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Introduction
LEGO® Education is pleased to bring you  ‘Introducing Simple & 
Powered Machines’.

Who is it for?
This material is designed for use with students in grades six through 
eight. Working in pairs, students of any academic background can 
build, investigate, and learn from the models and activities included 
in this curriculum pack.

Please refer to the Next Generation Science Standards (NGSS) and 
the Common Core State Standards grids in the ‘Curriculum’ section 
of this curriculum pack to see which activities match your current 
teaching program.

What is it for?
The ‘Introducing Simple & Powered Machines’ curriculum pack 
enables students to work as young scientists, engineers, and 
designers providing them with settings, tools and activities that 
promote engineering design, science and mathematics.

Using our curriculum pack students are encouraged to involve 
themselves in real world investigations and problem-solving. They 
make assumptions and predictions. They design and make models 
and then observe the behavior of these models; they reflect and re-
design, and then record and present their findings.

The ‘Introducing Simple & Powered Machines’ curriculum pack 
enables
you to partially cover the following Crosscutting Concepts and 
overall Science and Engineering Practices, which have been set 
forth in the NGSS.

Science and Engineering Practices:
•	Asking questions (for science) and defining problems (for 

engineering) 
•	Developing and using models 
•	Planning and carrying out investigations 
•	Analyzing and interpreting data 
•	Using mathematics and computational thinking 
•	Constructing explanations (for science) and designing solutions 

(for engineering) 
•	Engaging in argument from evidence 
•	Obtaining, evaluating, and communicating information

Crosscutting Concepts:
•	Patterns
•	Cause and Effect (Mechanism and explanation)
•	Scale, Proportion, and Quantity
•	Systems and System Models
•	Energy and Matter (Flows, cycles, and conservation)
•	Structure and Function
•	Stability and Change
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What is in it?
The 9686 Brick Set
The set has 396 elements, including a motor, and building 
instructions booklets for 14 activity models and for 37 principle 
models – all in full color. Some of the building instructions booklets 
are intended for use with other LEGO® Education curriculum packs.
	
Included is a sorting tray and accompanying element overview 
showing all the different elements in the building set. Everything is 
stored in a sturdy blue storage box with a transparent lid.

Building Instructions Booklets
For each of the activity models there are two building instructions, 
a booklet A and B. The building instructions are designed for two 
separate building processes, each building only half a model. By 
combining the two sub-assemblies, students work together to 
create a single, sophisticated and powerful model.

Teacher’s Notes
In the Teacher’s Notes you will find all the information, tips and 
clues you need to set up a lesson. Each model the students build 
has specific key learning focus areas, vocabulary, questions, and 
answers, and further ideas for investigations.

Student Worksheets
Each student worksheet guides students to predict, try out, 
measure and record data, change the models to compare and 
contrast findings, and draw conclusions. 

Let the students work in pairs, predict and test their predictions at 
least three times to be confident that their results are reliable. Then 
they record their main data accordingly. At the end of each activity, 
the students are challenged to design and draw a device that 
applies the major concepts they have just explored.
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Tip:
Note	that	the	dial	
measures	almost	exactly	
1m	(≈ 1yd)	in	one	rotation.	
This	means	that	the	
pointer	is	at	zero	when	
the	cart	hits	the	floor.

Did you know?
The	empty	cart	weighs	
about	58	g	(≈ 2	oz).		
And	the	weight	brick	
weighs	53	g	(≈ 1.9	oz)...	
almost	the	same!

Did you know?
The	big	wheels	weigh		
16	g	(≈ 0.5	oz)	each	and	
the	small	ones	only	6	g		
(≈ 0.2	oz)	each.

Contemplate

Measure	how	far	the	empty	cart	rolls.	Measure	
with	a	meter	stick	(or	a	yard	stick)	and	compare	
with	the	pointer	and	dial.	Record	the	distance	
and	use	a	LEGO®	brick	as	a	marker	of	where	
it	stopped.	Test	at	least	three	times	to	be	sure	
you	have	made	a	scientifically	correct	answer.

