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Foundations of Engineering  
 
 

Course description   
 

Foundations of Engineering is an introductory engineering course which takes a conceptual and 

mathematical look at the world of engineering.  In this course, students will gain an 

understanding of engineering as a college major, engineering as a career, and the role 

engineering plays in our society. Students will explore modern technological systems and 

engineering solutions which meet societal needs. The course will develop students’ skills in 

teamwork, problem solving and design. Topics include simple machines and gears, mechanical 

work and energy, electrical work and power, alternative energy, introduction to robotics and 

programming, visualization and use of computer modeling and design software.  The course is 

project-based and will include a District final exam. Foundations of Engineering will prepare 

students for more advanced study in our STEAM strand engineering electives.  

 

This is a 10
th

 grade course. 

Co-requisite: Geometry or its equivalent. 
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Introduction*Materials*
!
Curricular*Goals:*
The!students!will!be!able!to:!

• Describe!the!difference!between!engineering!and!engineering!technology!
• Identify!and!differentiate!among!different!engineering!disciplines.!
• What!is!expected!of!them!for!the!career!project!to!score!high!on!the!rubric!
• Understand!the!differences!between!the!6!steps!of!the!design!process!
• Hold!and!use!a!dial!caliper!
• Learn!the!difference!between!the!4!different!measurements!on!a!dial!caliper!
• Learn!how!to!take!the!measurements!on!a!dial!caliper!
• Learn!how!to!read!the!measurements!on!a!dial!caliper!

!
Learning*Standards:*

• Standards!for!Technological!Literacy:!
o Standard!2:!Students!will!develop!an!understanding!of!the!core!concepts!of!technology!
o Standard!3:!Students!will!develop!an!understanding!of!the!relationships!among!

technologies!and!the!connections!between!technology!and!other!fields!of!study!
o Standard!8:!Students!will!develop!an!understanding!of!the!attributes!of!design.!
o Standard!11:!Students!will!develop!abilities!to!apply!the!design!process.!
o Standard!12:!Students!will!develop!the!abilities!to!use!and!maintain!technological!products!

and!systems.!
! Use!computers!and!calculators!to!access,!retrieve,!organize,!process,!maintain,!

interpret,!and!evaluate!data!and!information!in!order!to!communicate.!
o Standard!17:!Students!will!develop!an!understanding!of!and!be!able!to!select!and!use!

information!and!communication!technologies.!
o Science!and!Technology!Standard!E:!As!a!result!of!activities!in!grades!9P12,!all!students!

should!develop—!
! !Abilities!of!technological!design!
! !!Understanding!about!science!and!technology!

• Standards!for!English!Language!Arts!
o Standard!4:!

! Students!adjust!their!use!of!spoken,!written,!and!visual!language!(e.g.!conventions,!
style,!vocabulary)!to!communicate!effectively!with!a!variety!of!audiences!and!for!
different!purposes.!

o Standard!5:!
! Students!employ!a!wide!range!of!strategies!as!they!write!and!use!different!writing!

process!elopements!appropriately!to!communicate!
Common*Core*Standards:*

o CSS.ELAPLiteracy.RST.11P12.1!
o CSS.ELAPLiteracy.RST.11P12.7!

!
Misconceptions:!

o Students!do!not!realize!how!mathematical!engineering!is.!Engineering!technology!is!the!field!that!
is!less!mathematical!and!more!hands!on.!

o Students!still!have!to!find!information!elsewhere!if!their!particular!university!does!not!supply!the!
information!on!their!website!such!as!research!and/or!course!descriptions.!

o Students!get!confused!when!reading!the!caliper.!!For!example!when!the!slider!is!in!the!number!5!
region,!the!value!would!be!.4!not!.5.!

*



Daily*Lesson*Overviews:*
!
A!full!lesson!plan!is!provided!for!Day!4!
Day!1:!

• Aim:!What!are!the!different!fields!of!engineering?!
• Materials:!Career!PowerPoint,!Career!PowerPoint!document,!sheet!of!paper!for!students.!
• Motivation:!Students!will!have!the!opportunity!to!explore!a!university!and!engineering!program!

of!their!choosing!possibly!to!attend!in!the!future.!
• Procedure:!

o Students!should!be!informed!that!they!will!need!engineering!notebooks!right!away.!For!
today!they!may!take!notes!on!a!sheet!of!paper!to!be!stapled!into!their!notebooks.!

o Students!will!take!notes!on!the!different!fields!of!engineering!in!the!beginning!of!the!career!
PowerPoint.!!

o Before!beginning!the!example!career!PowerPoint!the!teacher!and!students!will!go!over!the!
Career!PowerPoint!document.!This!is!where!the!teacher!will!discuss!the!rubric!and!what!
each!category!means.!

• Homework*tonight:!Create!a!shared!PowerPoint!on!a!Google!doc!with!the!teacher.!On!this!
PowerPoint!write!down!3!engineering/university!pair!to!explore!along!with!your!name.!You!may!
choose!the!same!field!of!engineering!with!three!different!schools!or!vica!verca.!All!3!choices!can!be!
completely!different.!Part!of!the!student’s!homework!is!to!make!sure!that!these!schools!offer!the!
field!you!seek.!It!is!your!job!to!make!sure!that!you!don’t!choose!a!university!that!doesn’t!specialize!
in!your!field.!It!is!important!for!students!to!create!this!PowerPoint!right!away!before!they!choose!
to!create!their!PowerPoint!on!a!different!platform.!

!
Day!2:!
!

• Aim:!What!are!the!different!fields!of!engineering?!
• Materials:!Career!PowerPoint,!Career!PowerPoint!document,!sheet!of!paper!for!students.!
• Motivation:!Students!will!have!the!opportunity!to!explore!a!university!and!engineering!program!

of!their!choosing!possibly!to!attend!in!the!future.!
• Procedure:!

o Have!students!take!out!their!career!document!(rubric)!and!the!list!of!their!choices.!
o Choose!an!order!for!the!students!to!sign!up!for!a!combination.!(by!seat,!by!name,!by!

birthday).!Every!student!will!have!a!unique!combination.!For!instance,!two!people!can!sign!
up!for!the!same!school!but!they!must!have!different!engineering!programs.!Or!they!can!
have!the!same!program!but!must!be!at!different!schools.!

o Go!through!the!rest!of!the!PowerPoint!with!the!class!highlighting!each!part!in!the!rubric.!
o Assign!a!due!date!

Day!3:!
!

• Aim:!6!step!Design!Process!
• Materials:!6!Step!Design!Process!PowerPoint,!engineer’s!notebook.!
• Motivation:!this!is!an!introductory!design!process!that!the!students!will!utilize!throughout!the!

year!during!all!projects.!
• Procedure:!

o Go!through!the!design!process!PowerPoint!while!students!take!notes!in!their!engineer’s!
notebook.!!

o They!will!need!these!notes!and!examples!in!the!future!to!record!all!hands!on!projects.!
Day!4:!

• Aim:!How!to!Read!a!Dial!Caliper!



• Materials:!Dial!Calipers!PowerPoint,!Access!to!computers!(each!student!will!need!their!own)!and!
the!handout!entitled!“How!to!read!a!dial!caliper”!(I!will!use!a!google!form!quiz!created!from!this!
handout!instead!that!I!intend!to!use!as!a!quiz),!dial!calipers!and!multiple!objects!of!known!
thickness!for!students!to!measure.!Note:!if!you!don’t!have!access!to!computers!you!may!use!the!
handout!alone!or!allow!the!students!to!use!their!phones.!

• Motivation:!This!is!a!handsPon!activity!for!students!to!learn!how!to!read!a!dial!caliper!for!future!
projects.!

• Procedure:!
o Go!through!the!PowerPoint!with!students!and!allow!them!to!use!and!hold!the!dial!calipers!

to!make!connections!between!the!pictures!and!the!objects.!
o The!last!slide!of!the!PowerPoint!can!be!printed!out!for!students!to!take!actual!

measurements!on.!
o Allow!students!to!measure!different!dimensions!on!5!different!objects!or!5!different!

measurements!on!one!object.!
o The!students!will!then!work!on!the!handout!“How!to!read!a!dial!caliper”.!They!may!do!this!

in!class!or!for!homework.!The!link!for!the!website!for!students!to!follow!is!given!on!the!top!
of!their!worksheet.!Students!should!log!in!and!go!to!the!site!on!a!computer!or!on!their!
phone.!

o It!is!recommended!that!you!upload!the!pdf!onto!edmodo!for!them!to!follow.!The!table!that!
is!at!the!bottom!of!the!sheet!can!be!inputted!into!their!engineering!notebooks.!

o At!the!completion!of!the!activity!students!should!now!use!the!dial!calipers!to!get!at!least!5!
more!measurements!of!known!values!by!the!teacher.!!The!measurements!should!be!varied!
and!students!should!use!all!the!tools!offered!by!the!caliper.!One!measurement!to!use!the!
height!or!length,!one!for!step!length,!one!for!inside!diameter!and!one!for!outside!diameter!
(this!will!utilize!all!the!tools).!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



Day*4*Lesson*Plan*
!
Unit:!Introduction!Materials!
!
Lesson:!How!to!Read!a!Dial!Caliper!
!
Goals:!

• Hold!and!use!a!dial!caliper!
• Learn!the!difference!between!the!4!different!measurements!
• Learn!how!to!take!the!measurements!
• Learn!how!to!read!the!measurements!

!
Learning*Standards:*

• Standard!12:!Students!will!develop!the!abilities!to!use!and!maintain!technological!products!and!
systems.!

o Use!computers!and!calculators!to!access,!retrieve,!organize,!process,!maintain,!interpret,!
and!evaluate!data!and!information!in!order!to!communicate.!

• Standard!17:!Students!will!develop!an!understanding!of!and!be!able!to!select!and!use!information!
and!communication!technologies.!

• Science!and!Technology!Standard!E:!As!a!result!of!activities!in!grades!9P12,!all!students!should!
develop—!

! !Abilities!of!technological!design!
! !!Understanding!about!science!and!technology!

*
!
Common*Core*Standards:*

o CSS.ELAPLiteracy.RST.11P12.7*
!
Essential*Questions:*

• What!are!the!4!different!measurements!you!can!take!with!a!dial!caliper?!
• How!do!you!know!which!tool!on!the!dial!caliper!to!use?!
• How!do!you!read!a!dial!caliper?!

!
Misunderstandings:!

• Students!get!confused!when!reading!the!caliper.!!For!example!when!the!slider!is!in!the!number!5!
region,!the!value!would!be!.4!not!.5.!

!
Vocabulary:!
Standard!Inch!Dial!Caliper,!Blade!scale,!blade,!slider,!pointer,!reference!edge,!rack!
!
Aim:!
How!to!read!a!dial!caliper!
!
Materials:!

• Dial!Calipers!PowerPoint!with!the!last!page!printed!out!for!the!students!
• Access!to!computers!(each!student!will!need!their!own)!
• Handout!entitled!“How!to!read!a!dial!caliper”!or!pdf!posted!to!edmodo!or!website,!or!google!form.!
• Dial!calipers!(one!for!each!student)!
• Multiple!objects!of!known!thickness!for!students!to!measure.!Note:!if!you!don’t!have!access!to!

computers!you!may!use!the!handout!alone!or!allow!the!students!to!use!their!phones.!



!
Procedure:!

• Hand!out!dial!calipers!and!go!over!with!the!students!how!the!sliding!scale!works!and!where!to!
hold!their!hand.!

• Go!through!the!PowerPoint!with!students!and!allow!them!to!use!and!hold!the!dial!calipers!to!make!
connections!between!the!pictures!and!the!objects.!

• There!are!practice!slides!that!students!can!determine!the!value!of!before!moving!onto!the!next!
slide.!

• The!last!slide!of!the!PowerPoint!can!be!printed!out!for!students!to!take!actual!measurements!on.!
• Have!students!fill!in!the!values!for!the!various!measurements!while!the!teacher!walks!around!the!

room!to!check.!
• Students!will!now!take!measurements!on!5!different!objects!given!to!them!by!the!teacher.!!Clarify!

which!you!would!like!them!to!measure.!They!should!create!a!table!and!record!this!in!their!
engineer’s!notebook.!

• Students!will!now!use!a!computer!to!access!a!google!form!that!is!shared!with!them.!This!is!the!
same!as!the!handout!“how!to!read!a!dial!caliper”.!

• This!google!form!will!be!used!as!a!quiz!for!10!points.!They!cannot!work!together.!If!using!
computers,!you!may!want!them!logged!on!and!ready!to!go!so!you!don’t!have!to!wait!for!the!
computers!to!load.!

!
Assessments:!
F:!teacher!will!ask!questions!and!listen!to!responses!during!PowerPoint!
F:!teacher!will!walk!around!the!room!to!check!student!answers!on!the!last!page!of!the!Power!Point!and!
the!5!measurements!on!objects!
S:!students!will!have!a!summative!assessment!on!how!to!read!a!dial!caliper!through!a!10!question!quiz!on!
Google!forms.!
!
!
!
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!̅ = average speed/average velocity 
vf = final velocity 
vi = initial velocity 
a = acceleration 
t = time 
d = distance/displacement 
x = range (for projectiles only) 
! = theta, angle measured to the horizon 
g = acceleration due to gravity 

V=Voltage 
I = Current 
KE = Kinetic Energy 
m = mass 
v = velocity 
PE = Potential Energy 
g = acceleration due to gravity 
h = height 
W = work 
F = force 
d = distance 
t = time 
P = Power 
 

C = circumference 
r = radius 
d = diameter 
b = base 
h = height 
 

! = 9.81!! !!!  ! = 32.15!!" !!!  



Careers in Engineering and 
Engineering Technology 



What is Engineering? 
Engineering . . . 

–  Is using math and science to solve practical 
problems 

– Requires creativity, persistence, and a desire 
for improvement 

 





Aerospace Engineering 
Design, develop, and test aircraft and spacecraft 
ranging from rockets and spacecraft to gliders and 
small passenger aircraft. 

