eg
Cu(H20)62+ with
concentrated HCI).

Students could determine
the equilibrium constant,
Kc, for the reaction of
ethanol with ethanoic acid
in the presence of a strong
acid catalyst to ethyl
ethanoate.

Unit 11: Introduction to organic

chemistry
Pupils will:

recall the difference
between empirical,
molecular, general,
structural, displayed and
skeletal formulae.

draw structural, displayed
and skeletal formulas for
given organic compounds.
apply IUPAC rules for
nomenclature to name
organic compounds.
apply IUPAC rules for
nomenclature to draw the
structure of an organic
compound from the
IUPAC name.

write balanced equations
for the steps in a free-
radical mechanism.
outline mechanisms by
drawing the structures of
the species involved and
curly arrows to represent
the movement of electron
pairs.

define the term structural
isomer.

draw the structures of
chain, position and
functional group isomers.
define the term
stereoisomer.

draw the structural
formulas of Eand Z
isomers

describe the relative
solubilities of the
hydroxides and sulfates of
the elements Mg—Ba in
water.

describe some uses of
group 2 metals.

explain why BaCl2
solution is used to test for
sulfate ions and why it is
acidified.

Procedural Knowledge
Practical skills

2.2

Students could test the
reactions of Mg—Ba with
water and Mg with steam
and record their results.
Students could test the
solubility of Group 2
hydroxides by mixing
solutions of soluble Group
2 salts with sodium
hydroxide and record
their results.

Students could test the
solubility of Group 2
sulfates by mixing
solutions of soluble Group
2 salts with sulfuric acid
and record their results.
Students could test for
sulfate ions using acidified
barium chloride and
record their results.

Assessment

STaR Task
Mock examination

describe the stricture of
alkenes.

outline the mechanisms
for the electrophilic
addition reactions of
alkenes with HBr, H2S04
and Br2.

Describe the use of
bromine to test for
unsaturation.

explain the formation of
major and minor products
in addition reactions of
unsymmetrical alkenes by
reference to the relative
stabilities of primary,
secondary and tertiary
carbocation
intermediates.

state the difference
between a monomer and
polymer

draw the repeating unit
from a monomer
structure.

draw the repeating unit
from a section of the
polymer chain.

draw the structure of the
monomer from a section
of the polymer.

explain why addition
polymers are unreactive.

Procedural Knowledge
Practical skills

1.2

4.1

Making
poly(phenylethene) from
phenylethene.

Students could test
organic compounds for
unsaturation using
bromine water and record
their observations.

Unit 15: Alcohols

Pupils will:

explain the meaning of
the term biofuel.

justify the conditions used
in the production of
ethanol by fermentation
of glucose.

Mathematical skills
1.1

. Students report
calculations to an
appropriate number of
significant figures, given
raw data quoted to
varying numbers of
significant figures.

. Students understand that
calculated results can only
be reported to the limits
of the least accurate
measurement.

2.2and 2.3

. Students calculate the
partial pressures of
reactants and products at
equilibrium.

. Students calculate the
value of an equilibrium
constant Kp.

Revision programme in
preparation for mock examination

Assessment
. Mock examination
. STaR Task

. RP 6 — CPAC Assessment
. CPAC Assessments
catchup




1.2and 1.3

. Students select
appropriate titration data
(ie identify outliers) in
order to calculate mean
titres.

. Students determine
uncertainty when two
burette readings are used
to calculate a titre value.

2.2,2.3and 2.4
. Students carry out
calculations with the ideal
gas equation, including
rearranging the ideal gas
equation to find unknown
quantities.

Practical Skills
2.3and3.3
. Students could be asked
to find the empirical
formula of a metal oxide.

3.2
. Students could be asked
to find the M of a volatile
liquid.
4.1
. Students could be asked
to find:
- the concentration of ethanoic acid in
vinegar

- the mass of calcium carbonate in an
indigestion tablet

- the M of MHCO3

- the M of succinic acid

- the mass of aspirin in an aspirin
tablet

- the yield for the conversion of
magnesium to magnesium oxide
- the M of a hydrated salt (eg
magnesium sulfate) by heating to
constant mass

Assessment
. Transition test
. STaR Task

. RP 1 — CPAC Assessment
. Synoptic test

1.2
. Students understand that
bond enthalpies are mean
values across a range of
compounds containing
that bond.
24
. Students carry out Hess's
law calculations.
3.1
. Translate information
between graphical,
numerical and algebraic
forms.