An	unloaded	cart	should	roll	about	160	cm	
(≈ 5.25	ft).	This	is	more	than	once	around	
the	dial.	The	dial	is	accurate	to	within	a	few	
centimeters.

Trace	the	1	m	(≈ 1	yd)	dial	divisions	on	the	
plastic	disc	with	an	erasable	whiteboard	
marker.	Let	the	freewheeler	go	down	the	ramp	
again	and	see	if	it	runs	approximately	160	cm	
(≈ 5.25	ft)	by	looking	at	the	dial	and	pointer	
(one	full	revolution	of	the	disc	and	a	little	more	
than	another	half).	Carry	out	several	tests.
There	is	no	need	to	use	rulers	or	measuring	
tapes	–	just	use	the	readings	on	the	dial.

Add	a	weight	brick	to	the	cart	(book	3B,	page	
7,	step	13).	Predict	how	far	it	will	roll	this	time	by	
placing	another	marker	brick	along	the	track.	
Then	test.

The	cart	will	roll	almost	twice	as	far.	The	weight	
brick	“falling”	with	the	cart	gives	it	nearly	twice	
as	much	moving	energy.	However,	note	too	that	
extra	weight	creates	extra	friction	or	rubbing	
on	the	axles	which	slows	down	the	cart.

What	do	you	notice	about	the	pointer?

The	pointer	goes	around	more	than	once.		
You	will	need	to	count	how	many	times	it	goes	
around.

Test	several	times	to	make	sure	your	findings	
are	consistent.

Jack’s Big Wheel Deal
Will	big	wheels	help	the	cart	to	roll	further	than	
the	smaller	wheels?	Fit	them	onto	the	rear	axle	
and	test	on	the	ramp	(book	3B,	page	7,	step	14).

First	test	unloaded	(book	3B	page	7,	step	14),	
then	test	loaded	(book	3B,	page	8,	step	15).

The	cart	usually	rolls	further.	There	are	two	
reasons:	more	weight	=	more	energy,	and	the	
rear	axle	turns	more	slowly,	which	means	less	
friction.

Don’t	forget		
to	reset	the	pointer		
prior	to	each	test	run!

Freewheeling
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Tip:
If	the	thickness	of	the	
plank	causes	the	carts	to	
bump	down	from	it	onto	
the	floor,	use	a	piece	of	
card	to	make	a	smooth	
transition	from	plank	to	
floor.

Construct

Make Launching Hill
Draw	a	start	line,	1	meter	(≈ 1	yard)	from	one	
end	of	the	plank.	Place	a	support	so	that	the	
start	line	is	15	cm	from	the	floor.	Why	do	we	
need	a	start	line?

We	need	it	to	ensure	that	all	tests	are	fair;		
all	carts	should	roll	down	exactly	the	same	
ramp.

Build the Freewheeler
(All	of	book	3A	and	book	3B	to	page	6,	step	12).
•	 	Test	the	Freewheeler	on	the	ramp.	Is	the	

model	running	smoothly?	If	not,	check	all	
axles	and	bushings	to	make	sure	the	wheels	
are	turning	smoothly.	Also	check	that	all		
elements	are	firmly	linked	to	one	another

Trace the scale
Or	cut	out	paper	copies	of	the	dial	discs	if		
you	want	to	keep	the	original	discs	untouched.

Start	line
15	cm	
(≈ 6	in)

1	m	(≈ 1	yd)	from	
start	line	to	end	of	
plank

Piece	of	card

Approx.		4	m	(4	yd)		
of	smooth	floor

Freewheeling Student Worksheet
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Larger	scales	...	and	steeper	hills
Build book 3B to page 12, step 12
Change the ramp position to be 30 cm (≈ 12in) high.
Test your different types of freewheelers.

