MECHANICAL SYSTEMS PATHWAY

Mechanical Systems
A system of parts that have physical / force interactions (interact on mechanical principles)

Key themes:

· Material properties and uses

· Movement

· Energy Transfer

· Strengthening
A whole composed of parts arranged in an orderly manner according to a scheme or a plan. Changing the parts of a system (adding or removing) can change the function. Function depends on how each part interacts. Systems can be described as sequences of changes over time and through inputs and outputs. Systems fail because of missing, damaged/faulty or poorly matched parts. More parts and connections in a system means more ways to go wrong.
Early Level
· Big Idea: 
· a whole composed of parts

· at its simplest level, one object resting on another could be considered a mechanical system

· parts put together can do things that parts on their own can not

Common Misconceptions
Power

Forces

[image: image1.emf]Trigonometry:   Mj

Right angle trigonometry.    Mj

Further development of scale    Mj

drawings, length and angles    Mj

without having to use a    Mj

drawing instrument.   Mj

Curriculum Links, Skills and Interdisciplinary Learning Opportunities
Within real and imaginary settings, I am developing my practical skills as I select and work with a range of materials, tools and software. TCH 0-12a
I enjoy investigating objects and shapes and can sort, describe and be creative with them.  MTH 0-16a
I have experimented with everyday items as units of measure to investigate and compare sizes and amounts in my environment, sharing my findings with others. MNU 0-11a
I have experienced, used and described a wide range of toys and common appliances. I can say 'what makes it go' and say what they do when they work. SCN 0-04a 
Through everyday experiences and play with a variety of toys and other objects, I can recognise simple types of forces and describe their effects. SCN 0-07a 
I can talk about science stories to develop my understanding of science and the world around me. SCN 0-20a  
Through discovery, natural curiosity and imagination, I explore ways to construct models or solve problems.  TCH 0-14a
I enjoy playing with and exploring technologies to discover what they can do and how they can help us TCH 0-01a
Developing:

· manipulation / practical skills

· locgical thinking skills

· skills in problem solving

First Level
· Big Idea: 
- function depends on how the parts interact 

- something may not work if parts are missing

-  mechanical systems as a set of objects that push or pull on each other, e.g. see-saws

- mechanical interactions, how each part pushes or pulls on other parts and the parts which stay still

- not every design can be made or will work
Common Misconceptions
Power

A force is always required to make things move is a misconception - at constant speed friction acts on objects stopping them move therefore a force is needed. 

Curriculum Links, Skills and Interdisciplinary Learning Opportunities
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 I have explored simple 3D objects and 2D shapes and can identify, name and describe their features using appropriate vocabulary. MTH 1-16a
I can explore and discuss how and why different shapes fit together and create a tiling pattern with them. MTH 1-16b
I can describe, follow and record routes and journeys using signs, words and angles associated with direction and turning. MTH 1-17a
I can estimate how long or heavy an object is, or what amount it holds, using everyday things as a guide, then measure or weigh it using appropriate instruments and units. MNU 1-11a
I can estimate the area of a shape by counting squares or other methods. MNU 1-11b
Using technology and other methods, I can display data simply, clearly and accurately by creating tables, charts and diagrams, using simple labelling and scale. MTH 1-21a
I am aware of different types of energy around me and can show their importance to everyday life and my survival. SCN 1-04a 
By investigating forces on toys and other objects, I can predict the effect on the shape or motion of objects. SCN 1-07a 
Through exploring properties and sources of materials, I can choose appropriate materials to solve practical challenges. SCN 1-15a 
By exploring and using technologies in the wider world, I can consider the ways in which they help. TCH 1-01a 
By exploring current news items of technological interest, I have raised questions on the issues and can share my thoughts. TCH 1-01c 
Throughout all my learning, I take appropriate action to ensure conservation of materials and resources, considering the impact of my actions on the environment. TCH 1-02a 
During practical activities and design challenges, I can estimate and measure using appropriate instruments and units. TCH 1-13a
I explore materials, tools and software to discover what they can do and how I can use them to help solve problems and construct 3D objects which may have moving parts.  TCH 1-12a 
Through discovery and imagination, I can develop and use problem-solving strategies to construct models. TCH 1-14a 
Developing:

· skills in estimating

For example simple mechanical systems (mechanical – support, protect and contain) sytems designed to hold liquids e.g. cups - designed to stack or not, use of different materials e.g. disposable, insulator, etc 

Measuring angles using pre-made wedges.
Bring in the concept of compression and tension without using the words

Waste of materials, inefficient use of materials, appropriate use of materials

Storyline - Second Level
· Big Idea: 
· force multipliers
Common Misconceptions
The angles are the same size but one is a bigger scale – the angle that is on a bigger scale is assumed to be larger

conservation of energy has two meanings

Confusion between energy and power (equation for power)

Speed, distance and time – mathematics use s and science v

Curriculum Links, Skills and Interdisciplinary Learning Opportunities

[image: image3.emf]Material properties and uses:    Mj

Exploring materials and their purposes   Mj
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e.g. hard and soft, rigid and flexible   Mj
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Having explored a range of 3D objects and 2D shapes, I can use mathematical language to describe their properties, and  through  investigation can discuss where and why particular shapes are used in the environment. MTH 2-16a
I have investigated angles in the environment, and can discuss, describe and classify angles using appropriate mathematical vocabulary. MTH 2-17a
I can accurately measure and draw angles using appropriate equipment, applying my skills to problems in context. MTH 2-17b
Having investigated where, why and how scale is used and expressed, I can apply my understanding to interpret simple models, maps and plans. MTH 2-17d
Using technology and other methods, I can display data simply, clearly and accurately by creating tables, charts and diagrams, using simple labelling and scale. MTH 1-21a
I can use the common units of measure, convert between related units of the metric system and carry out calculations when solving problems. MNU 2-11b
I can carry out practical tasks and investigations involving timed events and can explain which unit of time would be most appropriate to use. MNU 2-10b
Using simple time periods, I can give a good estimate of how long a journey should take, based on my knowledge of the link between time, speed and distance. MNU 2-10c
I can show the equivalent forms of simple fractions, decimal fractions and percentages and can choose my preferred form when solving a problem, explaining my choice of method. MNU 2-07b
I have investigated how a set of equivalent fractions can be created, understanding the meaning of simplest form, and can apply my knowledge to compare and order the most commonly used fractions. MTH 2-07c
I can use my knowledge of the sizes of familiar objects or places to assist me when making an estimate of measure. MNU 2-11a
I can use the common units of measure, convert between related units of the metric system and carry out calculations when solving problems. MNU 2-11b
I have worked with others to explore, and present our findings on, how mathematics impacts on the world and the important part it has played in advances and inventions. MTH 2-12a
I can apply my knowledge of number facts to solve problems where an unknown value is represented by a symbol or letter. MTH 2-15a
By considering examples where energy is conserved, I can identify the energy source, how it is transferred and ways of reducing wasted energy. SCN 2-04a
Through exploring non-renewable energy sources, I can describe how they are used in Scotland today and express an informed view on the implications for their future use. SCN 2-04b
By investigating how friction, including air resistance, affects motion, I can suggest ways to improve efficiency in moving objects. SCN 2-07a
Through research and discussion I have an appreciation of the contribution that individuals are making to scientific discovery and invention and the impact this has made on society. SCN 2-20a
Having analysed how lifestyle can impact on the environment and Earth’s resources, I can make suggestions about how to live in a more sustainable way. TCH 2-02a
I can investigate the use and development of renewable and sustainable energy to gain an awareness of their growing importance in Scotland or beyond. TCH 2-02b
Through discovery and imagination, I can develop and use problem-solving strategies to construct models. TCH 2-14a
By applying my knowledge and skills of science and mathematics, I can engineer 3D objects which demonstrate strengthening, energy transfer and movement. TCH 2-12a
During practical activities and design challenges, I can estimate and measure using appropriate instruments and units.  TCH 2-13a
Simple ratios (bike gears – ratio between cogs e.g. high and low gears on a bike). Constructing simple structures that use cogs and pulleys 

Relationship between the three variables – speed is the distance covered in one unit of time.