Practical Skills
2.4,3.1,3.2,3.3and 4.1

° Students could be asked
to find AH for a reaction
by calorimetry. Examples
of reactions could include:

- dissolution of potassium chloride
- dissolution of sodium carbonate
- neutralising NaOH with HCI

- displacement reaction between
CuSO4 +Zn

- combustion of alcohols.

. Students could be asked
to find AH for a reaction
using Hess’s law and
calorimetry, then present
data in appropriate ways.
Examples of reactions
could include:

- thermal decomposition of NaHCO3
- hydration of MgS04
- hydration of CuSO4

Unit 5: Kinetics (half — remaining parts
covered in HT3)
Pupils will:

. define the term activation
energy.

° draw and interpret
Maxwell- Boltzmann
distribution curves for
different temperatures.

. use the Maxwell-
Boltzmann distribution to
explain why a small
temperature increase can
lead to a large increase in
rate.

° explain how a change in
concentration or a change

. apply the CIP priority rules
to E and Zisomers.

Procedural Knowledge
Mathematical skills
4.1,4.2and 4.3
. Students understand the
origin of E=Z isomerism.
. Students draw different
forms of isomers.

Unit 12: Alkanes
Pupils will:

. describe structure of
alkanes.

. describe the process of
fractional distillation of
crude oil and explain its
purpose.

. explain the economic
reasons for cracking
alkanes.

o explain why sulfur dioxide
can be removed from flue
gases using calcium oxide
or calcium carbonate.

. explain the reaction
between chlorine and
methane as a free-radical
substitution mechanism
involving initiation,
propagation and
termination steps.

Procedural Knowledge
Practical skills
1.2
. Fractional distillation of a
crude oil substitute.

Unit 13: Haloalkanes (start very briefly
—see for half term 4)

Assessment
. STaR Task
. Synoptic test

. write equations to
support the statement
that ethanol produced by
fermentation is a carbon
neutral fuel and give
reasons why this
statement is not valid.

. outline the mechanism for
the formation of an
alcohol by the reaction of
an alkene with steam
(hydration) in the
presence of an acid
catalyst.

. discuss the environmental
(including ethical) issues
linked to decision making
about biofuel use.

° write equations for the
oxidation reactions of
primary and secondary
alcohols.

. explain how the method
used to oxidise a primary
alcohol determines
whether an aldehyde or
carboxylic acid is
obtained.

. use chemical tests to
distinguish between
aldehydes and ketones
including Fehling’s
solution and Tollens’
reagent.

. outline the mechanism for
the elimination of water
from alcohols.

Procedural Knowledge
Practical skills

1.2
. Students could produce
ethanol by fermentation,
followed by purification
by fractional distillation.
4.1

. Students could carry out
the preparation of
cyclohexene from
cyclohexanol, including
purification using a
separating funnel and by
distillation.

A2 level content started:




in pressure influences the
rate of a reaction.

. use a Maxwell-Boltzmann
distribution to help
explain how a catalyst
increases the rate of a
reaction involving a gas.

Procedural Knowledge

Practical skills

2.4and 3.1

. Students could investigate

the effect of temperature
on the rate of reaction of
sodium thiosulfate and
hydrochloric acid by an
initial rate method.

Assessment
. STaR Task
. Synoptic test
. RP’s 2 & 3 - CPAC
Assessment

Unit 22: Periodicity (properties of
period 3 elements and their oxides)
Pupils will:

. Explain the trends in the
reactions of the elements
Na-S with oxygen.

. explain the trend in the
melting point of the
oxides of the elements
Na=S in terms of their
structure and bonding.

. explain the trends in the
reactions of the oxides
with water in terms of the
type of bonding present in
each oxide.

. write equations for the
reactions that occur
between the oxides of the
elements Na—S and given
acids and bases.