You might:  
!  Design or build instrumentation to 
colonize space 
!  Make planes go faster 
!  Make air travel safer 
!  Investigate crashes 

 



Agricultural Engineering 
Create technology to advance food, biological, 
irrigation, and machinery systems.  

You might:  
!  Design systems for crop 
growth in small spaces 
!  Develop fish-farming systems 
!  Research and modify pesticide 
use 
!  Improve food safety 



Biomedical Engineering 

Devise procedures and 
devices to improve 
medical conditions. 

You might:  
!  Design artificial organs, limbs, or joints 
!  Manufacture medications for diseases 
such as cancer or AIDS 
!  Determine ways to prevent sports 
injuries 

 



Chemical Engineering 
Address issues related to chemical production, 
transformation of raw materials, and chemical use. 

You might:  
!  Create more efficient fuel sources 
!  Devise alternative production 
methods 
!  Map the human genome 
!  Develop medications 

 



Civil Engineering 
Plan the design, construction, and 
maintenance of various civil structures. 

You might:  
!  Build tunnels or 
bridges 
!  Design roller coasters 
!  Create airports 
!  Determine weather 
safety designs for 
buildings 

 



Computer Hardware 
Engineering  
Research, design, develop, and test computer 
systems and computer-related equipment. 

You might:  
!  Design networks 
!  Build computer systems for 
NASA 
!  Analyze system requirements 

 



Electrical Engineering 
Design, develop, and test the manufacture of 
electrical equipment and large-scale electrical 
systems. 

You might:  
!  Design an effective 
radar system 
!  Determine new ways to 
harness electrical power 
!  Test aircraft electrical 
equipment 
!  Oversee electric utilities 

 



Electronic Engineering 
Design, develop, and test small electronic 
systems, such as appliances, telephones, surgical 
devices, etc. 

You might:  
!  Create a cell phone design 
!  Build video games 
!  Invent medical micro robots capable of 
examining the human body 
 

 



Environmental Engineering 
Solve environmental problems related to pollution, 
water use, materials and energy use, waste 
treatment, etc. 

You might:  
!  Clean up hazardous waste sites 
!  Design technology for reprocessing materials 
!  Design methods for reducing pollutants in our atmosphere 

 



Health & Safety Engineering 
Identify potential hazards and develop protocols to 
prevent or reduce hazardous situations. 

You might:  
!  Prevent workplace accidents 
!  Enforce measures to 
prevent nuclear accidents 
!  Reduce traffic accidents 

 



Industrial Engineering 
Plan the most effective, efficient ways to build 
structures, lay out production facilities, run 
organizations, transport goods, etc. 

You might:  
!  Improve efficiency in hospitals 
!  Determine machine layout for 
manufacturing facilities 
!  Design stadium facilities for 
convenient use 

 



Marine & Ocean Engineering 
Design, construct, operate, and maintain 
machinery or structures that exist in or near the 
water. 

You might:  
!  Build or maintain oil rigs 
!  Build robots for deep sea 
exploration 
!  Design marine vessels 
!  Improve submarine 
technology 

 



Materials Engineering 
Develop, process, and test materials to be 
used to fulfill a specific design purpose. 

You might:  
!  Improve the safety of 
combat uniforms 
!  Determine material to 
replace burn victims� skin 
!  Design protective materials 
to be used for space travel 
!  Develop materials that 
efficiently conduct electricity 

 



Mechanical Engineering 
Research, develop, design, manufacture, and 
maintain devices that produce or consume power. 

You might:  
!  Design cars 
!  Determine new uses for 
lasers 
!  Maintain power-
producing equipment, 
such as wind turbines 
!  Build production 
machines 

 



Mining & Geological 
Engineering 
Design, develop, and maintain mines, mining 
equipment, and mining techniques needed to 
locate and extract ores and minerals from the 
Earth. 

You might:  
!  Locate gold or silver deposits 
!  Develop explosive methods 
!  Create safety procedures for the 
mining industry 
!  Design efficient extraction 
equipment 

 



Nuclear Engineering 
Develop methods and systems that utilize nuclear 
materials for energy, medicine, and industry. 

You might:  
!  Inspect or maintain nuclear submarines 
!  Identify new medical uses for radiation 
!  Develop methods to utilize nuclear 
energy for space travel 

 



Petroleum Engineering 
Locate oil or natural gas reservoirs and 
design methods to extract and transport oil. 

You might:  
!  Design new methods for extracting oil 
or natural gas from the Earth 
!  Determine the most cost-effective 
extraction locations 
!  Identify locations containing oil and 
natural gas 
 

 



Career Power Point: 

Please review the project description while 
going through the following PowerPoint. 



Become an Earth and 
Environmental Engineer from 
Columbia University




Major Projects:


Tragedy at Love Canal NY


Many people today still lack

Access to safe drinking water


Montague Michigan, company uses the hills to dump

Toxic waste


Toxic waste was

Discarded into the

Oceans and lakes




Michigan

•  After Michigan�s horrific pollution incident 

they were the first ever to receive state 
funding to clean up toxic waste sites


•  Today state funding is available to help 
cleanup the land from accidents such as oil 
spills and leaks




What is an environmental engineer 
anyway?

•  An environmental engineer�s job includes 

providing essential materials to society, 
while pioneering important new 
environmental initiatives. 


– Environmental Engineering building at Columbia 
University




Research at Columbia University 

• Waste-to-energy landfills 
 
• Ecological restoration of the Everglades 
 
• Capturing Carbon from the air 

              (details to follow) 



Focus on Environmental Health

Environmental health engineering focuses on 

identifying, evaluating and rectifying 
environmental problems that have a discernable 
impact on public health and developing 
engineering solutions to these causal factors.


Actual Research at CU:

Waste – to – energy landfills 
are a 

Next step but is it impacting 
public

Health?




Focus on Water Resources and 
Climate Risks


Water resources and climate risks focuses on 
the movement, availability and quality of water 
throughout the Earth. 


Actual research at CU:

Using climate for operational management

And ecological restoration of the everglades




Focus on Sustainable Energy

Sustainable energy and materials focuses on 

innovative ways to provide energy and 
material resources to society ina sustainable 
and environmentally responsible manner. 


Actual research at CU:

A new technology to capture 
carbon 

From the air!




What to do if your University does 
not display their research? 

Look up research from another university and 
state “The University of … does not display 

their research opportunities, but the research 
at … University in Environmental Engineering is 

… 
 

This should not be left blank but you should 
inform us of where you are getting the 

information from. 



10 UNIQUE courses: 
Alternative energy resources  

Unconventional, alternative energy 
resources. Technological options and their 

role in the world energy markets. 
Comparison of conventional and 

unconventional, renewable and non-
renewable energy resources and analysis of 
the consequences of various technological 

choices and constraints.  



A better planet by design  
Introduction to design for a sustainable 
planet. Scientific understanding of the 
challenges. Innovative technologies for 

water, energy, food, materials provision. 
Solution strategies for developed and 

developing country settings. 



Earth resource production 
systems 

The aim is to provide a broad background 
for earth and environmental engineers in 
careers involving minerals and industrial, 

large-scale environmental projects. 



Energy, minerals and 
materials systems  

Overview of energy resources, resource 
management from extraction and processing 

to recycling and final disposal of wastes. 



Introduction to rock 
mechanics  

Rock as an engineering material, geometry 
and strength of rock joints, geotechnical 

classification of rock masses, strength and 
failure of rock, field investigations prior to 
excavation in rock, rock reinforcement, 
analysis and support of rock slopes and 

tunnels, and case histories. 



Processing of metals and 
semiconductors 

Synthesis and production of metals and 
semiconductors with engineered 

microstructures for desired properties.  



Summer fieldwork for earth 
and environmental 

engineers 
The course consists of mine, landfill, plant, 
and major excavation site visits and brief 

instruction of surveying methods.  



Environmental geophysics 
Overview of principles of geophysics, 
geophysical methods and techniques 
(seismic, ground penetrating radar, 

resistivity, frequency em, and magnetics), 
and theory and practical aspects of data 

processing and inversion.  



Hydrosystems engineering 
A quantitative introduction to hydrologic and 

hydraulic systems, with a focus on 
integrated modeling and analysis of the 

water cycle and associated mass transport 
for water resources and environmental 

engineering.  



Environmental control and 
pollution reduction systems 

Review of engineered systems for 
prevention and control of pollution. 

 
 



Undergraduate research in 
Earth and environmental 

engineering  

Conduct an investigation in Earth and 
Environmental Engineering, or carry out a 
special project under the supervision of 

EAEE faculty.  



What if your University does not 
display the course descriptions? 

You should be able to at least find the 
course list.  Google the course descriptions 

for each course (not the course #). You 
should be able to find a similar course 

description for a similar course. The titles 
don’t have to match exactly.  



What is the tuition?

 $18735 per semester




Starting Salary?

According to the Bureau of Labor Statistics…




Help Wanted 
Facility in Burnside, LA Needs:  
Senior Environmental Engineer  
We’re looking for an Environmental Engineer 
who will be responsible for ensuring 
compliance with environmental rules and 
regulations.  
•  Bachelor’s degree in a related engineering field – 

Environmental Engineering, Chemical 
Engineering, etc. 

•  5+ years of related experience in a chemical, 
petrochemical or petroleum production/refining 
facility. 

 



Help Wanted: POET 
Biorefineries 
The Environmental Engineer is responsible 
for designing and overseeing programs that 
help ensure regulatory compliance for all 
POET Biorefineries.  
•  BS or BA or greater in Environmental Science, 

Engineering or Science is required.   
•  Up to five (5) years’ experience in environmental 

permitting and/or compliance. 
•  Successful completion of the Fundamentals of 

Engineering examination preferred. 



Web Sites Used

http://www.columbia.edu/ 
 
http://www.bls.gov/oco/ocos027.htm 
 
http://www.kabainc.net/keypersonnel/

deannanohs.html 
 
http://www.kabainc.net/ 
 
 
 
 
 



Engineering'Career'Project'Power'Point:'
You$are$to$choose$1$field$of$engineering$and$research$that$field$at$a$specific$university$of$your$choice.$You$MAY$NOT$have$the$same$combination$as$another$student.$
Therefore,$signing$up$for$your$project$is$necessary.$$
$
What$MUST$BE$included$in$your$PowerPoint?$

1. Title$of$your$field$and$university$with$a$picture$
2. 2$Major$Projects$in$your$field$of$study.$These$are$major$projects$in$the$world$that$your$field$of$engineering$is$part$of$such$as$building$a$bridge$or$designing$new$

ways$to$harvest$renewable$resources$with$appropriate$pictures.$
3. Definition$of$your$engineering$field$(what$odes$one$do$in$your$field?)$with$appropriate$pictures.$
4. 2$research$opportunities$at$the$college$level$with$appropriate$pictures.$
5. 10$unique$courses$to$your$field$of$study$WITH$course$descriptions$(pictures$should$be$included$on$some)$
6. Tuition$at$your$university$(should$include$housing$expenses,$we’ll$assume$no$one$is$travelling).$
7. Starting$salary$for$someone$in$your$field$
8. 2$help$wanted$ads$for$someone$with$your$degree$(you$may$use$monster$or$career$builder)$

a. Must$include$description$statement$of$job$
b. Must$include$2$job$requirements$

9. Works$cited$page:$
$

$ 0'points' 2'points' 4'points'
Major'projects'in'your'field'of'study' Not$included$ Only$one$major$project$included$OR$both$included$

but$not$enough$information$is$included$
Both$major$projects$included$and$they$were$

described$satisfactory.$
Definition'of'engineering'field' Not$included$ Information$is$included$but$not$complete$ All$information$is$included$and$complete$
2'Research'opportunities' Not$included$ Only$one$research$opportunity$is$included$OR$

both$included$but$not$enough$information$is$
included$

Both$research$opportunities$are$included$and$
were$described$satisfactory.$

10'unique'courses' Not$included$ Not$all$courses$are$included$OR$no$course$
descriptions$OR$not$all$courses$have$course$
descriptions$OR$courses$are$not$unique$

All$courses$are$included,$they$are$unique$and$they$
include$course$descriptions.$

Tuition'and'Starting'salary' Not$included$ Only$one$is$included$ Both$are$included$
2'Help'wanted'ads' Not$included$ Only$one$is$included$OR$both$are$included$but$

there$is$missing$information$
Both$are$included$and$the$necessary$information$

is$complete.$
Works'Cited'Page' Not$included$ Included$ $
Overall'layout'with'text' $ Slides$are$too$wordy.$You$should$have$spread$out$

the$slides$more.$
You spaced out the information in a cohesive order 
with not too much text on each slide  

$
Overall'layout'with'pictures' You$did$not$use$pictures$or$graphics$ You used the bare minimum amount of pictures and 

graphics  

$

You used enough pictures to balance out the text 
with the graphics.  

(most slides should have pictures or images on them) 

Overall'presentation' $ I was not highly motivated to consider joining your 
field of study. Your presentation was lacking and 
may have seemed to be put together last minute.  

 

I was inspired by your overall presentation and 
would consider majoring in your field of 
engineering. Your presentation seemed rehearsed and 
you knew about the topics you presented on.  

 

$



A Design Process 



What Is Design? 

The word 
“design” is often 
used as a 
generic term 
that refers to 
anything that 
was made by a 
conscious 
human effort. 

Design is also a 
process that is 
used to 
systematically 
solve problems. 



What Is a Design Process? 

A design process is a systematic 
problem-solving strategy, with 
criteria and constraints, used to 
develop many possible solutions to 
solve or satisfy human needs or 
wants and to narrow down the 
possible solutions to one final 
choice.  
 
– ITEA Standards for Technological 

Literacy 

Images courtesy of NASA 



Design Process 

 Various design 
processes are 
used across 
different technical 
fields. The 
following are 
examples. 