What	I	found	out	when	making	the	slope	steeper:		

	

	

	

	

	

	

My	Amazing	Downhill	Racer!	
Draw your favourite freewheeler design.  
Explain how the three best parts work.

My		
prediction

My		
measurements

Student Worksheet
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Freewheeling

Name(s):	

	
	
Which	will	roll	furthest?	Heavier	or	lighter	carts,	
with	bigger	or	smaller	wheels?		
Let’s	find	out!

Build	the	Freewheeler
(All of book 3A and book 3B to page 6, step 12.)

•  Check all axles and bushings to make sure the wheels turn 
smoothly

•  Let your freewheeler run down the ramp

Which	will	roll	further	...	heavy	or	light	loads?
•  Tip: Place a marker brick next to the track where you  

predict the cart will stop
• Reset the pointer on the dial after each test run My		

prediction
My		

measurements

Are	big	wheels	better	than	small?
• Try using big wheels on the back axle

Test	accordingly,		
following	the	challenges	below:

Extra weight

Big wheels

Big  
wheels  
and extra weight

?

Did	you	know?
The empty cart weighs about 58 g (≈ 2 oz). And the weight 
brick weighs 53 g (≈ 1.9 oz)... almost the same!
The big wheels weigh 16 g (≈ 0.5 oz) each and the small 
ones only 6 g (≈ 0.2 oz) each.

15 cm  
(≈ 6 in)
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Assessments
Three different assessment materials are provided for all fourteen of 
the activities and the six problem-solving activities. These materials 
define clear learning goals before the students start each activity 
and motivate the students to challenge themselves throughout the 
learning process. You can also use these materials to assess your 
students’ development in different learning areas. 

Student Worksheets
The student worksheets should be used record each student’s work 
throughout each activity. These worksheets are an easy-to-use 
assessment tool that will give you a clear picture of each student’s 
level and achievement during each activity. They can also comprise 
a valuable part of the students’ log books. 

Rubrics
1. Activity Assessment
This rubric page can help students to evaluate their activity work 
according to learning goals based on two science-related NGSS 
Practices and one theme from the NGSS Crosscutting Concepts.

2. Problem-Solving Assessment
This rubric can help students to evaluate their problem-solving work 
according to the engineering-related learning goals from the NGSS 
and learning objectives that are prominent in both the Common 
Core State Standards and 21st century skill set, specifically:
• How well did their design meet the requirements of the design 

brief?
• How creative was their solution?
• How well did their team work together?

Each rubric includes four levels: Bronze, Silver, Gold, and Platinum. 
The intention of the rubrics is to help students reflect on what they 
have done well in relation to the learning goals and what they might 
have done better. Students can write comments or questions in the 
‘Notes’ section of each rubric.

Students should mark the rubric. If you prefer to emphasize 
formative assessment, ask the students to set their learning 
goals before they start each activity and to record the dates that 
correspond to their completion of each level.

You can also use the rubrics as a tool in your own evaluation of your 
students’ work by marking a grade in the appropriate column and 
writing optional comments in the ‘Notes’ section.
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Date:	Name(s):	

Self-assessment

Sweeper

NGSS GOALS BRONZE SILVER GOLD PLATINUM

1. Student work related to this Crosscutting Concept: 
In this project, we drew, labeled, and explained our sweeper works.

Structure and function:

The way in which an object 
or living thing is shaped and 
its substructure determine 
many of its properties and 
functions.

• We drew and labeled the 
parts of the sweeper.

• We met Bronze
• We labeled three 

important parts of our 
sweeper.

• We explained how one 
of the parts we identified 
work to help our sweeper 
clean the path.

• We met Silver
• We explained how the 

three parts we identified 
work to help our sweeper 
clean the path.

• We met Gold
• We suggested at at least 

one improvement to our 
design to help Jack and 
Jill clean their path better.

2. Student work related to this Practice: 
In this project, we explained what we discovered after we built a “safe sweeper”.

