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№ Unit 
 

Lesson topic 
Learning objectives and Mission 

First Term 
1 11.1А Physical 

quantities and 

measurement 

• Quantities, Units, Order of Magnitude, Estimations. 

Нomogeneity of physical equations. 

Measurement, SigFig, Precision, Accuracy, Errors. 
Uncertainty. 

 

Scalars and Vectors.  
 
Compulsory laboratory work n.1: 
• Composition of forces, guided at an angle 
 
Compulsory laboratory work n.2: 
• Determination of relative accuracy at measuring of 
physical quantities 
Experimental  relationships  
• Expressing numbers 
 
 
 
 
Particle kinematics. 
Equation of motion. 
Kinematics and practice questions for revision. 
 
Kinematics and practice questions for revision. 
 
Practice questions, past papers  
 
 

11.1.1.1 - use the following prefixes (multiple and fractional) and 

their symbols for both base and derived units:  pico (p), nano (n), 

micro (μ), milli (m), centi (c), deci (d), kilo (k), mega (M), giga (G) 

and tera (T); 

11.1.1.2 - add and subtract parallel and non-parallel vectors; 

11.1.1.3 - use SI base units to check the homogeneity of physical 

equations; 

11.1.1.4 - represent a vector as two perpendicular components 

(vector projections); 

11.1.1.5 - analyse relationships in the forms of y=axn and y=aekx; 

11.1.1.6 - analyse logarithmic relationships; 

11.1.2.1 - show an understanding of the distinction between 

systematic errors (including zero errors) and random errors; 

11.1.2.2 - show an understanding of the distinction between 

precision and accuracy; 

11.1.2.3 - calculate uncertainties (including graphically); 

11.1.2.4 - comment on trends in results (consistency, forecasts, 

methods for improvement); 

11.1.2.5 - derive a relationship between two variables or recognise 

a constant; 

11.1.2.6 - be able to identify the number of significant figures and 

number of digits after a point; 

11.2.1.1 - know definitions and formulae of the following 

kinematic values: coordinates, distance, displacement, velocity and 

acceleration in linear motion; 

11.2.1.2 - Use the equation of motion   involving distance, velocity, 

acceleration and time in calculations and interpreting distance-time 

relationship in linear motion; 

11.2.1.3 - plot and interpret distance-time, velocity-time and 
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Summative assessment for unit 1А 

acceleration-time graphs calculating the area under  the velocity-

time graph to find the distance travelled, with the motion being 

performed at:  

- a constant velocity; 

- a constant acceleration; 

11.2.1.4 - describe, from a kinematics point of view, the motion and 

of an object in a gravitational field: vertical motion and motion at 

an angle to the horizontal; 

11.2.1.5 - Use the formula  to calculate a normal acceleration in 

curvilinear motion; 

11.2.1.6 - Be able to express an angle of rotation through radian 

using the following mathematical expression  

2 Unit 1B: 
Kinematics (of 
Fluids) 

 

Elements of hydrostatics. 

Hydrostatics Equation. Pascal’s Law. Communicating 

vessels. 

Communicating vessels 

Archimedes’ Principle 
Hydrodynamics & Eq Continuity. 
Bernoulli’s equations 
Torricelli’s equation 

 

 

 

 

 

 

 

 

11.2.1.7 - explain the occurrence of hydrostatic pressure and use the 

equation р = ρgh; 

11.2.1.8 - compare the effects of applying an external force to a 

compressible fluid and an incompressible fluid; 

11.2.1.9 - apply Archimedes’ principle to solve problems; 

11.2.1.10 - describe Pascal’s law and apply it to connecting vessels 

and hydraulic presses; 

11.2.1.11 - know the conditions of an incompressible fluid: 

V1=V2=const, l1S1=l2S2 (V=lS), where V is volume, I is length and 

S is cross-sectional area; 

11.2.1.12 - compare laminar and turbulent flow; 