Activities – timining something dropping, rotating e.g. water wheel, record, something moving a set distance, in a set time or at a set speed. Filming people walking between lampposts and putting in to movie-maker [Consistent units]

Being able to measure an angle. How to draw a triangle using compasses and protractors [e.g. provided with minimum information]

Scale drawings 

Rigidity in structures – triangles and tubes

Layout of nets and minimising waste.

models of bridges e.g. keystone, angles, building a cubic metre
Creating nets that tile to minimise the waste, best use out of a sheet of material.

Building simple structures with a range of  construction materials e.g. lego, knex, cardboard boxes.

Definition of technology, looking at mechanical systems in society, why are they used – more efficient, gives an advantage, makes life easier, makes things possible – e.g. using a lever to take a lid of a tin of paint. Mechanical systems through the ages and Scottish inventors. 

Activities - Wind farms.

[MTH 2-15a – this is an opportunity to see where algebra is necessary can either describe in words or use manipulation there E&O is in italics]

Third Level
· Big Idea: 
Curriculum Links, Skills and Interdisciplinary Learning Opportunities
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Using simple time periods, I can work out how long a journey will take, the speed travelled at or distance covered, using my knowledge of the link   between time, speed and distance. MNU 3-10a
I have investigated strategies for identifying common multiples and common factors, explaining my  ideas to others, and can apply my understanding to solve related problems. MTH 3-05a
I can solve practical problems by applying my knowledge of measure, choosing the appropriate units and degree of accuracy for the task and using a formula to calculate area or volume when required. MNU 3-11a
Having discussed ways to express problems or statements using mathematical language, I can construct, and use appropriate methods to solve, a range of simple equations.  MTH 3-15a
I can create and evaluate a simple formula representing information contained in a diagram, problem or statement. MTH 3-15b
Having investigated a range of methods, I can accurately draw 2D shapes using appropriate mathematical instruments and methods. MTH 3-16a
I can name angles and find their sizes using my knowledge of the properties of a range of 2D shapes and the angle properties associated with intersecting and parallel lines. MTH 3-17a
I can use a variety of methods to solve number problems in familiar contexts, clearly communicating my processes and solutions. MNU 3-03a
I have collaborated with others to find and present information on how scientists from Scotland and beyond have contributed to innovative research and development. SCN 3-20a
By investigating renewable energy sources and taking part in practical activities to harness them, I can discuss their benefits and potential problems. SCN 3-04b
By contributing to investigations of energy loss due to friction, I can suggest ways of improving the efficiency of moving systems. SCN 3-07a
I can explore and use the features of a variety of familiar and unfamiliar software to determine the most appropriate to solve problems or issues. TCH 3-03a
From my studies of technologies in the world around me, I can begin to understand the relationship between key scientific principles and technological developments.  TCH 3-01a
I can practise and apply a range of preparation techniques and processes to manufacture a variety of items in wood, metal, plastic or other material, showing imagination and creativity, and recognising the need to conserve resources.  TCH 3-13b
By applying my knowledge and skills of science and mathematics, I can engineer 3D objects which demonstrate strengthening, energy transfer and movement. TCH 3-12a
- distinguish between forces due to gravity and non-gravity forces

Right angle trigonometry. Further development of scale drawings, length and angles without having to use a drawing instrument.

Scientific definitions of what these mean – difference between energy and power, comparisons/measuring energy and power/discussion of efficiency, but not calculations.

Activities – wind turbines - more efficient in terms of cost, generation, renewable

Calculation of speed using the formula e.g. rotation of pulleys

Principle of moments. Compression and tension. Bending. Equilibrium.

Beams – relationship between shape and strength (cross section - i-section, rectangular height less than width) e.g. model with paper and test. 

Activities - combination of different parts and then design and build a bridge; Links to materials and properties of materials (comparison of cardboard and paper); see-saws, breaking structures down and how to strengthen to give them rigidity, trusses, cubic metre, (bending) reinforced concrete and bars at the bottom not the top of the beam.

More advanced that second level and relate to mathematicians and technologists.