Constructing Explanations:

Optimize performance of 
a design by prioritizing 
criteria, making tradeoffs, 
testing, revising, and re-
testing.

• We changed our model 
to include two pulleys to 
make our sweeper blade 
turn.

• We explained what we 
observed when we held 
the sweeper blades.

• We met Bronze
• We used our observations 

to help us explain why a 
sweeper blade that uses 
pulleys is safer than one 
with gears.

• We met Silver
• We tried our sweeper on a 

different surface such as a 
carpet with crumbs

• We explained at least 
one advantage and on 
disadvantage for the 
pulley design.

• We met Gold
• We shared at least one 

new discovery from our 
observation that would 
help Jack and Jill clean 
their path.

3. Student work related to this Practice: 
In this project, we made a model to test how different sweeper blades would help Jack and Jill clear their path.

Developing and Using 
Models:

Use a model to generate 
data to test ideas about 
designed systems.

• We built a model with 
wheels that could be 
pushed by hand to clear 
the path

• The wheels on our 
sweeper turned the gears.

• We met Bronze
• Our wheels and gears 

caused the sweeper blade 
to turn.

• We met Silver
• We tested all three 

sweeper blades shown on 
our worksheet.

• We met Gold
• We invented at least one 

new sweeper blade to 
test.

Notes:
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Design Brief:

Understand the problem, 
develop prototypes 
to solve it, test those 
prototypes and revise 
your design to make it 
better.

Our design met the 
goals or criteria defined 
by the activity.

We met Bronze

We tested our prototype 
multiple times.  

We made at least one 
improvement.

We met Silver

We made at least two 
improvements.

We met Gold

We tested at least two 
different designs.  

We picked the best 
design, tested it, 
and made several 
improvements.

Creativity: 

Come up with inventive 
and creative solutions 
to problems. Consider 
multiple solutions.

We started the activity 
and have at least one 
possible solution that 
looks reasonable.

We brainstormed two to 
three ideas. 

We built a working 
model to solve the 
problem.

We brainstormed more 
than three ideas. 

We built an effective 
model to solve the 
problem.

We brainstormed many 
ideas. 

We built and tested 
prototypes for at least 
two ideas.  

We built an original and 
effective model that 
solves the problem.

Collaboration: 

Work is shared 
effectively and the team 
encourages and helps 
each other.

We sometimes worked 
together well but some 
team members did more 
work than others or we 
needed help from the 
teacher to resolve some 
disagreements.

We generally worked 
together well, providing 
help and support to 
each other. 

The work was shared 
fairly evenly among the 
group members.

We worked together 
well, providing help and 
support to each other. 

The work tasks were 
shared evenly. 

We addressed issues 
that arose.

We worked together 
unusually well, 
overcoming unexpected 
obstacles by working 
together as a team. 

We actively helped and 
supported each other. 

We addressed issues 
that arose with honest, 
constructive feedback.

Notes:

Problem Solving Activity:  

Date: Name(s): 

Self-assessment
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Observation Checklist 
If a more science and engineering practices based approach to 
assessment is required in the problem-solving activities, you can 
use the Observation Checklist provided in the Teacher’s Notes to 
record your students’ grades.

You can either use the Bronze (1), Silver (2), Gold (3), and Platinum 
(4) proficiency level descriptions, or use other assessment criteria 
that are relevant to your school context. 

Where can I find the assessment materials?
You can find the assessment materials in the Teacher’s Notes for 
each of the activities and problem-solving activities.

Assessment
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Observation Checklist part 1

Science and Engineering Practices 
Grade 6-8

Bronze 1, Silver 2, Gold 3 and Platinum 4 or use an assessment score 
relevant to your school context.

Name(s)                           

Practice 1: I observed students ask questions:

a to seek more information.

b to seek evidence for a claim.

c to challenge a claim or interpretation of data.

d to identify and understand independent and dependent variables.

e that can be investigated in this class.