Procedural Knowledge
Practical skills

2.2
. Students could carry out
reactions of elements with
oxygen and test the pH of
the resulting oxides.
Assessment
. STaR Task
. RP’s 4 & 5—-CPAC
Assessment

. Synoptic test

St i

Use of Sl and their prefixes
Limitation of physical
measurements

Estimation of physical quanitites
Fundamental (base) units. Use of
mass, length, time, amount of
substance, temperature, electric
current and their associated SI
units. Sl units derived.
Knowledge and use of the SI
prefixes, values and standard
form. The fundamental unit of
light intensity, the candela, is
excluded. Students are not
expected to recall definitions of
the fundamental quantities.

o

. The photoelectric effect

Threshold frequency; photon
explanation of threshold
frequency. Work function B,
stopping potential. Photoelectric
equation: h f =2+ Ek (max Ek
(max is the maximum kinetic
energy of the photoelectrons.

. Collisions of electrons with

atoms

lonisation and excitation;
understanding of ionisation and
excitation in the fluorescent tube

. Energy levels and photon

emission

St i

o Scalars and vectors

Nature of scalars and vectors.
Examples should include:
velocity/speed, mass, force/weight,
acceleration,
displacement/distance. Addition of
vectors by calculation or scale
drawing.

Moments

Moment of a force about a point.
Moment defined as force x
perpendicular distance from the
point to the line of action of the
force. Couple as a pair of equal and
opposite coplanar forces.

St i

o Interference

Path difference. Coherence.
Interference and diffraction using a
laser as a source of monochromatic
light. Young'’s double-slit
experiment: the use of two
coherent sources or the use of a
single source with double slits to
produce an interference pattern
Diffraction

Appearance of the diffraction
pattern from a single slit using
monochromatic and white light.
Qualitative treatment of the
variation of the width of the central
diffraction maximum with

St

o Newton’s laws of motion
Independent effect of motion in
horizontal and vertical directions of
a uniform gravitational field.
Problems will be solvable using the
equations of uniform acceleration.
Qualitative treatment of friction.
Distinctions between static and
dynamic friction will not be tested.
Qualitative treatment of lift and
drag forces. Terminal speed.
Knowledge that air resistance
increases with speed. Qualitative
understanding of the effect of air
resistance on the trajectory of a
projectile and on the factors that

Sttt i

o Bulk properties of solids
Density, @ = m V Hooke's law, elastic
limit, F = kAL, k as stiffness and
spring constant. Tensile strain and
tensile stress. Elastic strain energy,
breaking stress. energy stored = 1
2FAL = area under force-extension
graph Description of plastic
behaviour, fracture and brittle
behaviour linked to force—extension
graphs

o The Young modulus
Young modulus = tensile stress
tensile strain = FLA A L Use of
stress—strain graphs to find the




Dimensional analysis is not
required. Students should be
able to use the prefixes: T, G, M,
k, c, m, u, n, p, f, Students should
be able to convert between
different units of the same
quantity, eg J and eV, J and kW h.
Particles

Constituents of the atom
Simple model of the atom,
including the proton, neutron
and electron. Charge and mass of
the proton, neutron and electron
in Sl units and relative units.
Specific charge of the proton and
the electron, and of nuclei and
ions. Proton number Z, nucleon
number A, nuclide notation.
Stable and unstable nuclei

The strong nuclear force; its role
in keeping the nucleus stable;
short-range attraction up to
approximately 3 fm, very-short
range repulsion closer than
approximately 0.5 fm.

Particles, antiparticles and
photons

For every type of particle, there
is a corresponding antiparticle.
Particle interactions

Four fundamental interactions:
gravity, electromagnetic, weak
nuclear, strong nuclear. (The
strong nuclear force may be
referred to as the strong
interaction.) The concept of
exchange particles to explain
forces between elementary
particles

Classification of particles
Hadrons are subject to the
strong interaction. The two
classes of hadrons: e baryons
(proton, neutron) and
antibaryons (antiproton and
antineutron) ¢ mesons (pion,
kaon). Baryon number as a
quantum number.