Design Process Steps 
1. Define the Problem 
2. Generate Concepts 
3. Develop a Solution 
4. Construct and Test a 

Prototype 
5. Evaluate the Solution 
6. Present the Solution 
 This design process was developed based on the 
University of Maryland - College Park - IRB 
Research Project 



Design Process 

•  Design process used in IED is an example 
of one design process 

•  Many design processes exist and are 
effective 

•  Consistently applying a single clearly 
defined design process provides a basis 
for understanding 



•  Identify a problem 
•  Validate the problem 

– Who says it is a problem? 
– Needs and wants 
– Prior solutions 

•  Justify the problem 
–  Is the problem worth solving? 

•  Create design requirements (specifications) 
– Criteria and constraints 

•  Design Brief 

Define the Problem 



Define the Problem 
•  Design Brief 

– A written plan that identifies 
a problem to be solved, its 
criteria, and its constraints. 

– Used to encourage thinking 
of all aspects of a problem 
before attempting a 
solution. 



•  Identify a problem 
•  Validate the problem 

–  Who says it is a problem? 
–  Needs and wants 
–  Prior solutions 

•  Justify the problem 
–  Is the problem worth solving? 

•  Create design requirements (specifications) 
–  Criteria and constraints 

•  Design Brief 

Define the Problem 

In some cases, if the 
problem is not valid or 
justifiable, the designer 
must define a new 
problem. 



•  Research 
•  Brainstorm possible 

solutions 
•  Consider additional design 

goals 
•  Apply STEM principles 
•  Select an approach 
•  Decision Matrix  

Generate Concepts 



•  Decision Matrix 
−   A tool used to compare 

design solutions against one 
another, using specific 
criteria. 

Generate Concepts 



•  Research 
•  Brainstorm possible 

solutions 
•  Consider additional design 

goals 
•  Apply STEM principles 
•  Select an approach 
•  Decision Matrix  

Generate Concepts 

If the technology 
necessary to develop 
the solution does not 
exist, scientific research 
may be necessary to 
pursue a solution. 



Develop a Solution 
•  Create detailed design 

solution 
•  Justify the solution path 
•  Technical Drawings 



Develop a Solution 
•  Technical Drawings 

– Drawings that provide 
technical information 
necessary to produce a 
product. 

•  material, size, shape 
•  assembly, if necessary 



Develop a Solution 
•  Select an approach 

– Decision Matrix 
•  Create detailed design 

solution 
– Technical Drawings 

•  Justify the solution path 

If a solution is found to be 
invalid or cannot be 
justified, the designer must 
return to a previous step in 
the design process. 



•  Construct a testable 
prototype 

•  Plan prototype testing 
–  Performance 
–  Usability 
–  Durability 

•  Test prototype  
–  collect test data 
–  analyze test data 

•  Test Report 

Construct and Test 
a Prototype 



•  Construct a testable 
prototype 

•  Plan prototype testing 
–  Performance 
–  Usability 
–  Durability 

•  Test prototype  
–  collect test data 
–  analyze test data 

•  Test Report 

If a testable prototype 
cannot be built or test 
data analysis indicates a 
flawed design, the 
designer must return to a 
previous step of the 
design process. 

Construct and Test 
a Prototype 



Evaluate the Solution 
•  Evaluate solution 

effectiveness 
•  Reflect on design  

–  Recommend improvements 

•  Optimize/Redesign the 
solution 
–  [Return to prior design 

process steps, if necessary] 
–  Revise design documents 

•  Project Recommendations 



Evaluate the Solution 
•  Evaluate solution 

effectiveness 
•  Reflect on design  

–  Recommend improvements 

•  Optimize/Redesign the 
solution 
–  [Return to prior design 

process steps, if necessary] 
–  Revise design documents 

•  Project Recommendations 



Evaluate the Solution 

Does the solution solve 
the problem?   
 
If not, the designer must 
return to a previous step 
of the design process. 



•  Document the project 
–  Project Portfolio 

•  Communicate the 
project 
–  Formal Presentation 

Present the Solution 



Design Process 

•  Iterative 
–  a process that 

repeats a series of 
steps over and over 
until the desired 
outcome is obtained 

 



Product improvement 
or redesign will 
require the designer 
to repeat the design 
process. 

A Design Process 

Product 
Innovation !



Dial Calipers 



General Information 

Dial Calipers 



Dial Calipers are arguably the most common 
and versatile of all the precision measuring tools 
used by engineers and manufacturers. 



Four Types of Measurements 

Dial Calipers 



Dial calipers are used to perform four common 
measurements on parts… 



1.  Outside Diameter or Object Thickness 

2.  Inside Diameter or Space Width 

3.  Step Distance 

4.  Hole Depth  



Outside Measuring Faces 
These are the faces between which outside 
length or diameter is measured. 



Example: Outside Diameter of object 



Inside Measuring Faces 

These are the faces between which inside 
diameter or space width (i.e., slot width) is 
measured. 



Example: Inside measuring 



Step Measuring Faces 

These are the faces between which stepped 
parallel surface distance can be measured. 



Example: Step 
Distance 



Depth Measuring Faces 

These are the faces between which the depth 
of a hole can be measured. 



Note:   Work piece is shown in section. Dial Caliper shortened for graphic purposes. 

Example: Depth Measuring 



Nomenclature 

Dial Calipers 



A standard inch dial caliper 
will measure slightly more 
than 6 inches. 



The blade scale shows each inch divided into 
10 increments. Each increment equals one 
hundred thousandths (0.100�). 



Blade 

The blade is the immovable portion of the dial 
caliper. 

The slider moves along the blade and is used to 
adjust the distance between the measuring 
surfaces. 

Slider 



Pointer 

The pointer rotates within the 
dial as the slider moves back-
and-forth along the blade. 



Reference Edge 

The reference edge keeps 
track of the larger increments 
(i.e. 0.100�) as the slider 
moves along the rack. 



Rack 

The gear-toothed rack is used 
to change linear motion (slider) 
to rotary motion (pointer). 



Reading the Inch Dial Caliper 

Dial Calipers 



The dial is divided 100 times, with each graduation 
equaling one thousandth of an inch (0.001�). 



Every time the pointer completes one rotation, the 
reference edge on the slider will have moved the 
distance of one blade scale increment (0.100�). 



To determine the outside diameter of this pipe section, 
the user must first identify how many inches are being 
shown on the blade scale. 



The reference edge is located between the 1 and 2 inch marks. 
So, the user makes a mental note…1 inch. 

1.000� 
0.400� 

The user then identifies how many 0.1� increment marks are 
showing to the right of the last inch mark.  
In this case, there are 4…or 0.400�. 



Next, the user looks at the pointer on the dial to see 
how many thousandths it is pointing to.  

In this case, it is pointing to 37…or 0.037�. 

1.000� 
0.400� 
0.037� 

The user then adds the three 
values together… 

+ 
1.437� 



How wide is the block? 

1.000
� 0.400
� 0.002
� 

+ 
1.402� 



Practice Time 



Name _______________________                               Date ________ 
 

http://www.wisc-online.com/objects/ViewObject.aspx?ID=MSR4303  
 

 
 
 
 
 

 
 
 
 
 

 
 



 
 
 

   
 

 
           1.                                                                          2. 

 

   
 
 

                   3.                                                                      4. 
 

  
 

 



            5.                                                                               6. 
 

  
 
 

          7.                                                                                  8.  
 

  
 
 
9.  List out objects given to you by your teacher and record the dimensions asked to measure: 

Object Dimensions to measure (length, 
width, height thickness) 

Dial Caliper Value 

 
 
 

  

 
 
 

  

 
 
 

  

 
 
 

  

 
 
 

  



 



Simple'Machines'and'Gears'
!
Curricular'Goals:'
The!students!will!be!able!to:!

• Measure!forces!and!distances!related!to!mechanisms.!
• !Distinguish!between!the!six!simple!machines,!their!attributes,!and!components.!
• Calculate!mechanical!advantage!and!drive!ratios!of!mechanisms.!
• Design,!create,!and!test!gear,!pulley,!and!sprocket!systems.!
• Calculate!work!and!power!in!mechanical!systems.!
• Determine!efficiency!in!a!mechanical!system.!
• Design,!create,!test,!and!evaluate!a!compound!machine!design.!
• Understand!the!difference!between!moment!and!torque!

'
Learning'Standards:'
Standards'for'Technological'Literacy'

• Standard'2:!Students!will!develop!an!understanding!of!the!core!concepts!of!technology.!
• Standard'3:!Students!will!develop!an!understanding!of!the!relationships!among!technologies!and!

the!connections!between!technology!and!other!fields!of!study.!
• Standard'7:!Students!will!develop!an!understanding!of!the!influence!of!technology!on!history.!
• Standard'8:!Students!will!develop!an!understanding!of!the!attributes!of!design.!
• Standard'11:!Students!will!develop!abilities!to!apply!the!design!process.!
• Standard'12:!Students!will!develop!the!abilities!to!use!and!maintain!technological!products!and!systems.!!

o Use!computers!and!calculators!to!access,!retrieve,!organize,!process,!maintain,!interpret,!
and!evaluate!data!and!information!in!order!to!communicate.!

• Standard'16:!Students!will!develop!an!understanding!of!and!be!able!to!select!and!use!energy!and!power!
technologies.!!

• Standard'17:!Students!will!develop!an!understanding!of!and!be!able!to!select!and!use!information!and!
communication!technologies.!

• Standard'B:!Science!as!an!Inquiry!E!As!a!result!of!activities!in!grades!9E12,!all!students!should!
develop!an!understanding!of—!

o Motions!and!forces!
o Conservation!of!energy!and!the!increase!in!disorder!

• Science'and'Technology'Standard'E:!As!a!result!of!activities!in!grades!9E12,!all!students!should!
develop—!

o !Abilities!of!technological!design!
o !Understanding!about!science!and!technology!

Standards'for'English'Language'Arts'
• Standard'4:!Students!adjust!their!use!of!spoken,!written,!and!visual!language!(e.g.!conventions,!

style,!vocabulary)!to!communicate!effectively!with!a!variety!of!audiences!and!for!different!
purposes.!

• Standard'5:!Students!employ!a!wide!range!of!strategies!as!they!write!and!use!different!writing!
process!elopements!appropriately!to!communicate!
!

Common'Core'Standards:'
o CSS.ELAELiteracy.RST.11E12.1!
o CSS.ELAELiteracy.RST.11E12.7!

!
Misconceptions:!

o Students!have!trouble!comprehending!no!mechanical!advantage!is!value!of!1.!
o Students!commonly!mix!up!circumference!and!area!formulae!



Daily'Lesson'Overviews:'
!
A!full!lesson!plan!is!provided!for!Day!15!
!
Day!1:!

• Aim:!What!are!the!6!simple!machines?!
• Materials:!PowerPoint!entitled!“1ESimple!Machines!intro”,!the!handout!entitled!“Note!Packet”!(if!

you!choose!to!use!it)!and!the!handout!entitled!“1EIdentify!Simple!Machines”.!
• Motivation:!!Relation!of!6!simple!machines!to!everyday!tools.!
• Procedure:!

o Go!through!the!PowerPoint!with!the!students!highlighting!the!differences!of!the!6!simple!
machines.!!

o Allow!students!to!make!connections!and!inferences!about!how!their!everyday!tools!relate!
to!the!simple!machines.!

o When!going!through!the!classes!of!levers!allow!the!students!to!quiz!themselves.!They!
should!make!predictions!on!what!class!they!think!it!is.!!

o Call!on!various!students!to!give!their!answers.!When!you!click!on!the!appropriate!box!
sounds!will!play!of!breaking!glass!or!alarms.!The!sound!of!applause!means!that!your!
answer!is!correct.!!

• Homework'tonight:!!
o Students!should!fill!in!the!worksheet!entitled!“1EIdentify!Simple!Machines”!for!homework!

to!go!over!tomorrow.!
!
Day!2:!
!

• Aim:!What!is!Mechanical!Advantage?!
• Materials:!PowerPoint!entitled!“2EMA!and!Efficiency”,!handout!entitled!“Note!packet”!(if!you!

choose!to!use!it)!and!handout!entitled!“Common!Core!article”!
• Motivation:!Relation!of!mechanical!advantage!to!everyday!tools!
• Procedure:!

o Check!and!go!over!the!homework!sheet!from!the!previous!night.!
o Go!through!the!PowerPoint!with!the!students!highlighting!what!having!mechanical!

advantage!means,!having!no!mechanical!advantage!means!and!having!a!mechanical!
advantage!less!than!1.!

o Allow!students!to!work!out!the!last!few!practice!problems!on!their!own!to!assess!their!
knowledge.!

• Homework'tonight:'
o Students!should!read!and!answer!the!questions!following!the!article!entitled!“Common!

Core!article”.!This!article!highlights!high!school!student!achievement!in!engineering!
research!ideas.!I!will!be!sharing!this!article!with!the!students!through!either!edmodo!or!
google!docs.!Students!should!submit!their!responses!through!google!docs!where!I!can!
grade!and!write!annotations!on!what!students!should!fix!or!elaborate!on.!

!
Day!3!&!4:!
!

• Aim:!Incline!Plane,!Wedge!and!Wheel!and!Axle!
• Materials:!PowerPoint!entitled!“3!–!Incline!Plane,!Wedge!Wheel!and!Axle”,!handout!entitled!“Note!

packet”!(if!you!choose!to!use!it).!Wheel!and!axle!with!moveable!load!onto!the!axle!or!the!wheel!for!
visual!aid.!



• Motivation:!Relation!of!mechanical!advantage!of!the!incline,!wedge!and!wheel!and!axle!to!
everyday!problems.!