Practice 2: I observed students develop and/or use a model:

a to explore its limitations.

b to explore what happens when parts of the model are changed.

c to show the relationship between variables.

d to make predictions.

e to generate data about what they are designing or investigating.

Practice 3: I observed students plan and carry out investigations:

a that included independent and dependent variables and controls.

b that included appropriate measurement and recording tools.

c that tested the accuracy of various methods for collecting data.

d to collect data to answer a scientific question or test a design solution.

e to test the performance of a design under a range of conditions.

Practice 4: I observed students analyze and interpret data:

a by constructing graphs.

b to identify linear and non-linear relationships.

c to distinguish between cause and effect vs. correlational relationships.

d by using statistics and probability such as mean and percentage.

e to determine similarities and differences in findings.

f to determine a way to optimize their solution to a design problem.

Notes:
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Three Levels of Progression 
The ‘Introducing with Simple and Powered Machines’ curriculum 
pack consists of thirty-eight principle models, fourteen activities, 
and six problem-solving activities. Each of these three components 
represents one level of progression, and each is described in more 
detail below. 

Principle Models
The principle models let students experience the mechanical 
and structural principles normally hidden away inside everyday 
machines and structures. The many easy-to-build models each 
present a hands-on demonstration of one of the concepts of simple 
machines, mechanisms and structures in a clear, straight-forward 
manner.

The principle models are a pathway for students to understand and 
integrate mechanical and structural principles applied in their own 
models.

Activities
The fourteen activities allow students to apply and develop their 
knowledge of science and engineering design. These activities 
create a positive learning environment and offer a complete 
scientific learning process in which students are able to make 
predictions, build models, run tests, record data, make comparisons, 
and improve their models in order to create a better solution. 

These fourteen activities connect with the concepts introduced 
by the principle models and help students to prepare for the 
increasingly difficult challenges they will meet in the problem-
solving activities. 

 
Problem-Solving Activities
The six problem-solving activities all feature real-life problems that 
can be solved in several ways. Students will be able to test and 
integrate more than just one principle at a time.

The problem descriptions and the closely-defined design briefs are 
provided in the student worksheets. Descriptions of learning focus 
areas, materials needed, extra challenges and how to progress can 
be found in the Teacher’s Notes.

The Teacher’s Notes for each challenge provide tips on what and 
how to measure while at the same time carrying out fair testing of 
the solutions.

As additional support we have included suggested solutions to the 
problems posed. Use these as ‘tips and tricks’, or print them and 
hang them as posters as inspiration for the students. The suggested 
problem-solving model solutions are only meant as guiding 
principles for any workable solution the students will come up with 
themselves.
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Teacher’s Notes

C6
This model shows a belt driven pulley using a compound 
pulley system. This reduces speed significantly, but at  
the same time significantly increase the output force.  
The smaller drive pulley wheel causes the larger driven 
pulley wheel to move slower. The small drive pulley 
wheel on the same axle as the larger driven pulley 
wheel becomes the drive pulley wheel of the 
second, large driven pulley wheel.

C5
This model shows a belt driven pulley where the speed of 
the drive and driven pulley wheels are the same, but there  
is a change in the angle of motion caused by the twist in  
the belt.

C4
This model shows a belt driven pulley where the speed of 
the drive and driven pulley wheels are the same, but they 
turn in opposite directions because the belt crosses over.

Simple Machines: Pulley

Drive pulley

Driven pulley

Driven pulley

Drive pulley

Drive pulley
Driven pulley
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Teacher’s Notes

C3
This model shows a belt driven pulley where there is a 
decrease in speed. The driven pulley wheel turns slower 
than the drive pulley wheel. This increases the output force, 
but the belt slips with increasing load.

C2
This model shows a belt driven pulley where there is an 
increase in speed. The driven pulley wheel turns faster than 
the drive pulley wheel, but the output force is reduced and 
the belt can slip.

C1
This model shows a belt driven pulley where the speed and 
direction of the drive and driven pulley wheels are the same. 
A light grip on the output pointer will stop the driven pulley 
wheel from turning, as this causes the belt to slip.