Quarks and antiquarks
Properties of quarks and
antiquarks: charge, baryon
number and strangeness.
Combinations of quarks and
antiquarks required for baryons
(proton and neutron only),
antibaryons (antiproton and

Line spectra (eg of atomic
hydrogen) as evidence for
transitions between discrete
energy levels in atoms. h f=E1 -
E

Wave-particle duality

Students should know that
electron diffraction suggests that
particles possess wave properties
and the photoelectric effect
suggests that electromagnetic
waves have a particulate nature.
Details of particular methods of
particle diffraction are not
expected. de Broglie wavelength
=h mv where mv is the
momentum.

Potential divider

The potential divider used to
supply constant or variable
potential difference from a
power supply

Electromotive force and internal
resistance

Terminal pd; emf Students will
be expected to understand and
perform calculations for circuits
in which the internal resistance
of the supply is not negligible.

o Motion along a straight line
Displacement, speed, velocity,
acceleration.v=AsAta=AvAt
Calculations may include average
and instantaneous speeds and
velocities. Representation by
graphical methods of uniform and
nonuniform acceleration.
Significance of areas of velocity—
time and acceleration—time graphs
and gradients of displacement-time
and velocity—time graphs for
uniform and non-uniform
acceleration eg graphs for motion
of bouncing ball.

Progressive waves

Oscillation of the particles of the
medium; amplitude, frequency,
wavelength, speed, phase, phase
difference

Longitudinal and transverse waves
Nature of longitudinal and
transverse waves. Examples to
include: sound, electromagnetic
waves, and waves on a string

o Principle of superposition of waves
and formation of stationary waves
The formation of stationary waves by
two waves of the same frequency
travelling in opposite directions. A
graphical explanation of formation of
stationary waves will be expected

wavelength and slit width. The
graph of intensity against angular
separation is not required. Plane
transmission diffraction grating at
normal incidence.

Refraction at a plane surface
Refractive index of a substance, n =
c ¢s Students should recall that the
refractive index of air is
approximately 1. Snell’s law of
refraction for a boundary nlsin @1 =
n2sin @12 Total internal reflection sin
Flc=n2n

Projectile motion

Displacement, speed, velocity,
acceleration.v=AsAta=AvAt
Calculations may include average
and instantaneous speeds and
velocities. Representation by
graphical methods of uniform and
non uniform acceleration.
Significance of areas of velocity—
time and acceleration—time graphs
and gradients of displacement-time
and velocity—time graphs for
uniform and non-uniform
acceleration eg graphs for motion
of bouncing ball

affect the maximum speed of a
vehicle.

e Momentum
momentum = mass x velocity
Conservation of linear momentum.
Principle applied quantitatively to
problems in one dimension. Force
as the rate of change of momentum,
F=Amv A tImpulse = change in
momentum FAt = A mv, where Fis
constant

Work, energy and power

Energy transferred, W = Fscos [ rate
of doing work = rate of energy
transfer, P =AW At=Fv
Quantitative questions may be set
on variable forces. Significance of
the area under a force—
displacement graph.

e Conservation of energy

Principle of conservation of energy.
AEp = mgAh and Ek =1 2mv 2
Quantitative and qualitative
application of energy conservation to
examples involving gravitational
potential energy, kinetic energy, and
work done against resistive forces

Young modulus. (One simple
method of measurement is
required.)




antineutron only) and mesons
(pion and kaon only).
Application of conservation laws
Change of quark character in -
and in B+ decay

Basics of electricity

Electric current as the rate of
flow of charge; potential
difference as work done per unit
charge.1=AQAt,V=WQ
Resistance definedasR=V |
Current-voltage characteristics
For an ohmic conductor,
semiconductor diode, and
filament lamp. Ohm’s law as a
special case where | « V under
constant physical conditions
Resistivity

Resistivity, B = RA L Description
of the qualitative effect of
temperature on the resistance of
metal conductors and
thermistors. Only negative
temperature coefficient (ntc)
thermistors will be considered

Circuits

Resistors: in series, RT = R1 + R2
+R3+...inparallel, 1RT=1R1+
1R2+1R3+...Energy and
power equations: E=IVt; P=1IV =
I12R=V2