• Procedure:!
o Go!through!the!PowerPoint!allowing!students!to!complete!practice!problems!on!their!own!

for!assessment.!
• Homework'tonight:'

o Set!a!date!for!a!quiz!and!inform!the!students!to!study!their!note!packets!for!a!quiz!on!
everything!from!identifying!simple!machines!and!classes!of!levers,!mechanical!advantage!
and!efficiency,!and!solving!IMA!for!the!inclined!plane,!wedge!and!wheel!and!axle.!(I!would!
give!2!days!for!students!to!ask!questions)!

!
Day!5:!

• Aim:!Introduction!to!the!Mouse!Trap!Vehicle!Project!
• Materials:!computer!access!for!all!students!for!research,!engineering!notebooks,!mousetraps,!

various!materials!such!as!tires,!axles,!rubber!bands,!wood,!hot!glue,!fischertechnik!supplies!(other!
materials!can!be!provided!by!the!students),!Handout!entitled!“Mousetrap!Vehicle!Project”!

• Motivation:!This!is!a!handsEon!activity!for!students!to!learn!how!to!create!a!self!propelled!vehicle!
that!utilizes!their!knowledge!of!circumference!to!determine!how!far!a!vehicle!will!travel.!

• Procedure:!
o Handout!the!“Mousetrap!Vehicle!Project”!outline!and!go!through!with!the!students.!!
o Highlight!major!project!details!that!the!teacher!will!be!looking!for!such!as!appropriate!

annotations!in!the!engineer’s!notebook!including!calculations.!
o Students!should!title!each!section!of!the!design!process!in!their!notebooks!to!ensure!that!

they!do!not!skip!any!steps!or!make!it!difficult!to!grade.!
o Allow!students!to!begin!researching!mousetrap!vehicle!ideas!and!begin!writing!down!their!

ideas!in!their!notebooks!
• Homework'tonight''

o Continue!studying!for!the!quiz!tomorrow.!Remind!students!they!should!bring!in!their!
calculators.!

!
Day!6:!

• Aim:'Quiz!
• Materials:'Simple!Machines!Quiz!1,!Calculators!(students!should!have!their!own),!Reference!

Tables.!
• Motivation:!this!is!a!graded!assessment!of!their!knowledge!of!simple!machines.!
• Procedure:!

o Students!should!be!spaced!out!and!equipped!with!reference!tables!and!calculators!
o Walk!around!the!room!to!ensure!that!all!students!are!focused!and!on!task.!
o Ensure!that!all!students!realize!they!will!lose!points!if!they!do!not!show!their!equation!and!

substitution!with!units!and!final!answer!with!correct!units.!
!!
Day!7E11!

• Aim:'Mouse!Trap!Vehicle!Project!
• Materials:!engineering!notebooks,!mousetraps,!various!materials!such!as!tires,!axles,!rubber!

bands,!wood,!hot!glue,!fischertechnik!supplies!(other!materials!can!be!provided!by!the!students),!
Handout!entitled!“Mousetrap!Vehicle!Project”!

• Motivation:'This!is!a!handsEon!activity!for!students!to!learn!how!to!create!a!selfEpropelled!vehicle!
that!utilizes!their!knowledge!of!circumference!to!determine!how!far!a!vehicle!will!travel.!

• Procedure:!!



o After!students!have!done!their!research!on!how!to!get!a!mousetrap!vehicle!to!move!on!its!
own!(after!one!initial!input!force),!groups!should!be!created!and!students!should!begin!
discussing!a!final!design.!

o Once!a!sketch!is!drawn!up!with!annotations!on!how!they!will!get!their!vehicle!to!move!a!
specified!amount!of!rotations!(teacher!should!assign!each!group!a!different!amount!of!
rotations)!then!the!groups!will!share!their!idea!with!the!teacher!and!they!will!get!the!“ok”!
to!begin!building.!

o Walk!around!the!room!and!ensure!that!all!groups!are!staying!on!task!and!are!appropriately!
addressing!the!problem.!

o When!students!are!up!to!gathering!data,!ensure!that!they!read!over!the!Data!Analysis!
section!before!they!begin.!!All!work!should!be!shown!in!engineering!notebook!for!data!
analysis.!
!

Day!12E13!
• Aim:'Pulley,!Screw!and!Lever!
• Materials:'PowerPoint!entitled!“Pulley,!Screw!and!Lever”,!handout!entitled!“Note!Packet”!(if!you!

choose!to!use!it).!Visuals!for!the!students!such!as!the!Human!Block!and!Tackle!system,!2x4!on!a!
pivot!for!lever!demonstration!and!screwdriver!and!wrench!for!visual!aids.!

• Motivation:!Relation!of!mechanical!advantage!of!the!incline,!wedge!and!wheel!and!axle!to!
everyday!problems.!Use!of!Human!block!and!tackle!as!well!as!2x4!for!lever!demonstrations.!

• Procedure:!!
o Go!through!the!PowerPoint!on!the!Pulley,!Screw!and!Lever.!
o Allow!students!to!do!practice!problems!on!their!own!in!order!to!adequately!assess!their!

understanding.!
!
Day!14!

• Aim:'Torque,!Moment!and!Compound!Machines!
• Materials:'PowerPoint!entitled!“Torque,!Moment!and!Compound!Machines”,!handout!entitled!

“Note!Packet”!(if!you!choose!to!use!it).!
• Motivation:!Relation!of!mechanical!advantage!of!the!compound!machines!to!everyday!problems.!
• Procedure:!!

o Go!through!the!PowerPoint!on!the!Torque,!Moment!and!Compound!Machines.!
o Allow!students!to!do!practice!problems!on!their!own!in!order!to!adequately!assess!their!

understanding.!
• Homework'tonight:!Study!for!your!assessment!on!the!pulley,!srew,!lever,!moment,!torque!and!

compound!machines.!
!
Day!15!

• Aim:'Simple!Machines!Investigation!
• Materials:'See!saw,!pulley!systems,!incline!plane,!wheel!and!axle,!assorted!weights,!spring!

balances,!scales,!screw!
o Engineering!notebooks.!
o Handout!entitled!“Simple!Machines!Investigation”!or!pdf!posted!to!edmodo!or!website!
o Dial!calipers!(one!for!each!group)!

• Motivation:!This!is!a!handsEon!activity!for!students!to!learn!how!to!create!a!selfEpropelled!vehicle!
that!utilizes!their!knowledge!of!circumference!to!determine!how!far!a!vehicle!will!travel.!

• Procedure:!!
o Go!through!the!instructions!for!the!activity!



o Students!should!be!working!in!groups!and!moving!around!stations!while!recording!in!their!
engineers!notebook.!This!worksheet!can!be!uploaded!to!the!internet!and!followed!on!their!
phones.!

o Stations!may!be!prebuilt!or!assembled!by!the!students.!
• Homework'tonight:!Study!for!your!assessment!on!the!pulley,!screw,!lever,!moment,!torque!and!

compound!machines.!
!
Day!16:!

• Aim:'Quiz!
• Materials:'Simple!Machines!Quiz!2,!Calculators!(students!should!have!their!own),!Reference!

Tables.!
• Motivation:!this!is!a!graded!assessment!of!their!knowledge!of!simple!machines.!
• Procedure:!

o Students!should!be!spaced!out!and!equipped!with!reference!tables!and!calculators!
o Walk!around!the!room!to!ensure!that!all!students!are!focused!and!on!task.!
o Ensure!that!all!students!realize!they!will!lose!points!if!they!do!not!show!their!equation!and!

substitution!with!units!and!final!answer!with!correct!units.!
!
!
Day!17E20!

• Aim:'Simple!Machines!Investigation!
• Materials:!See!saw,!pulley!systems,!incline!plane,!wheel!and!axle,!assorted!weights,!spring!

balances,!scales,!screw!
o Engineering!notebooks.!
o Handout!entitled!“Simple!Machines!Investigation”!or!pdf!posted!to!edmodo!or!website!
o Dial!calipers!(one!for!each!group)!

• Motivation:!This!is!a!handsEon!activity!for!students!to!learn!how!to!create!a!selfEpropelled!vehicle!
that!utilizes!their!knowledge!of!circumference!to!determine!how!far!a!vehicle!will!travel.!

• Procedure:!!
o Allow!students!to!continue!working!on!their!investigation,!gathering!data!and!experiencing!

mechanical!advantage.!
o All!students!should!be!working!in!their!engineer’s!notebooks,!drawing!sketches!and!writing!

out!their!equations!and!substitutions!with!units.!
o Assist!students!with!building!and!gathering!data!for!the!lever!to!ensure!that!they!are!

spotting!on!the!seesaw!and!taking!the!correct!measurements.!
Day!21!

• Aim:'Prepare!for!assessment!
• Materials:'Graded!quizzes!and!student!notepackets.!
• Motivation:!students!will!get!the!opportunity!to!go!over!their!quizzes!and!ask!questions!before!

the!next!assessment.!
• Procedure:!

o Allow!students!to!ask!questions!on!the!quizzes!after!they’ve!looked!over!their!grades.!
o Allow!students!to!ask!questions!on!the!notepackets!or!to!go!over!other!problems.!

• Homework:!
o Study!for!assessment!

Day!22E23!
• Aim:'Gears,!Pulley!drives!and!sprockets!
• Materials:!PowerPoint!entitled!“Gears,!Pulley!drives!and!sprockets”,!student!Note!Packets!(If!you!

choose!to!use!them)!
• Motivation:!relation!of!real!world!problems!that!have!advantage!through!the!use!of!gears.!



• Procedure:!
o Go!through!the!PowerPoint!on!Gears,!Pulley!drives!and!sprockets.!
o Stop!on!all!practice!slides!to!allow!students!to!answer!on!their!own.!
o The!final!slides!are!of!a!compound!machine!that!includes!gears.!It!should!be!stressed!that!

the!total!Mechanical!Advantage!does!not!include!the!Gear!Ratio;!that!is!separate.!
!
Day!24!

o Aim:'Gears!Practice!
o Materials:!Handout!entitled!“Gears!Practice”,!calculators!for!students!(they!should!bring!in!their!

own).!
o Motivation:!this!is!a!graded!practice!assignment!that!can!be!done!as!groups!
o Procedure:!

o Handout!the!Gears!practice!sheet!and!allow!students!to!work!in!groups!to!answer!the!
questions.!

o Inform!students!that!the!assignment!will!be!checked.!All!students!must!show!their!work!in!
order!to!receive!credit.!

o Inform!students!that!they!MUST!check!their!answers!with!their!groups!before!informing!
me!that!they!are!done.!!

o When!a!group!is!done!the!teacher!can!check!the!work!of!one!of!the!students!to!assess!
correct!answers!and!work.!Teacher!should!look!at!other!group!member’s!work!to!see!that!
the!work!is!written!out!for!credit.!

o Only!assign!credit!when!all!of!the!answers!are!correct.!
o Homework:!study!for!assessment!on!gears!and!compound!machines!that!include!any!of!the!6!

simple!machines!plus!gears.!Questions!may!be!asked!from!the!beginning!of!simple!machines!
!
Day!25E26!

o Aim:'Review!for!test!
o Materials:!Handout!entitled!“Gear!and!Compound!Review”!
o Motivation:!this!is!a!graded!assignment!that!will!review!the!entire!unit!for!the!final!assessment!

that!can!be!done!as!groups.!
o Procedure:!

o Handout!the!Gears!and!Compound!Machines!review!sheet!and!allow!students!to!work!in!
groups!to!answer!the!questions.!

o Inform!students!that!the!assignment!will!be!checked.!All!students!must!show!their!work!in!
order!to!receive!credit.!

o Inform!students!that!they!MUST!check!their!answers!with!their!groups!before!informing!
me!that!they!are!done.!!

o When!a!group!is!done!the!teacher!can!check!the!work!of!one!of!the!students!to!assess!
correct!answers!and!work.!Teacher!should!look!at!other!group!member’s!work!to!see!that!
the!work!is!written!out!for!credit.!

o Only!assign!credit!when!all!of!the!answers!are!correct.!
o Homework:!study!for!assessment!on!gears!and!compound!machines!that!include!any!of!the!6!

simple!machines!plus!gears.!Questions!may!be!asked!from!the!beginning!of!simple!machines!
!
Day!27:!

• Aim:'Assessment!on!all!Simple!Machines!and!Gears!
• Materials:'Gears!and!Compound!Machines!Assessment,!Calculators!(students!should!have!their!

own),!Reference!Tables.!
• Motivation:!this!is!a!graded!assessment!of!their!knowledge!of!simple!machines.!
• Procedure:!



o Students!should!be!spaced!out!and!equipped!with!reference!tables!and!calculators!
o Walk!around!the!room!to!ensure!that!all!students!are!focused!and!on!task.!
o Ensure!that!all!students!realize!they!will!lose!points!if!they!do!not!show!their!equation!and!

substitution!with!units!and!final!answer!with!correct!units.!
!
Day!28E32!

o Aim:'Rube!Goldberg!Project!
o Materials:!handout!entitled!“Compound!Machine!Design”,!computer!access!(one!per!student),!

engineer’s!notebook!
o Motivation:!this!is!a!handsEon!project!in!which!the!students!can!use!their!knowledge!of!simple!

machines!and!gears!to!build!and!create!a!task!producing!machine.!
o Proceduer:!

o Hand!out!the!“Compound!Machine!Design”!worksheet!and!go!through!with!the!students!the!
procedure!and!process.!Also!highlight!what!must!be!done!to!score!a!perfect!grade!(shown!
in!the!rubric)!

o Allow!students!to!research!on!the!computer!and!come!up!with!3!ideas!that!must!be!logged!
into!their!notebooks.!

o After!every!student!has!logged!ideas!into!their!notebook,!the!teacher!may!now!assign!
groups!at!random!

o One!design!or!combination!of!designs!must!be!chosen!and!sketched!out.!
o In!order!to!begin!building!each!group!must!have!steps!1E3!already!done!in!their!notebooks.!