Simple Machines: Pulley

Freewheeling Student Worksheet
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Larger	scales	...	and	steeper	hills
Build book 3B to page 12, step 12
Change the ramp position to be 30 cm (≈ 12in) high.
Test your different types of freewheelers.

What	I	found	out	when	making	the	slope	steeper:		

	

	

	

	

	

	

My	Amazing	Downhill	Racer!	
Draw your favourite freewheeler design.  
Explain how the three best parts work.

My		
prediction

My		
measurements

Student Worksheet
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Freewheeling

Name(s):	

	
	
Which	will	roll	furthest?	Heavier	or	lighter	carts,	
with	bigger	or	smaller	wheels?		
Let’s	find	out!

Build	the	Freewheeler
(All of book 3A and book 3B to page 6, step 12.)

•  Check all axles and bushings to make sure the wheels turn 
smoothly

•  Let your freewheeler run down the ramp

Which	will	roll	further	...	heavy	or	light	loads?
•  Tip: Place a marker brick next to the track where you  

predict the cart will stop
• Reset the pointer on the dial after each test run My		

prediction
My		

measurements

Are	big	wheels	better	than	small?
• Try using big wheels on the back axle

Test	accordingly,		
following	the	challenges	below:

Extra weight

Big wheels

Big  
wheels  
and extra weight

?

Did	you	know?
The empty cart weighs about 58 g (≈ 2 oz). And the weight 
brick weighs 53 g (≈ 1.9 oz)... almost the same!
The big wheels weigh 16 g (≈ 0.5 oz) each and the small 
ones only 6 g (≈ 0.2 oz) each.

15 cm  
(≈ 6 in)

Student Worksheet

Need help?
Look at:
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Design brief

Design and make a motorised lift that can carry:
• at least 50 g (or approximately 1 weight brick)
• an object at least 20 cm into the air

1. Make a sketch of the idea you designed and made.

2. Label the three most important parts, explaining how they work.

3. Suggest three improvements.

Principle Models Building 
Instructions booklet for 
gears and levers

Fishing Rod

Power Car

The Lifter

222

Student Worksheet
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The problem

Jack, Jill and Zog have a wonderful tree house, but it’s hard work climbing up and down. 
It’s even more difficult if they want to stock up with supplies.

Can you help Jack and Jill come up with a solution?

The Lifter
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Classroom Management Tips
For Your First LEGO® Education Activity, and Beyond

1. Before Class
•	Open one of the LEGO® brick sets and sort the bricks by following 

the sorting suggestion on the back of the top card.
•	Label the boxes so that you can recognize which box belongs to 

which student(s).
•	Download the curriculum pack from the URL that is printed on the 

lid of each set.
•	Try to complete the activity using the Student Worksheets.

2. During Class
•	Let the students sort their LEGO brick sets at the beginning of the 

first lesson.
•	Have the students use the lid of their set as a working tray.
•	Use a jar to collect stray pieces.
•	Make adjustments in order to challenge the students who are 

ready to improve and develop new skills.

3. After Class
•	Plan to stop the lesson with enough time to allow the students to 

tidy up.
•	If you did not finish the activity, store the LEGO sets and the 

models so that they are ready for the next lesson.
•	Evaluate the lesson.
•	Book a LEGO Education training session if you need further 

inspiration.

How much time do I need?
A 90-minute class period is ideal to be able to explore, build, and 
test in depth all the extension ideas built into the material and for 
the students to make any creative variations of their own. 

How do I handle the building instructions booklets?
For easy classroom management we suggest storing the building 
instructions booklets in separate plastic folders in binders so that 
they are at hand and ready to use at the beginning of each lesson.

You can also ask your students to download the building 
instructions booklets from the URL that is printed on the lid of each 
set, and save them to their devices.