11.2.1.13 - describe an ideal liquid, know the conditions for its 

steady flow; 

11.2.1.14 - know conditions of steady flow: V1/t=V2/t, l1S1/t=l2S2/t; 

11.2.1.15 - describe an ideal liquid; 

11.2.1.16 - use the equation of continuity to solve problems S1v1= 

S2v2, or v2/v1 = S1/ S2, where v is velocity of flow; 

11.2.1.17 - know the relationship between velocity and pressure of 

liquid; 
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Summative assessment for unit 1B 

 

11.2.1.18 - apply Bernoulli’s equations to solve problems; 

11.2.1.19 - apply Torricelli’s equation to solve problems; 

Internal summative assessment 

 Term 2 

1 11.2А 

Dynamics  
• Deformation of solids 

 

• Research and presentation 

 

Experimental classwork: 

• Build a graph force-elongation from experimental 

results 

• Hooke’s Law 

 

Experiment on Hooke s law 

• Stress, strain and the Young Modulus 

 

• Problem solving 

 

Compulsory laboratory work n.6: 

• Determination of Young modulus 

• Practice questions, past papers 

• Gravitational fields 

Problem solving on gravitational fields and work done to 
get out of gravitational fields 

• Gravitational fields 

 

• Kepler’s Laws 

11.2.2.1 - understand that deformation is caused by a force and that the 

deformation can be tensile or compressive; 

11.2.2.2 - describe the dependency graph between the behaviour of 

springs and applied load using such concepts as: elastic limit, tensile 

strength, fluidity and Hooke’s law; 

11.2.2.3 - calculate stress, strain and the Young modulus; 

11.2.2.4 - describe an experiment to determine the Young modulus 

of a metal in the form of a wire; 

11.2.2.5 - distinguish between the elastic and plastic deformation of 

a material; 

11.2.2.6 - define potential at a point as the work done in bringing 

unit mass from infinity to the point; 

11.2.2.7 - be able to apply the law of universal gravitation 

2

21

r

mm
GF = ; 

11.2.2.8 - solve problems using the equation ϕ=-GM/r for the 

potential in the field of a point mass; 

11.2.2.9 - recognise the analogy between certain qualitative and 

quantitative aspects of gravitational field and electric field; 

11.2.2.10 - use knowledge about motion of satellites and 

spacecrafts to explain phenomenon, regularities and relations in 

unfamiliar situations; 

11.2.2.11 - be able to derive the formula to calculate a radius of 

circular orbits, first and second cosmic velocity based on Newton’s 

law of gravitation and Newton’s second law 
R

M
G=1  and 
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• Orbital motion 

Problem solving on Kepler’s Laws and Orbital motion and 
vectors 

• Space travel 

• Research and presentation 
Summative Assessment for unit 2A 

Laboratory work №6: 

• Determination of Young modulus 

R

M
G22 = ; 

11.2.2.12 - describe the motion of a spacecraft; 

11.2.2.13 - show an understanding of geostationary orbits and their 

application; 

2 11.2В 

Laws of 

conservation  

• Force and linear momentum 

 

• Conservation of linear momentum 

 

• Elastic and inelastic interactions 

 

Total energy conservation 

Еxperiment on total conservation  of energy  

 

 

Summative assessment for unit 2B 

11.2.3.1 - recall from previous grades the definition of linear 

momentum as the product of mass and velocity; 

11.2.3.2 - recall from previous grades the definition of resultant 

force as rate of change of linear momentum; 

11.2.3.3 - recall from previous grades the statement of the principle 

of conservation of momentum; 

11.2.3.4 - recall and be able to use ideas to apply the principle of 

conservation of momentum to solve simple problems including 

elastic and inelastic interactions between two bodies in one 

dimension (knowledge of the concept of coefficient of restitution is 

not required); 

Internal summative assessment 

Term 3 
1 11.3А 

Oscillations and 

waves  

 

Investigating and describing oscillatory motion 

 