They!will!then!be!given!the!project!board!and!permission!to!begin!building.!
o Students!should!follow!the!steps!outlined!in!the!writeEup.!
o When!students!get!to!their!calculations!at!the!end,!walk!around!the!room!to!ensure!that!all!

students!know!what!data!to!get!and!how!to!get!it.!
o Ensure!that!all!students!are!writing!out!thorough!calculations!in!their!engineering!

notebooks!and!highlighting!all!steps!of!the!design!process.!
o Every!group!should!take!a!picture!of!their!project!and!print!it!out!to!staple!into!their!

engineer’s!notebook.!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



!
!
Day'15'Lesson'Plan'
!
Unit:!Simple!Machines!and!Gears!
!
Lesson:!Simple!Machines!Investigation!
!
Goals:!

• Allow!students!to!use!a!hands!on!activity!to!investigate!simple!machines!
• Students!will!practice!solving!for!IMA,!AMA!and!efficiency.!
• Students!will!learn!to!work!in!groups!and!come!up!with!efficient!ways!to!design!some!of!the!

simple!machines.!
!
Learning'Standards:'

• Standard!12:!Students!will!develop!the!abilities!to!use!and!maintain!technological!products!and!
systems.!

o Use!computers!and!calculators!to!access,!retrieve,!organize,!process,!maintain,!interpret,!
and!evaluate!data!and!information!in!order!to!communicate.!

• Standard!17:!Students!will!develop!an!understanding!of!and!be!able!to!select!and!use!information!
and!communication!technologies.!

• Science!and!Technology!Standard!E:!As!a!result!of!activities!in!grades!9E12,!all!students!should!
develop—!

! !Abilities!of!technological!design!
! !!Understanding!about!science!and!technology!

'
!
Common'Core'Standards:'

o CSS.ELAELiteracy.RST.11E12.7'
!
Essential'Questions:'

• What!are!SIMPLE!MACHINES?!
• How!do!simple!machines!make!your!job!easier?!
• What!is!the!difference!between!ideal!mechanical!advantage!and!actual?!

!
Misunderstandings:!

• Students!get!confused!using!Newtons!as!a!force!and!they!have!trouble!visualizing!the!hand!crank!
as!a!wheel!and!axle!(when!it’s!in!rotation).!

!
Vocabulary:!
Spring!balance,!Newton,!block!and!tackle,!fixed!and!moveable!pulley,!lever,!wheel!and!axle,!screw,!
inclined!plane!
!
Aim:!
Simple!Machines!Investigation!
!
Materials:!

• See!saw,!pulley!systems,!incline!plane,!wheel!and!axle,!assorted!weights,!spring!balances,!scales,!
screw!

• Engineering!notebooks.!



• Handout!entitled!“Simple!Machines!Investigation”!or!pdf!posted!to!edmodo!or!website!
• Dial!calipers!(one!for!each!group)!

!
Procedure:!

• Have!equipment!out!on!different!tables!throughout!the!room.!These!simple!machines!may!be!built!
by!the!students!or!prepared!by!you.!I!will!be!using!a!seesaw!created!from!2x4’s!and!a!fulcrum.!The!
students!can!use!a!spotter!and!try!to!lift!their!partners!on!the!lever.!The!data!will!be!retrieved!
from!a!scale!that!records!in!pounds.!The!pulley!systems!will!already!be!set!up!(fixed,!moveable!
and!block!and!tackle).!!!

• Give!the!students!the!handout!entitled!“Simple!Machines!Investigation”!
• Show!the!students!how!the!spring!balance!works.!Explain!that!when!using!the!spring!balance,!you!

will!be!recording!in!Newtons!as!your!force.!When!working!on!the!lever!you!will!be!using!the!scale!
and!recording!your!data!in!pounds.!

• REINFORCE!WHEN!YOU!ARE!ON!THE!SEESAW,!YOU!MUST!HAVE!A!SPOTTER!!
• Go!over!instructions.!Each!group!will!be!going!around!the!room!gathering!the!“data”!portion!of!

each!section.!They!will!then!go!back!to!their!seats!to!complete!the!rest!of!the!work!and!answer!the!
questions.!

• Depending!on!the!size!of!the!class!you!may!want!to!have!a!practice!sheet!that!the!students!should!
be!working!on!if!they!are!waiting!for!a!machine!to!gather!data!from.!

• Walk!around!the!room!to!ensure!that!all!students!are!cooperating!and!on!task.!Assist!those!
working!on!the!machines!with!gathering!their!data.!

Assessments:!
F:!teacher!will!ask!questions!and!listen!to!responses!during!instruction!
F:!teacher!will!walk!around!the!room!to!check!student!progress!
S:!students!will!have!a!summative!assessment!on!moment,!torque,!compound!machines,!pulley,!screw,!
lever.!
!
!
!



Name%_________________________%
Simple'Machines'Introduction'

Inclined'Plane:'

%
• _________________________________________________________________________________________________________________%

%
_________________________________________________________________________________________________________________%

• Able%to%lift%objects%by%pushing%or%pulling%the%load%
%
Wedge:%
%

• _________________________________________________________________________________________________________________%
• Tapers%to%a%thin%edge%and%is%used%for%splitting,%raising%heavy%bodies,%or%for%tightening%by%being%

driven%into%something%%
%
Wheel'and'Axle:'

'

A%wheel%is%a%lever%arm%that%is%fixed%to%a%shaft,%which%is%called%an%axle.%%
The%wheel%and%axle%move%together%as%a%simple%lever%to%lift%or%to%move%an%item%by%rolling.%
%
_________________________________________________________________________________________________________________%
%
_________________________________________________________________________________________________________________%
%
Pulley:%

• A%pulley%is%a%lever%consisting%of%a%wheel%with%a%groove%in%its%rim%which%is%used%to%change%the%
direction%and%magnitude%of%a%force%exerted%by%a%rope%or%cable.%%%

Screw:%
• _________________________________________________________________________________________________________________%

%
Lever:%
%

• _________________________________________________________________________________________________________________%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
% %
%
%

MA#
Effort 

Resistance 

Resistance 

Effort 
Resistance 

Effort 



%
%
%
%
%

%
%

Object' Class'1,'2'or'3'

lever'

Object' Class'1,'2'or'3'

lever'

%

%

%

%

%

%
%

%

%

%

%

%
%

%

%

%

%

%
%
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%
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%
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%
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%

%

%
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%



Mechanical'Advantage'and'Efficiency'

%
• _________________________________________________________________________________________________________________%

%
_________________________________________________________________________________________________________________%
%

• %The%ratio%of%the%force%that%performs%the%useful%work%of%a%machine%to%the%force%that%is%applied%to%the%
machine%

%
% %

%
%
%
%
%
%
%

%
%
% %
%
%
%
%
%
%
% %
%
%
%
%
%
%
%
%
%

%
%
%
%
%
%
%
%

%
%
%
%
%
%
% %

The%ramp%and%pulley%provides%%
%
_______________________________________%

 
 

 

_________________________________________ 
How$much$effort$is$put$into$the$task.$ 

Measured(in(pounds((lb) 

AMA#(Actual#Mechanical#Advantage) 
What%real%world%advantage%do%you%

have%in%this%particular%task.%
!___________________________________________%

%
____________________________________________%

 

AMA=%



Ideal'Mechanical'Advantage'

%
• _________________________________________________________________________________________________________________%

%
_________________________________________________________________________________________________________________%

%
Efficiency'Formula:'

%
%
%
%
%
%
%
%
Practice:%
The%load%below%weighs%300%lbs.%The%man%pulling%the%rope%is%exerting%175%lbs%of%force%to%lift%the%load%
vertically.%If%the%IMA%is%2,%determine%the%efficiency%of%the%pulley.%
%
%
%
%
%
%
%
%
%
%
%

1. The%following%lever%is%used%to%hoist%a%50%lb%object.%%If%the%effort%is%35%lbs%and%the%IMA%is%2.5,%
determine%the%efficiency%of%the%lever.%

%
%
%
%
%
%
%
%
%
2.%%The%following%shopping%cart%weighs%30%%lb%when%filled%with%groceries.%%The%effort%needed%to%push%it%up%
the%ramp%is%12%lb.%%If%the%IMA%is%3,%determine%the%efficiency%of%the%ramp.%
%
%
%
%
%
%
%
% %
%



%
Inclined'Plane,'Wedge,'Wheel'and'Axle'

%
%
%
%
%
%
%
%

%
Practice:%
If%the%height%from%the%ground%to%the%top%of%the%stairs%is%12%feet%high%and%the%slope%length%of%the%section%
where%the%stairs%is%is%15%feet%and%the%total%slope%length%of%the%wheelchair%ramp%is%90%feet,%determine%the%
IMA%of%the%wheelchair%ramp%as%well%as%the%stairs%if%there%were%a%ramp%built%on%top.%
%
%
%
%
%
%
%
%
%
%
%
%
A%man%in%a%wheelchair%has%a%combined%weight%of%210%lbs.%If%he%exerts%a%force%of%32%lb%to%wheel%himself%up%
the%wheelchair%ramp,%determine%the%efficiency%of%the%wheelchair%ramp.%
%
%
%
%
%
Pythagorean'Theorem:'

For%the%following%incline%if%the%height%is%5%feet%and%the%base%is%15%feet,%determine%the%slope%length%of%the%
incline.%
%
%
%
%
%
%
%
%
% %

%
%
%
%
%

Inclined'Plane'IMA'=''

%

Wedge'IMA'=''

%



Practice:''

Determine'the'IMA'of'each'wedge:'

A%wedge%is%used%to%split%a%piece%of%wood.%The%first%wedge%shown%on%the%left%is%2.5%cm%wide%and%10%cm%long%
(the%height%shown%in%this%picture).%%The%wedge%to%the%right%is%the%same%length%(height)%but%it%is%7.5%cm%
thick.%%%%
%
%
%
%
%
%
%
%
%
%
A%hiker%uses%the%thinner%wedge%to%split%a%piece%of%wood.%He%exerts%a%force%of%80%lb%to%the%top%of%the%wedge%
to%split%the%wood.%Knowing%that%this%particular%material%needs%a%minimum%force%of%300lb%to%split,%
determine%the%efficiency%of%the%wedge.%
%
%
%
%
%
%
%
%

%
%
For'the'wheel'driving'the'axle:' ' ' ' ' ' For'the'axle'driving'the'wheel:'

%
%
%
%
%
%
%
%
%
%

%
%
%
%
%

%
%
Wheel'and'Axle'IMA'=''

% %



Practice:%
A%motor%is%connected%to%the%gear%to%turn%the%axle%and%rotate%the%tires.%%If%the%axle%has%a%diameter%of%0.5%
inches%and%the%tires%have%a%diameter%of%4%inches,%determine%the%IMA.%
%
%
%
%
%
%
To%turn%on%a%water%valve%a%handle%is%placed%on%the%axle%to%make%it%easier%to%turn%the%shaft.%%The%handle%has%
a%radius%of%2.5%inches%and%the%axle%has%a%diameter%of%1%inch.%If%it%takes%5%lb%of%effort%to%overcome%20%lb%of%
resistance%in%the%axle,%determine%the%efficiency%of%this%handle.%
%
%
%
%
%

%

%
%
Practice:%
A%man%was%lifting%a%tire%as%shown%as%part%of%his%workout.%The%diameter%of%the%tire%is%6%feet.%%When%he%
flipped%it%over%the%side%of%the%tire%laid%flat%on%the%ground.%%

• How%much%surface%area%was%covered%by%the%tire%laying%flat?%
When%he%was%tired%he%rolled%the%tire%down%the%street.%%

• How%far%did%the%tire%travel%with%one%rotation?%
• %5%rotations?%

%
%
%
%
%
%
%
%
%
% %
%
%

Circumference%Formula:%

Area%Formula:%



Pulley:%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
% ________________________________%%%%__________________________________%%%________________________________%
%
Directional'Advantage:'

You%can%determine%if%a%pulley%has%directional%advantage%by%noting%the%direction%the%object%moves%in%
relation%to%the%effort.%If%the%effort%and%the%object%move%in%the%same%direction%then%there%is%no%directional%
advantage.%If%the%effort%and%the%object%move%in%opposing%directions%then%there%is%directional%advantage.%
%
Which%has%directional%advantage%and%how%do%you%know?%
%
%
%
%
%
%
%
%
%
%
If%a%single%rope%or%cable%is%threaded%multiple%times%
through%a%system%of%pulleys,%

%
%

Practice:%Determine%the%IMA%of%each.%
%
% %
%
%
%
%

Pulley%IMA%=%%

If%the%pulley%has%directional%advantage%
then%___________________________________________%
%
_________________________________________________%
%



Practice:%
%
Determine%AMA%and%Efficiency%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
Screw:%
An%inclined%plane%wrapped%around%a%cylinder,%forming%the%path%and%pitch%
A%wheel%and%axle%used%to%create%rotary%motion%
Properties'

% Change%rotary%motion%into%linear%motion%
% Used%as%a%threaded%fastener%
% _________________________________________%
%
% ____________________________________________________________%
%
%
% %
%
%
%
%
%
%
%
%
%
%
%

%
%
%
%
%
%

%
What%is%the%IMA%of%the%screw%above%if%effort%is%applied%by%an%8.0in.%long%wrench?%

230%lb 

%

800%lb%

How%far%will%a%screw%with%13%threads%per%inch%
move%linearly%if%turned%one%full%rotation?%
%



The%following%%1/5%25%NC%screw%is%being%installed%with%the%screwdriver%as%shown.%The%screwdriver%is%8%
inches%long%and%has%a%handle%diameter%of%1.5%inches.%While%visualizing%how%the%effort%is%being%applied,%
determine%the%IMA%using%the%appropriate%circumference%data.%%
%
%
%
%
%
%
%
The%following%%1/5%25%NC%nut%is%being%installed%with%the%wrench%as%shown.%The%wrench%is%8%inches%long.%
While%visualizing%how%the%effort%is%being%applied,%determine%the%IMA%using%the%appropriate%circumference%
data.%%
%
%
%
%
%
%
%
%
%
%
If%it%actually%took%5%lb%of%effort%force%to%overcome%3500lb%of%resistance,%determine%the%efficiency%of%the%
wrench.%
%
%
%
%
%
%