What’s needed in my classroom?
Tables may be pushed aside to let models roll across a smooth 
floor. A desk fan may be needed to make a breeze, hair-dryers 
to make land yacht races, etc. Ideally, a computer or computers 
should be available for students to explore the Jack and Jill 
animated activity briefings.

Students need to be able to construct in pairs facing each other or 
side-by-side. It is also an advantage to have a cupboard or shelves 
to store the sets lying flat with any unfinished models on top of 
them.
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LEGO® Education 4C Approach
The activities follow LEGO Education’s 4C approach; Connect, 
Construct, Contemplate, and Continue. This enables you to 
progress naturally through the activities.

Connect
Creating a connection between a past and new learning experience 
stimulates the growth of new knowledge. Each activity therefore 
provides a short text with insights into the purpose and function 
of the specific model. The text is supported by a short video of a 
real-life machine similar to the LEGO® model. Use the text and video 
as a starting point for a class discussion or you could draw on your 
own experiences to provide an engaging introduction to the activity.

Construct
The construction of models engages both hands and minds. Using 
the building instructions, students build models embodying the 
concepts related to the key learning areas. Tips are provided for 
testing and ensuring each model functions as intended.

Contemplate
Contemplating is the opportunity to deepen the understanding 
of previous knowledge and new experiences. Based on scientific 
method, the activities encourage the students to discuss and reflect 
on their investigations, and adapt their ideas to the task at hand.

Each activity requires the students to predict an outcome, test, 
calculate and record their findings. We suggest encouraging the 
students to present their findings together with their explanations 
and rationales to each other.

We suggest stimulating the students’ reflections on their 
investigations by having them consider patterns or trends in 
their findings, identify variables and describing advantages and 
disadvantages in model function and design.

This stage in the student’s work process provides an opportunity for 
you to begin evaluating the learning outcome and progress of the 
individual student.

Continue
Learning is always more enjoyable and creative when it is 
adequately challenging. Maintaining this challenge and the pleasure 
of accomplishment naturally inspires the continuation of more 
advanced work. The open-ended continue activities challenge the 
students though a series of ‘what if’ questions to focus on particular 
features of the model that might be re-designed to give improved 
and optimized performance.

Land Yacht
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Connect

It	is	a	windy	weekend	at	the	beach	and	Jack	and	Jill	are	out	to	have	a	bit	of	fun.	They	have	this	
old	cart	they	normally	use,	but	today	it’s	Jill’s	turn	to	push	Jack	and	Zog	the	Dog,	and	the	weather	
is	really	windy,	which	makes	it	very	hard	work	for	her.

Jill	gives	up	in	the	end	and	Jack	can	understand	why.	Zog	the	Dog	does	his	best	to	help	out	and	
suddenly	he	sees	an	old	towel	half	buried	in	the	sand.	Jill	spots	it	at	exactly	the	same	time	and	
they	discuss	between	them	how	using	the	towel,	the	wind	power,	and	a	few	other	things,	it	may	
be	possible	to	make	a	kind	of	land	yacht	that	will	safely	take	them	all	for	a	fun	ride.

How can you make a safe cart that is powered by the wind ... and carries at least one person? 
Let’s find out!

Land Yacht
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Construct

Warning!
Fans	are	potentially	dangerous.	Make	sure	that	
children	handle	them	with	great	care!

Make your test track
Stick	a	4-meter	(≈ 4	yards)	strip	of	masking	
tape	across	a	stretch	of	floor	and	mark	it	off	
every	10	cm	(≈ 4	in)	from	the	fan.	Now	we	are	
ready	to	build	models!

Build the Land Yacht
(All	of	Book	9A	and	book	9B	to	page	5,	step	12).
Build	it	with	the	small	sail	first.

Approx.	4	m	(≈	4	yards)

Land Yacht
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Contemplate

What difference does sail size make?
Predict	and	test:	what	difference	could	there	
be	between	the	40	cm2	(≈ 15	in2)	(small),		
80	cm2		(≈ 31.5	in2)	(medium),	and	160	cm2			

(≈ 63	in2)	(large)	sails	on	the	yacht.	How	far	
will	each	roll	...	and	(optional)	how	fast?	Test	
at	least	three	times	with	each	sail	attached	to	
obtain	a	scientifically	valid	answer.