Introducing ideas about Science, Technology, Engineering and Mathematics

Common Misconceptions
- frequency

- always gravity inside the solar system

- proportion (measure or no. of; ratio; scale)
[in technologies angles are drawn with set squares; in mathematics and science use a protractor]
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[image: image5.emf]Measurement:   Mj

Selecting objects (parts) based    Mj

on their size and weight   Mj
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 Selecting objects (parts) based    Mj
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[image: image8.emf]Energy and Forces:   Mj

Forces change movement - push,    Mj

pull, lift, stretch, squeeze and turn.   Mj

An energy store of some kind is    Mj

necessary for something to happen -    Mj

energy associated with movement    Mj

and (energy transfer).    Mj
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[image: image9.emf]Modelling mechanical systems:   Mj

Building simple structures with a    Mj

range of  construction materials    Mj

e.g.    Mjlego   Mj,    Mjknex   Mj, cardboard boxes.   Mj
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minimising the waste of    Mj

materials   Mj

TCH   Mj 1-02a   Mj
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Measure length and time    Mj

with appropriate units.    Mj
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[image: image12.emf]Cogs, pulleys, levers:   Mj

Simple ratios.    Mj

MNU   Mj 2-07b    MjMTH   Mj 2-07c    MjTCH   Mj 2-14a   Mj
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[image: image13.emf]Angles, nets, polygons:   Mj

Being able to measure an angle and     Mj

draw a triangle using compasses and    Mj

protractors. Scale drawings. Rigidity in    Mj

structures - triangles and tubes. Layout    Mj

of nets and minimising waste.   Mj
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[image: image14.emf]Distance, time speed:   Mj

Relationship between the three    Mj

variables - speed can be defined as the    Mj

distance covered in one unit of time.   Mj

MNU   Mj 2-10b    MjMNU   Mj 2-10c    MjMNU   Mj 2-11a    Mj

MNU   Mj 2-11b    MjTCH   Mj 2-13a     MjMTH   Mj 2-15a   Mj

[image: image15.emf]Energy and Forces:   Mj

Energy transfer, energy is    Mj

conserved and friction. Energy -    Mj

PSHACKLE   Mj Weight x distance.    Mj

Classes of levers.   Mj

SCN   Mj 2-04a     MjSCN   Mj 2-07a     Mj

SCN   Mj 2-04b     MjTCH   Mj 2-02b     MjTCH   Mj 2-12a    Mj

MTH   Mj 2-15a    Mj

[image: image16.emf]Impact on Society:   Mj

Definition of technology, looking at mechanical    Mj

systems in society, why are they used - more    Mj

efficient, gives an advantage, makes life    Mj

easier, makes things possible - e.g. using a    Mj

lever to take a lid of a tin of paint.   Mj

MTH   Mj 2-12a    MjTCH   Mj 2-02a     MjSCN   Mj 2-20a    Mj

[image: image17.emf]Speed and gear ratio:   Mj

Calculation of speed using the    Mj

formula e.g. rotation of pulleys   Mj

MNU   Mj 3-10a     MjMTH   Mj 3-05a    MjMNU   Mj 3-11a    Mj

MTH   Mj 3-15a    MjMTH   Mj 3-15b    MjTCH   Mj 3-03a   Mj

[image: image18.emf]Levers, frames and beams:   Mj

Principle of moments. Compression    Mj

and tension. Bending. Equilibrium.   Mj

MTH   Mj 3-15a    MjMTH   Mj 3-15b    MjMTH   Mj 3-16a    Mj

MTH   Mj 3-17a    MjMNU   Mj 3-03a    Mj

TCH   Mj 3-01a    MjTCH   Mj 3.13b   Mj
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Scientific definitions of what these    Mj

mean - difference between energy and    Mj

power, comparisons/measuring energy    Mj

and power/discussion of efficiency, but    Mj

not calculations.   Mj

SCN   Mj 3-07a     MjMTH   Mj 3-15a    MjMTH   Mj 3-15b     Mj

SCN   Mj 3-04b    MjMNU   Mj 3-03a    MjTCH   Mj 3-12a   Mj
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More advanced than second level    Mj

and relate to mathematicians and    Mj

technologists.   Mj

SCN   Mj 3-20a    Mj