Compulsory laboratory work number 7:  

Investigation of mathematical pendulum oscillations 

 

Compulsory laboratory work number 8: 

Investigation of spring pendulum oscillations 

 

11.2.4.1 - describe simple examples of free oscillations; 

11.2.4.2 - investigate the motion of an oscillator using experimental 

and graphical methods; 

11.2.4.3 - understand and use the following physical quantities: 

amplitude, period, frequency, angular frequency and phase 

difference and express the period in terms of both frequency and 

angular frequency; 

11.2.4.4 - recognise and use the equations x=xmaxsinωt and a=-ω2x; 

apply the equations x=xmaxsinωt; v=vmaxcosωt 
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Simple harmonic motion 

 

Forced oscillations and resonance 

 

Compulsory laboratory work number 9: 

Investigation of damped oscillations 

 

 

 

  

 

 

Summative assessment for unit 3A 

11.2.4.5 - explain the physical meaning of the equation a=-ω2x; 

11.2.4.6 - describe energy conversion during oscillations; 

 11.2.4.7 - describe the changes in displacement, velocity and 

acceleration during simple harmonic motion with graphical 

illustrations; 

11.2.4.8 - recall types of pendulums and describe the forms of their 

oscillations; 

11.2.4.9 - describe graphically how the amplitude of a forced 

oscillation changes with frequency near to the natural frequency of 

the system, and understand qualitatively the factors that determine 

the frequency response and sharpness of the resonance; 

11.2.4.10 - describe energy conversion during oscillations; 

11.2.4.11 - show an understanding that there are some 

circumstances in which resonance is useful and other circumstances 

in which resonance should be avoided;  

2 11.3В 

Molecular 

physics 

Surface tension; Determination of water surface tension 

coefficient 

Saturated and unsaturated substances. Introduction to 

Fundamentals of Gas laws 

 

Fundamentals of Gas laws continued.  

 

Mean-Square-Velocity. 

Ideal gas laws, Kinetic model and molecules, 

Fundamentals of Gas laws 

Dalton’s law of partial pressure and problem solving 

The average Kinetic Energy 

Laws of thermodynamics 

 

Problem Solving 

Investigation of Boyle’s law by practical work 

11.3.1.1 - recall and understand the terms mean-square velocity, 

saturated and unsaturated vapors, surface tension, capillary effect;; 

11.3.1.2 - recall and understand laws of ideal gas and Dalton’s law; 

11.3.1.3 - describe kinetic model and model of ideal gas; 

11.3.1.4 - recall principles of kinetic model; 

11.3.1.5 - explain how molecular movement causes the pressure 

exerted by a gas and hence deduce the relationship: 𝒑 =
𝟏/𝟑 𝒏𝒎_𝟎 〈𝒗〉^𝟐; 

11.3.1.6 - recall and solve problems using the equation of state for 

an ideal gas expressed as рV = νRТ; 

11.3.1.7 - Compare 

2

0
3

1
NmpV =

 and NkTpV = , and hence 

deduce that the average translational kinetic energy of a molecule is 

proportional to the absolute temperature T; 

11.3.1.8 - describe changes in volume due to pressure with constant 

temperature (Law of Boyle-Mariotte); 
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Study of Gay Lussac’s Law and practical work 

Isoprocesses.  

Summative assessment for unit 3B  
Laboratory work № 10 or №11 or №12: 

Investigation of isothermic process. (Investigation of 

isobar process. Determination of water surface tension 

coefficient) 

 

11.3.1.9 - describe changes in volume due to temperature with 

constant pressure (Pressure Law or Law of Gay-Lussac in Kazakh 

books); 

 11.3.1.10 - plot and analyse graphs of isoprocesses; 

 

3 11.3С 

Thermodynamics 

Graphical representation of Isoprocesses 

 

Investigation of isothermic process. Graphical 

representation of Adiabatic and isothermal processes 

 

Heat Engines 

Efficiency of heat engines & problem solving 

Entropy. 