In	our	tests,	the	small		sail	rolled	about	1.5	m,	
the	medium	about	2	m	and	the	large	about		
2.5	m.	Double	the	area	gathers	more	wind	
energy	but	does	not	double	the	distance.	
Why?	The	further	from	the	fan,	the	weaker	the	
wind!	Larger	sails	moved	faster	at	first.	But	
all	the	sail	sizes	stopped	rolling	after	about	
10	seconds.	None	of	them	sail	faster	than	the	
wind!

What if the wind is blowing from an angle?
Launch	your	land	yacht	at	different	angles	
across	the	wind	stream.	Can	you	explain		
what	happens?

At	most	angles	except	D	the	yacht	still	moves	
forward!	One	part	of	the	wind’s	force	is		
deflected	off	the	sail,	propelling	it	forward.

The	other	part	of	the	force	tries	to	blow	it		
sideways.	In	fact	a	land	yacht	sailing	across	
the	wind	at	angles	B	and	C	can	go	very	fast	–	
but	could	also	flip	over.

Does sail shape matter?
Try	making	card	or	paper	sails	with	the	same	
area	but	a	different	shape.	Find	out	about	
Square	Riggers,	Kon	Tiki,	Chinese	Junks,	and	
Arab	Dhows	from	books	or	by	searching	the	
internet.

Did you know?
The	LEGO®	figure	weighs		
3	g	(≈ 0.1	oz).		
The	yacht	weighs	about	
55	g	(≈ 1.94	oz).		
The	weight	brick	is		
53	g	(≈ 1.9	oz).		
Predict	and	test	how	the	
yacht	would	perform	with	
a	weight	brick	load.

Note:
Your	‘serious’	scientists	
might	also	suggest		
testing	the	land	yacht	
with	just	the	bare	mast,	
i.e.	with	no	sail	at	all,		
so	you	might	wish	to	try	
that	as	well.

Tip:
Choose	ONE	speed		
setting	to	do	all	the	tests.	
Any	speed	will	do.		
We	used	high	speed.

40	cm2		

(≈ 15.7	in2)
small

80	cm2		

(≈ 31.5	in2)	
medium

160	cm2		

(≈ 63	in2)
large

A

B

C

D

page	5,	
step	12

page	9,	step	21

page	14,	step	30
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Idea:
Predict	and	test	what	
happens	if	you	face	
it	away	from	the	fan.

Continue

The Wind Sucker
Rebuild	the	model	to	page	24,	step	15.		
Hold	the	model	2	m	(≈ 2	yds)	away	facing	the	
fan	(set	on	high	speed).	Predict	what	will	
happen	when	you	let	go.	Then	try	it!	Can	you	
explain?

It	builds	up	speed	running	towards	the	fan.		
The	wheels	may	skid	when	it	is	close	to	the	
fan.
•	 	The	energy	from	the	wind	is	collected	by		

the	sails,	geared	down	(3:1),	which	increases	
the	force	and	turns	the	wheels,	but	in	the		
opposite	direction

•	 	When	it	skids	–	the	wind	force	one	way	is	
equal	to	the	friction	force	of	the	tires	pushing	
the	other	way

Making it more efficient?
Add	a	weight	brick	and	see	what	happens.
Swap	the	thin	wheels	for	big	wheels.

If	it	is	skidding,	adding	weight	increases	friction	
by	pressing	the	tires	harder	onto	the	floor.
Large	wheels	also	have	more	area	in	contact	
with	the	floor,	i.e.	friction	and	grip	increase	and	
it	moves	forward.	It	will	also	move	faster	(larger	
wheels).

About	2	m		
(≈	2	yds)		
from	the	fan