% Label%the%lever%below:%
% %
%
%
%
%
%
%
%

%
%
%
%
%
%
%
%
%
%
%

Lever%IMA= 



%
%
%
%
%
%
%
%
%
%
%
%
%

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
Conclusion:%

• Which%class%lever%is%the%only%lever%that%can%have%a%Mechanical%Advantage%greater%or%less%than%1?%
%

• Which%class%lever%is%the%only%lever%that%can%have%a%Mechanical%Advantage%greater%than%1?%
%

%
• Which%class%lever%is%the%only%lever%that%can%have%a%Mechanical%Advantage%less%than%1?%

%
Determine'the'Efficiency:'

%
%
%
%
%
% %
%
%
%
%



Torque:%
Torque%is%a%measure%of%…%
%
%
%

%
%
%
%
%
%
%
%

%
For%the%following%wrench%shown%below,%which%hand%has%more%torque?%%
If%the%nut%requires%20ftlb%of%torque%to%rotate,%how%much%force%must%be%provided%in%each%hand%position%A%
and%B?%
%
%
%
%
%
%
Moment:%
The%Moment%of%a%force%is%a%measure%of%its%___________________________________________________________________%
about%a%specific%point%or%axis.%The%body%is%not%in%actual%rotation%as%it%is%concerning%torque.%Therefore,%it%is%
the%______________________________________%but%the%vocabulary%is%used%in%different%context.%

%
%
%
%
%
%
%
%

The%following%lever%is%in%static%equilibrium%(balanced/not%in%motion).%%The%weight%on%the%right%weighs%20N%
and%is%1.3m%away%from%the%pivot%point.%If%the%smaller%weight%is%2m%away%from%the%pivot,%determine%how%
many%Newtons%the%smaller%weight%is.%%
%
%
%
%
%
%
%
%
% %
%
%
%
%

Torque'= 

Moment%formula:%



Compound'Machines:'

When%more%than%one%simple%machine%is%used%to%perform%a%task%you%can%obtain%the%overall%Ideal%
Mechanical%Advantage%by%multiplying%the%individual%mechanical%advantages.%
%

%
%
%
%
%
%
%
%

Practice:%
Notice%the%pulley%system%is%made%of%3%SEPARATE%strands%rather%than%one%continuous%strand.%In%this%case%
there%are%essentially%3%separate%pulleys.%Determine%the%IMA%
%
%
%
%
%
%
%
%
%
Determine%how%much%effort%force%must%be%used%to%lift%an%80%lb%weight.%
%
%
%
%
%
%
%
%
Determine%the%total%IMA:%
%
%
%
%
%
%
%
%
%
%
%
%

%
%
%
%
%

IMA%total%=%



Gears,'Pulley'Drives,'and'Sprockets'

%
Mechanisms%used%to%transfer%energy%through%rotary%motion.%%

• .%
%
• .%

%
• .%

%
• .%

%
%
A%gear%train%is%a%mechanism%used%for%transmitting%rotary%motion%and%torque%through%interlocking%teeth.%%
%

• .%
%
• .%

%
• .%

%
%
%
%
Mating'Gears:% %
%
%
%
%
%
%
%
Idler'Gear:'

%
%
%
%
%
%
%
%
%
The'rpm'of'the'larger'gear…''

%
%
%
%
%
%
% %
%



Variables'to'know:'

%
%
%
%
%
%
%
% %
%
%
%
%
%
%
Equations'to'know'

GR#=#Gear#Ratio#
GR#=#MA#
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
What%is%the%gear%ratio%between%gear%A%and%B?%
%
%
%
%
What%is%the%gear%ratio%between%gear%B%and%C?%
%
%
%
What%is%the%gear%ratio%between%gear%C%and%D?%



%
What%is%the%TOTAL%gear%train%gear%ratio?%
%
%
%
If%gear%A%and%D%are%directly%connected%to%each%other%what%would%the%resulting%gear%ratio%be?%
%
%
%
%
What%would%the%Total%gear%ratio%be%if%the%last%gear%had%40%teeth?%
%
%
%
%
Gear'Ratios'–'Compound'Machines'

• Used'similarly'to'MA'

• __________________________________________________'

'

'

'

'

'

'

'

In'a'compound'machine,'total'MA'and'GR'are'products'of'components'

'

'

'

'

'

'

'

• MA'used'only'to'calculate'forces,'not'torques.'

• ________________________________________________________'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'



'

'

Solve'for'MA'for'mechanism'1:'Wheel'and'axle'

'

'

'

'

Solve'for'GR'of'mechanism'2:'Gear'train'

'

'

'

'

'

Solve'for'MA'of'mechanism'3:'Wheel'and'axle'

'

'

'

'

'

Solve'for'MA'total:'

'

'

'

'

'

Solve'for'the'GR'total:'

'

'

'

'

'

'

'

'

Compound'Gear'Train:''

%
%
%
%
%
%
%
%
%
%
%
%
%
What%is%the%gear%ratio%between%gear%A%and%B?%
%
%



What%is%the%gear%ratio%between%gear%C%and%D?%
%
%
%
What%is%the%gear%ratio%of%the%entire%gear%train?%
%
%
%
%
Pulley'and'Belt'Systems:'

%
%
%
%
%
% %
%
Sprocket:'

%
%
%
%
%
%
%
%
%
%
%
%
%
Comparing'Pulleys'and'Sprockets'

%% Pulley' Sprocket'

Method%of%
Transmitting%Force% % %

Advantages% % %

Disadvantages% % %

%
%

%



Introduction to  
Simple Machines 



Inclined Plane 

  A flat surface set at an angle or incline with no moving 
parts 

  Able to lift objects by pushing or pulling the load 



Wedge 

  Functions as a moving inclined plane 

  Tapers to a thin edge and is used for splitting, raising 
heavy bodies, or for tightening by being driven into 
something  

 



Wheel and Axle 

A wheel is a lever arm that is fixed to a shaft, which is called an axle.  

The wheel and axle move together as a simple lever to lift or to move 
an item by rolling. 

It is important to know within the wheel and axle system which is 
applying the effort and resistance force – the wheel or the axle.  



Pulley 

  A pulley is a lever consisting of  a wheel with a groove 
in its rim which is used to change the direction and 
magnitude of  a force exerted by a rope or cable.   

 



Screw 

  A mechanism that changes rotary motion into linear motion 



Lever 
  A mechanism that rotates about a fulcrum to  lift a heavy 

load. 



MA =1 

Effort Resistance Resistance 

Effort 

Resistance 

Effort 



Remember… 

FRE 

1st class 

2nd class 

3rd class 



Levers Quiz 
Use the following 

slides to quiz yourself 
on how how well you 
can match commonly 
used items with their 
correct class of lever. 

You will hear 
applause if your 
answer is correct   



Click on the correct Lever classification for the tool pictured 
below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



Click on the correct Lever classification for the tool pictured below. 

First Class Second Class Third Class 



You have successfully matched the 
common hand tools with their 

correct classification of lever.  Be 
sure to remember:      

                    F    R    E 
                    1    2     3 

            



Name%_________________________%
Identifying*Simple*Machines*Practice*

%
1. Identify%the%3%simple%machines%present:%

%
%
%
%
%
%
%
%
%
%
%
%

2. Identify%the%2%simple%machines%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

3. Identify%the%2%simple%machines:%
%
%
%
%
%
%
%
%
%
%
%
%
%
% %

Screwdriver%



4. Identify%the%2%simple%machines:%

%
%

5. Identify%the%3%simple%machines%
%
%
%
%
%
%
%
%
%
%
%
%
%

%
%

6. Identify%the%2%simple%machines:%
%



Mechanical Advantage 
and Efficiency 



Mechanical Advantage 

 The advantage gained by the use of  a 
mechanism in transmitting force 

  The ratio of  the force that performs the 
useful work of  a machine to the force that 
is applied to the machine 



Picking up a heavy object vs. using a 
lever to hoist up the object.  

The lever provides Mechanical 
Advantage 



Absence of  a ramp vs. using a 
ramp to load objects into a truck 

The ramp provides a 
Mechanical Advantage 



Pulleys used to provide Mechanical 
Advantage in rescue operations. In this 

scenario the man’s weight is divided by 3. 



Actual Mechanical Advantage: 
AMA 

AMA = FR
FE

Effort Force 
 

How much effort is put 
into the task.  

Measured in pounds (lb) 

AMA (Actual 
Mechanical Advantage) 

 
What real world 

advantage do you have in 
this particular task. A unit-

less/dimensionless 
quantity. 



Ideal Mechanical Advantage 
IMA 

 The mechanical advantage you might 
experience in an ideal situation that 
ignores friction.  

 

 Every Simple Machine has a different 
formula to determine its IMA… We will 
get to that later. 



Efficiency of  a Machine 
You can determine the efficiency of  a 

machine by comparing it’s IMA and AMA 
and creating a percentage. 

efficiency = AMA
IMA

x100

The Mechanical 
Advantage you 

ACTUALLY experience 

The Mechanical 
Advantage you 

SHOULD experience if  
it were a perfect world 

without friction 



Practice 
The load below weighs 300 lbs. The man pulling 

the rope is exerting 175 lbs of  force to lift the load 
vertically. If  the IMA is 2, determine the efficiency 

of  the pulley. 



Answer 

AMA = FR
FE

=
300lb
175lb

=1.71

efficiency = AMA
IMA

x100 = 1.71
2

x100 = 85.5%



Practice 
1. The following lever is used to hoist a 50 

lb object.  If  the effort is 35 lbs and the 
IMA is 2.5, determine the efficiency of  
the lever. 

 

57.1% 



2.  The following shopping cart weighs 30 
 lb when filled with groceries.  The 
 effort needed to push it up the ramp is 
 12 lb.  If  the IMA is 3, determine the 
 efficiency of  the ramp. 83.3% 



Inclined Plane, Wedge 
and Wheel and Axle 



Inclined Plane IMA 

Why can’t we just place a ramp over 
the stairs? Why make the ramp 

winding? 



IMA = slopelength
height

Note: slope length 
and height MUST be 

in the same 
dimensions. (inches, 

feet, meters, 
centimeters, etc.) 



Practice 
If  the height from the ground to the top of  the stairs is 
12 feet high and the slope length of  the section where 
the stairs is is 15 feet and the total slope length of  the 
wheelchair ramp is 90 feet, determine the IMA of  the 
wheelchair ramp as well as the stairs if  there were a 

ramp built on top. 



IMA = slopelength
height

=
15 ft
12 ft

=1.25

IMA = slopelength
height

=
90 ft
12 ft

= 7.5

The ramp with the longer slope length 
has the greater mechanical advantage. 

Basically the longer the distance the load 
has to travel the larger the mechanical 

advantage. 



A man in a wheelchair has a combined weight of  
210 lbs. If  he exerts a force of  32 lb to wheel 
himself  up the wheelchair ramp, determine the 
efficiency of  the wheelchair ramp. 

AMA = FR
FE

=
210lb
32lb

= 6.56

efficiency = AMA
IMA

x100 = 6.56
7.5

x100 = 87.5%



Pythagorean Theorem 

You may be asked to determine the slope length 
yourself. 

For the following incline if  the height is 5 feet and 
the base is 15 feet, determine the slope length of  

the incline. 

a2 + b2 = c2

5 ft( )2 + 15 ft( )2 = c2

slopelength =15.81 ft



Wedge IMA 
A wedge is used to split a piece of  wood. The first 
wedge shown on the left is 2.5 cm wide and 10 cm 
long (the height shown in this picture).  The wedge 
to the right is the same length (height) but it is 7.5 

cm thick.    

Which wedge 
would split the 

wood more 
easily? 



IMA = L
t

L = length of  blade 
t = thickness of  

blade 
NOTE: the units of  

both length and 
thickness must be 
the same (cm, m, 

in, ft, etc) 



Practice 
Determine the IMA of each wedge: 

 A wedge is used to split a piece of  wood. The first 
wedge shown on the left is 2.5 cm wide and 10 cm 
long (the height shown in this picture).  The wedge 
to the right is the same length (height) but it is 7.5 

cm thick.    



IMA = L
t
=
10cm
2.5cm

= 4

IMA = L
t
=
10cm
7.5cm

=1.33

The thinner the blade the higher the 
mechanical advantage. Just like a 

knife! 



A hiker uses the thinner wedge to split a piece of  
wood. He exerts a force of  80 lb to the top of  the 

wedge to split the wood. Knowing that this 
particular material needs a minimum force of  
300lb to split, determine the efficiency of  the 

wedge. 

AMA = FR
FE

=
300lb
80lb

= 3.75

efficiency = AMA
IMA

x100 = 3.75
4

x100 = 93.7%



Wheel and Axle IMA 
To turn on a water valve a 

handle is placed on the 
axle to make it easier to 
turn the shaft.  In this 

case the wheel is driving 
the axle. 

A motor is connected to 
the gear shown below. In 
this case the motor drives 

the gear that turns the 
axle which turns the 

tires. In this case the axle 
is driving the wheel. 

Which case do 
you believe has 
a greater IMA? 



IMA =
Circumferenceeffort
Circumferenceresis tance

=
2πreffort
2πrresis tance

=
reffort
rresis tance

OR
πdeffort
πdresis tance

=
deffort
dresis tance

For the wheel 
driving the axle 
the effort is on 

the wheel: 

For the axle 
driving the wheel 

the effort is on 
the axle: 

IMA = rwheel
raxle

OR dwheel
daxle

IMA = raxle
rwheel

OR daxle
dwheel



Practice 
A motor is connected to the gear to turn 

the axle and rotate the tires.  If  the axle has 
a diameter of  0.5 inches and the tires have 
a diameter of  4 inches, determine the IMA 

IMA = daxle
dwheel

=
0.5in
4in

= 0.125



To turn on a water valve a handle is 
placed on the axle to make it easier to 

turn the shaft.  The handle has a radius 
of  2.5 inches and the axle has a 

diameter of  1 inch. If  it takes 5 lb of  
effort to overcome 20 lb of  resistance 
in the axle, determine the efficiency of  

this handle. 