 

 

 

 

 

Summative assessment for unit 3С 

11.3.2.1 - understand and apply first law of thermodynamics; 

11.3.2.2 - know the relationship between internal energy and 

temperature; 

11.3.2.3 - apply the First Law of Thermodynamics formula to solve 

problems; 

11.3.2.4 - know and apply the thermodynamics work formula А = 

pΔV to solve problems; 

11.3.2.5 - distinguish graphs of adiabatic and isotermic processes; 

11.3.2.6 - understand second law of thermodynamics; 

11.3.2.7 - define the notion of entropy in thermodynamics as a 

physical quantity for description of thermodynamic system; 

11.3.2.7 - understand and describe principles of work of heat 

engines; 

11.3.2.8 - recall and apply 𝜼 = (𝑸_𝟏 − 𝑸_𝟐)/𝑸_𝟏 ,    𝜼 = (𝑻_𝟏 −
𝑻_𝟐  )/𝑻_𝟏 ; 

Internal summative assessment  

Term 4 
1 11.4А 

Geometric optics 

Geometrical Optics, Spherical mirrors; (concave mirrors) 

Experimental work: Image acquisition by means of 

convergence lens  

Huygens’s principle 

Refraction in prisms and blocks and glass slabs. 

11.4.1.1 - solve problems using a spherical mirror’s formula and 

explain through the ray diagram; 

11.4.1.2 - explain the refraction of light using Huygens’ principle; 

11.4.1.3 - draw ray diagrams in a plane-parallel plate and a 

triangular prism; 
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• Ray diagram for refraction in a glass slab and 

triangular based prism.    

Experimental work: Investigation of refraction on 

boundary of two fluids 

Use of the Lensmaker’s equation and the thin lens 

formula; Focal length, radius of curvature of curved 

surfaces and relative refractive index Focal length, radius 

of curvature of curved surfaces and relative refractive 

index 

Lens aberrations 

Summative assessment for unit 4A 

Laboratory work №13: 

Investigation of refraction on boundary of two fluids 

11.4.1.4 - able to solve problems involving the refraction of light in 

a plane-parallel plate and a triangular prism; 

11.4.1.5 - describe the relationship between focal length lens and 

the radius of curvature of spherical surfaces and the relative 

refractive index of the lens; 

11.4.1.6 - solve problems using the formula 𝟏/𝑭 = ((𝒏 −
𝒏_𝟎)/𝒏)(𝟏/𝑹_𝟏 − 𝟏/𝑹_𝟐 ) 

11.4.1.7 - solve problems in the lens system; 

11.4.1.8 - understand and explain the terms of a clear image given 

by the lens aberration in lenses; 

2 11.4В 

Wave optics 

Types of waves 

 

Wave motion 

 

Travelling waves 

 

Wave reflection 

Two travelling waves travelling in opposite direction; 

Principle of superposition for waves; 

Stationary waves; 

 

Standing waves and resonance.  

Interference and diffraction. 

Diffraction grating 

Summative assessment for unit 4B 

11.4.2.1 - show an understanding of experiments that demonstrate 

stationary (standing) waves using microwaves, stretched strings and 

air columns; 

11.4.2.2 - explain the formation of a stationary wave using a 

graphical method, and identify nodes and antinodes; 

11.4.2.3 - show an understanding of the terms interference and 

coherence; 

11.4.2.4 - show an understanding of experiments that demonstrate 

two-source interference using water, light and microwaves; 

11.4.2.5 - show an understanding of the conditions required if two-

source interference fringes are to be observed; 

11.4.2.6 - solve problems using the equation 𝝀 = 𝒂𝒙/𝑫 for double-

slit interference; 

11.4.2.7 - solve problems using the formula d sinθ = nλ and 

describe the use of a diffraction grating to determine the 

wavelength; 

Internal summative assessment  
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