IMA = rwheel
raxle

OR dwheel
daxle

=
2.5in
0.5in

= 5

AMA = FR
FE

=
20lb
5lb

= 4

efficiency = AMA
IMA

x100 = 4
5
x100 = 80%



Circumference vs. Area 
The circumference and area formulae for 
circles is commonly confused. Get this 

down now!... And move on… 



Practice 
A man was lifting a tire as shown as part of  his 
workout. The diameter of  the tire is 6 feet.  When 
he flipped it over the side of  the tire laid flat on the 
ground.  
•  How much surface area was covered by the tire 

laying flat? 
When he was tired he rolled the tire down the 
street.  
•  How far did the tire travel with one rotation? 
•   5 rotations? 



Answers 



Mousetrap Vehicle 



Keeping roofs cooler to cut energy costs 
 
A simple paint-on coating might cut home energy use and urban pollution, a teen’s 
research suggests 
BY SID PERKINS 12:59PM, MAY 20, 2015 
Asphalt roofing shingles, especially dark ones like those shown here, can get scorching hot on summer 
ays. Then they'll also shed some of that heat into buildings. A new coating can help shingles reflect 
more  
 
 
 
 
 
 
 
 
 

CHRISTOPHRIDDLE/ISTOCKPHOTO 
PITTSBURGH, Pa. — The roof of a house can get pretty hot in the summer. Even if there is an insulated attic 
below, some of that heat can work its way into the living space. That can make air conditioners work harder and 
pump up electricity bills. But a thin, paint-like coating could help keep roofs cooler, a teen researcher finds. 
And in urban areas, widespread use of her new roofing treatment might even cut the formation of lung-irritating 
ozone on hot days. 
Shingles come in many colors, but dark ones are especially popular, says Jesseca Kusher. The 18-year old 
attends Spartanburg Day School in South Carolina. Like most dark objects, shingles absorb a lot of heat from 
sunlight. In the summer sun, they can easily reach 73.5° Celsius (164° Fahrenheit), she notes. If those shingles 
reflected more sunlight, they’d stay cooler. And that could help cut down on home cooling bills. According to 
the Environmental Protection Agency, air conditioning consumes about 5 percent of all the energy used in the 
United States. Cooling buildings costs the nation about $11 billion each year.. a paint-on coating for roofing 
shingles. Her formula could reduce a home’s cooling costs and possibly cut ozone pollution in urban areas. 
LAURA BUITRAGO/SSP 
So Jesseca looked into ways to make shingles reflect more light. She mixed tiny particles — a powder — made 
from any of several different substances into a clear paint-like coating. One coating got graphite, the same 
material in pencil lead. Another recipe included gypsum. That’s a soft mineral often found in the drywall used 
in construction. She even tried adding mica. That’s a mineral used in some lampshades. It readily breaks into 
small, glittering flakes. 
Each of these powders came in several colors. In each of Jesseca’s test recipes, her reflective powder accounted 
for 40 percent of the weight of the final mixture. She also prepared some of the paint-like coatings with no 
additive. That would let her judge whether a powder — versus the transparent goop it was added to — affected 
a shingle’s reflectivity, she explains. 
Jesseca used four different colored shingles. She painted each of her concoctions onto bits of each color of 
shingle and let them dry for 24 hours. Then, to simulate how the shingles would heat up in summer, she placed 
each postage-stamp-size sample under a 150-watt sun lamp. (Those bulbs send out radiation across a wide band 
of wavelengths, similar to those emitted by the sun.) Each test sample was irradiated for 15 minutes, or until the 
untreated shingles reached a temperature of 73.5 °C, whichever came first. To measure how hot each sample 
got, the teen used an instrument that measures the infrared radiation (heat) emitted by an object. 
Plain, unpainted shingles got hotter than shingles coated with paints that contained one of the powder additives. 
The samples that had a coating without any powder got just as hot as the unpainted shingles. That’s a sure sign 
that the powders were responsible for any cooling effect, Jesseca concludes. 



The glittery mica had the best overall cooling effect. Shingles with this coating only heated up, on average, to 
about 58.5 °C (about 137 °F). Shingles coated with gypsum or powdered graphite got a bit warmer, to between 
57 and 63 °C (up to 145 °F). 
The results for graphite were a huge surprise, says Jesseca. This coating left shingles darker than the untreated 
ones. According to conventional thinking, they therefore should have soaked up more heat, she says. But the 
powdered graphite must be reflecting more infrared radiation, she now suspects. 
Jesseca provided details of her research at the 2015 Intel International Science and Engineering Fair. This event 
was created by the Society for Science and the Public (which also publishes Science News for Students) and is 
sponsored by Intel. The annual competition brought 1,702 finalists to Pittsburgh this year. They came from 
more than 70 countries. 
Besides trimming cooling bills, the new coatings also could keep urban air cooler, says Jesseca. As cities grow, 
they usually get warmer than rural regions nearby. Pavements and other building surfaces tend to soak up 
sunshine and get hotter. Then they release that heat into the air, especially at night. Cars and machines such as 
air conditioners also release heat. Altogether, these things create what scientists call an “urban heat island” 
effect. This effect can raise city temperatures by 0.5 °C (0.9 °F) or more compared to areas that are grassy or 
lack a lot of buildings. 
That extra heat inside cities can speed up chemical reactions in the air. Some of these reactions can create 
ozone, which can irritate the eyes and lungs. Cooling off a lot of roofs could decrease ozone production, Jesseca 
reasons. 
There are a lot of roofs in the United States, so there’s plenty of opportunity to cut down on electricity bills and 
ozone production, she says. According to one study, scientists calculated that roofs cover about 172.4 billion 
square feet of the U.S. area. That’s an area bigger than the entire state of Connecticut! 

 
Analysis(

1. In%your%engineer’s%notebook,%summarize%this%students%research%and%her%findings.%
2. Why%does%she%believe%the%paint%must%be%reflecting%more%infrared%radiation?%What%is%infrared%

radiation?%
3. How%is%this%paint%good%for%urban%cities?%
4. As%an%engineer,%can%you%think%of%some%research%or%studies%that%should%be%done%to%ensure%that%this%

paint%is%safe?%



Name _________________                                           Date _________ 
 

Simple Machines Assessment 
For each question show equation, substitution and final answer with units!! 

 
1. Determine the mechanical advantage of the following axe that is being used to split the tree: 

 
 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 

2. Label the levers below as 1st, 2nd, or 3rd class: 
a. .                                                      b.                                        c.          (the hair is considered resistance) 

                                            
 
  
 
 
 
 
__________________                              _________________                _______________________ 

  
 

 
 
 
 
 
 
 
 

15 in 

2 in 



3. Determine the slope 
length ideal of the incline 
shown below: 

 
 
 
 
 
 
 
 
 
 
 

 
 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

4. Determine the ideal mechanical advantage of the incline above. 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
5. If this ramp were used to roll a cart up to the top and the cart weighed 100 lbs and we used 75 lbs of 

effort force, determine the actual mechanical advantage.  
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
6. Determine the % efficiency of the above incline. 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 

3 ft 

7 ft 



7. The diagram below shows a tractor with two different sets of wheels. The larger wheel has a diameter of 
5 ft and the smaller wheel has a diameter of 3 feet. How far does the tractor travel with 3 revolutions of 
the large tire? 

 
 
 
 
 
 
 
 
 
 
 

 
 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 
8. In the following diagram there is a wheel and axle set up. The axle has a radius of 4 inches and the 

wheel has a radius of 23 inches. Determine the ideal mechanical advantage if the wheel is driving the 
axle: 

 
 
 
 
 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 
9. Refer to the previous question: Determine the ideal mechanical advantage if the axle is driving the 

wheel. 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 

5 ft 
3 ft 



10. If a small child can only exert 15 lbs of effort, ideally how much force can he overcome with the wheel 
mentioned in the previous question? 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 
 
 
 
 
 
 
 

 



MOUSETRAP*VEHICLE*PROJECT*

• Objective:"Create"a"mousetrap"vehicle"that"travels"exactly"____"rotations"of"the"rear"axle."(quantity"to"be"
assigned"by"the"teacher)."

• Constraints:"
o You"must"use"the"mousetrap"provided"by"your"teacher.""

o Your"vehicle"must"only"move"a"linear"distance"equivalent"to"the"number"of"rotations"set"by"your"

teacher.""

o You"must"have"something"on"your"vehicle"that"makes"it"easy"to"count"the"number"of"rotations"(can"

either"be"a"mark"or"a"visual"indicator)."

o If"you"use"Fischertechnik"parts"they"may"not"be"glued"or"cut.""

o You"may"use"wood"and"hot"glue"provided"by"your"teacher"or"you"may"use"any"materials"you"decide"

you"would"like"to"bring"to"class."

o String"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

• Before"being"assigned"a"group"you"will"research"mousetrap"vehicles"that"move"a"specific"amount"of"

rotations"

• After"choosing"a"design"solution"you"are"to"outline"step"1"and"2"of"the"design"process"in"your"engineer’s"

notebook."

• Once"you"are"done"with"this"step"you"will"be"assigned"a"group"where"you"can"share"your"ideas"and"choose"1"

solution"that"might"marry"all"the"ideas"(if"need"be)."

• Sketch"and"annotate"this"solution"in"your"notebook"(step"3"below)."

• Then"you"will"get"the"go"ahead"to"begin"to"build."

• Follow"the"design"process"steps"below"on"what"you"should"include"in"your"notebooks."

"

Make"sure"that"all"of"your"information"goes"into"your"engineer’s"notebook"following"the"design"process"outline."Be"

sure"to"title"each"section."

6*Step*Design*Process:*

• Step"1:"Define*the*Problem:"Here"you"state"the"objective"of"your"project."

• Step"2:"Generate*Concepts:"Here"you"describe"your"research"idea."

• Step"3:"Develop*a*Solution:"Here"you"develop"a"design"proposal"and"include"annotated"final"design"

drawing."Explain"THOROUGHLY""how"you"will"get"your"vehicle"to"move"the"desired"rotations"showing"

all"EQUATIONS"AND"MATHEMATICS"in"the"initial"sketch"of"your"vehicle."

• Step"4:"Construct*and*Test*a*Prototype:"Go"ahead"and"build.""BE"SURE"TO"USE"CAUTION"WITH"THE"
MOUSETRAPS!"

• Step"5:"Evaluate*the*Solution:"If"something"is"not"working,"fix"it!"Be"sure"to"explain"what"you"changed"

in"your"notebooks!"

Building*
Steps:*



• Step"6:"Present*the*Solution:**Here"you"will"create"a"final"drawing"of"your"project"with"annotations"on"

how"it"works.""Also"include"a"picture"of"your"project."

Keep"in"mind"when"getting"data:"

• Be"sure"to"mark"your"start"and"finish"point"and"measure"the"distance"in"inches."

• After"your"final"sketch"and"conclusion"include"the"answers"to"the"data"analysis"questions"in"complete"

sentences"and/or"showing"all"equations"and"mathematics"necessary."

Data*Analysis*

1. Using"a"dial"caliper"measure"the"diameter"of"your"tire"on"the"rear"axle."_________________"inches."

2. Using"a"ruler,"measure"the"distance"your"car"travelled."____________________"inches."

3. What"is"the"circumference"of"your"rear"tire?"__________________"inches."

4. Multiply"the"circumference"from"#3"by"the"number"of"rotations"given"to"you"by"your"teacher."_______________"

inches."

5. Compare"your"measured"distance"(#2)"to"the"calculated"distance"(#4)"and"do"a"percent"error:""

!"#$"%&!!""#":! !"#$%&"' − !"#!$#"%&'!"#!$#"%&' ∗ 100%"
"

6. Include"in"your"conclusion"statement"where"your"error"may"have"been"derived"from."

7. Determine"which"simple"machines"are"working"in"conjunction"to"create"your"mousetrap"vehicle."Include"

labels"on"your"final"sketch"of"these"simple"machines."Write"these"labels"in"a"different"color."

Rubric:"

" 2* 4* 6*

Step*1N2*in*engineer’s*

notebook*

There"is"too"much"

information"missing"from"

Step"1c2"

Step"1c2"is"in"the"

engineer’s"notebook"but"it"

is"unclear"which"step"is"

which""

OR""

There"is"some"information"

missing."

Step"1c2"is"clearly"outlined"

in"the"engineer’s"

notebook."

Step*3*Design*Proposal* Your"sketch"is"unclear"

and/or"annotations"

unclear"and"hard"to"follow."

Your"sketch"is"somewhat"

unclear"and/or"

annotations"unclear"and"

hard"to"follow."

Your"sketch"is"clear"to"

understand"and"is"

correctly"annotated"and"

explained."

Step*4N5*Building*Steps*

*

(ALL*RUBRIC*POINTS*X2)*

Your"design"has"many"

glitches"and"does"not"work"

properly"or"efficiently."

"

4*POINTS*

You"created"a"design"with"

some"glitches"that"were"

not"addressed."

"

8*POINTS*

You"created"a"working"

design"within"the"

parameters"given"and"all"

simple"machines"and"gear"

trains"clearly"work"the"

way"intended."

"

16*POINTS*

Step*6:*Communication* Your"final"sketch"and"

picture"is"lacking"in"

annotations"AND"does"not"

explain"changes."

Your"final"sketch"and"

picture"is"not"thorough"

and"could"have"been"

explained"better.""

"

Your"final"sketch"and"

picture"has"thorough"

explanations."

Data*Analysis* Your"calculations"are"

messy"and"incomplete"and"

not"properly"labeled."

You"did"not"label"

equations"and/or"units"

"OR"

"What"the"calculations"are"

for"is"not"clearly"labeled."

All"calculations"are"clearly"

labeled"and"shows"

equations,"substitutions"

with"units"and"final"

answer"with"correct"units."

Conclusion*steps*6N7*in*

data*analysis*

Too"much"of"your"

conclusion"is"incomplete."

Conclusion"is"somewhat"

incomplete."

Conclusion"is"complete"

and"all"questions"are"

answered."

"



Pulley, Screw, Lever 



Pulley 

A moveable pulley is 
not attached to 

anything but can 
freely move on the 

string 
A fixed pulley is 

attached to a surface 
while the string 

moves freely through 
the groove. 

A block and tackle is 
a combination of  

fixed and moveable 
pulleys. When used 
in conjunction your 
effort is minimal. 



Directional Advantage 
You can determine if  a pulley has 

directional advantage by noting the 
direction the object moves in relation 

to the effort. If  the effort and the object 
move in the same direction then there 

is no directional advantage. If  the 
effort and the object move in opposing 

directions then there is directional 
advantage. 



As the effort pulls 
upward (by the 

arrow) the object 
moves up with the 
pulley. Therefore, 

there is no 
directional advantage 

As the effort pulls 
down on one end of  
the rope the mass at 
the other end moves 
upward. These are in 
opposite directions. 
Therefore, there is 

directional 
advantage. 



Pulley IMA 
If  a single rope or cable 

is threaded multiple 
times through a system 

of  pulleys, 
Pulley IMA = # strands opposing the                   
                         force of  the load and 
                         movable pulleys 

 
If  the pulley has directional 

advantage then subtract 1 from 
your IMA 



Practice 

IMA = 2 

IMA = 1 

IMA = 4 

Determine 
the IMA of  

each 



Practice 

�

�

���� �
�

What is the AMA of  the pulley system 
on the right? 

230 lb 

���	���� �
���	�

AMA = 3.48 

What is the efficiency of  the pulley 
system on the right? 

! "
# $
% &

���� ���
�% Efficiency =  

= 87% 

AMA
IMA

!

"
#

$

%
&100 =



An inclined plane wrapped 
around a cylinder, forming the 
path and pitch 

A wheel and axle used to 
create rotary motion 
 

Screw 
Two Components 

Properties 
 Change rotary motion into linear motion 

 Used as a threaded fastener 

 Large MA 

 Large amount of  friction loss 



Pitch 

Effort Arm Distance –  
If  using a wrench, effort arm distance 
would be the length of  the wrench 

Thread Information 
1/2 13 NC  

Diameter  Threads 
per inch 

Thread 
description 
coarse or fine  

If  13 threads per inch, then pitch or distance 
between threads is 1/13 of  an inch 

Screw Identification 

Diameter 

Distance between threads  
and linear distance traveled 
by 1 rotation of  the screw 

How far will a screw with 13 threads per inch move linearly if  
turned one full rotation? 1/13 of  a inch 



Screw IMA 
�

�

���� �
�

DE = One rotation of  the effort arm = Circumference 

 DR = Linear distance traveled during one 
 rotation of  the effort arm = Pitch 

Circumference 2 π rIMA = =
Pitch P

⋅ ⋅

1/4 20 NC 

What is the IMA of  the screw above if  effort is applied 
by an 8.0in. long wrench? 

32 π 8.0inIMA = =1005.31 =1.0 •101in.
20

⋅ ⋅



The following  1/5 25 NC screw is being 
installed with the screwdriver as shown. The 
screwdriver is 8 inches long and has a handle 

diameter of  1.5 inches. While visualizing how 
the effort is being applied, determine the IMA 

using the appropriate circumference data.  



The effort is being applied at 
the handle. Therefore, the 

length of  the screw driver is 
extra information.  

IMA = C
pitch

=
πd
1
TPI

=
π1.5in
1
25

=117.81



The following  1/5 25 NC nut is being 
installed with the wrench as shown. The 

wrench is 8 inches long. While visualizing 
how the effort is being applied, determine the 

IMA using the appropriate circumference 
data.  



The effort is being applied at the end of  the wrench. The 
length of  the wrench, however, is the radius of  the circle 

NOT the diameter. 

IMA = C
pitch

=
2πr
1
TPI

=
2π8in
1
25

=1256.64



If  it actually took 5 lb of  effort 
force to overcome 3500lb of  

resistance, determine the efficiency 
of  the wrench. 

AMA = FR
FE

=
3500lb
5lb

= 700

efficiency = AMA
IMA

x100 = 700
1256.64

x100 = 55.7%

Why is the 
efficiency so 

low? 



Lever IMA 

IMA = DE

DR

Distance to the effort 
from the FULCRUM 

Distance to the 
resistance from the 

FULCRUM 
EFFORT RESISTANCE 

FULCRUM 

DE DR



DO YOU REMEMBER WHICH CLASS IS 
WHICH? (GREEN ARROW IS EFFORT) 

3RD CLASS 

2ND CLASS 
1ST  CLASS 



Determine the IMA of  each 

MA =1 

Effort Resistance 

Effort Resistance 

MA >1 

Resistance Effort 

MA <1 

15 ft 15 ft 

20 ft     10 ft 

20 ft     10 ft 

IMA = DE

DR

=
15 ft
15 ft

=1

No mechanical advantage 

IMA = DE

DR

=
20 ft
10 ft

= 2

You have MA. The job is easier 

IMA = DE

DR

=
10 ft
20 ft

= 0.5

Your MA is less than one.  
Your job is harder. 



Looking closer at Class 1 
Fulcrum in the Middle 

Effort Resistance 

5 ft 

15 ft 

15 ft 

5 ft 

Effort 

Resistance 

IMA = DE

DR

=
5 ft
15 ft

= 0.33

IMA = DE

DR

=
15 ft
3 ft

= 3

Your job is now 
harder 

Your job is now 
easier 



Looking Closer at Class 2 
Resistance in the Middle 

5 ft 

Resistance 
Effort 

IMA = DE

DR

=
5 ft
20 ft

= 0.25

20ft 

Is there any arrangement that would 
make De less than Dr? 



Looking closer at Class 3 
Effort in the Middle 

Resistance 

Effort 

5 ft 

20 ft 

IMA = DE

DR

=
20 ft
5 ft

= 4

Is there any arrangement that 
would make Dr less than De? 



Conclusions 
•  Which class lever is the only lever that can 

have a Mechanical Advantage greater or 
less than 1? 

•  Which class lever is the only lever that can 
have a Mechanical Advantage greater than 
1? 

•  Which class lever is the only lever that can 
have a Mechanical Advantage less than 1? 

Class 1 

Class 3 

Class 2 



Determine the efficiency 

Effort Resistance 

5.5 in. 
2.25 
in. 

16 lb         32 lb 

IMA = DE

DR

=
5.5 ft
2.25 ft

= 2.44

AMA = FR
FE

=
32 ft
16 ft

= 2

efficiency = AMA
IMA

x100 = 2
2.44

x100 = 82.0%



Torque, Moment and 
Compound Machines 



Torque 
Torque is the measure of  how much force is needed 

to rotate an object about an axis a distance away 
from the axis. 

Which 
door is 

easier to 
open and 

why? 



torque = F ⋅d⊥
Force measured in lb or 

Newtons 
 

Perpendicular distance 
measured in feet or meters 

 
Torque measured in ftlb or 

Nm 



For the following wrench shown below, 
which hand has more torque?  

 
If  the nut requires 20ftlb of  torque to 

rotate, how much force must be provided 
in each hand position A and B? 



t = Fd
20 ftlb = F(1 ft) = 20lb
20 ftlb = F(2 ft) =10lb



Moment 
The Moment of  a force is a measure 

of  its tendency to cause a body to 
rotate about a specific point or axis. 
The body is not in actual rotation as 
it is concerning torque. Therefore, it 

is the same equation but the 
vocabulary is used in different 

context. 

moment = F ⋅d⊥



The following lever is in static equilibrium 
(balanced/not in motion).  The weight on the 
right weighs 20N and is 1.3m away from the 
pivot point. If  the smaller weight is 2m away 

from the pivot, determine how many Newtons 
the smaller weight is.  



In this case the lever is in equilibrium; that means that 
the moment that the smaller weight creates is cancelled 

out by the moment the larger weight creates. 

M1 =M2 = Fd = Fd
20N ⋅1.3m = F(2m)
F =13N



Compound Machines 
When more than one simple machine is 

used to perform a task you can obtain the 
overall Ideal Mechanical Advantage by 
multiplying the individual mechanical 

advantages. 

IMAtotal = IMA1 ⋅ IMA2 ⋅ IMA3...



Practice 

80 lb 

Notice the pulley system 
is made of  3 SEPARATE 
strands rather than one 

continuous strand. In this 
case there are essentially 

3 separate pulleys 

IMAtotal = IMA1 ⋅ IMA2 ⋅ IMA3...
IMAtotal = 2 ⋅2 ⋅2 = 8



80 lb 

With an IMA total of  8, 
determine how much effort 
force must be used to lift an 

80 lb weight. 

IMA = AMA = FR
FE

=
80lb
FE

= 8

FE =10lb



Identify each Simple Machine and 
determine the total IMA of  the 

Compound Machine 
Fixed pulley 

moveable 

D=5cm 
wheel 

D=1cm axle 
moveable 

4cm 2cm 

3cm 1cm 

5cm 



IMA block and tackle pulley = 2 
IMA wheel and axle = 5 

IMA lever 1 = 2 
IMA moveable pulley = 2 

IMA lever 2 = .33 
IMA incline = 2 

 
IMA total=26.4 

 
 
 
 



Name _________________                                           Date _________ 
 

Simple Machines Assessment 2 
For each question show equation, substitution and final answer with units!! 

 
1. Using a block and tackle pulley system, with 8 strands and a load of 480 lbs, ideally, how much effort is 

needed? 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
2. If a pulley system is utilized to lift a 2175 lb object but the machine can only lift a maximum amount of 

50 lbs what is the minimum # of strands that must be used to ensure that the object is not dropped? 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
3. From the diagram below determine the mechanical advantage of the pulley system and whether or not it 

has directional advantage: 
 

Mechanical Advantage Directional Advantage? 
 
 
 
 
 
 

 
 

Yes or No 

 
 
 

 
 

4. An object is being hoisted by a lever.  If the distance between the object and the fulcrum is 8 ft and the 
distance between the fulcrum and the man hoisting the object is 20ft, solve for the ideal mechanical 
advantage. 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 



5. If the object weighs 100 lb and the effort is 65 lb, determine the Actual Mechanical Advantage of the 
lever. 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 
6. Determine the efficiency of the lever in #4 and 5: 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 
7. Which class lever can ONLY have a mechanical advantage less than 1? 

a. First class 
b. Second class 
c. Third class 

 
8. Which class lever is the ONLY class lever that can have a mechanical advantage of greater OR less than 

1? 
a. First class 
b. Second class 
c. Third class 

 
9. A ¼ 20 NC screw is being installed with a wrench that is 5 inches long.  

 
a. What is the pitch of this screw? 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 
b. Calculate the mechanical advantage when it is being installed with the wrench. 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 
 
 

  



10. The nut being installed in the following picture experiences a torque of 110ftlb. If the person installing 
the nut cannot exert more than 20 lb of force, what is the minimum length of the wrench? 

 
 
 
 
 
 
 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 
 
 

  

 
11.  Sammy and Gina are on a seesaw.  If Sammy weighs 55 lb and is seated 3.5 feet away from the fulcrum 

and Gina weighs 40lb, how far away must Gina sit in order to make the seesaw balance in static 
equilibrium? 

 
 
 
 
 
 
 
 
 
 
 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 
 
 

  

 

  55 lb 

  3.5 ft       x 

  40 lb 



Simple Machines Investigation 
Introduction 
Greek mathematician, physicist, astronomer, and engineer Archimedes boasted, “Give me a place to 
stand, and with a lever I will move the whole world.” Archimedes never moved the world, but he did 
change the world through the development of simple machine mechanisms. 
  
In this activity you will explore the function and characteristics of the lever, wheel and axle, and pulley 
systems. You will see firsthand how simple machines manipulate energy to create a desired output. 
  
Equipment 
�         Fischertechnik equipment 
�         Rulers and/or tape measures 
�         String – Masonry line 
�         assorted masses 
Procedure 
For this activity your team of four will construct simple machines using components given to you by 
your teacher. After you have constructed the simple machines, you will gather data to calculate 
mechanical advantage. It is important to be as accurate as possible in your measurements and 
documentation. 
  
Terms to know to complete this activity: 
  
The Effort (FE) is the force that you apply to the system. 
  
The Resistance (FR) is the force or load that you are manipulating. 
  
  
  
 
Part 1 – Lever, Wheel and Axle, and Pulley 

First Class Lever  
  
1.    Create a scaled annotated drawing of the first class lever. 
  
  
  
2.    Calculate the ideal mechanical advantage of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
3.    Calculate the ideal effort force needed to overcome the known resistance force. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
 



 
4.    Calculate the actual mechanical advantage of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
5.    Calculate the efficiency of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

 
6.    List and describe two examples of a first class lever. 
  
  
  

Second Class Lever  
1.    Create a scaled annotated drawing of the second class lever. 
  
  
  
2.    Calculate the ideal mechanical advantage of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
3.    Calculate the ideal effort force needed to overcome the known resistance force. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
4.    Calculate the actual mechanical advantage of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
5.    Calculate the efficiency of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

6.    List and describe two examples of a second class lever. 
  



  

Third Class Lever  
  
1.    Create a scaled annotated drawing of the third class lever. 
  
  
2.    Calculate the ideal mechanical advantage of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
3.    Calculate the ideal effort force needed to overcome the known resistance force. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
4.    Calculate the actual mechanical advantage of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
5.    Calculate the efficiency of the lever system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

6.    List and describe two examples of a third class lever. 
  
  
7.    Is it possible for a first or second class lever to have a mechanical advantage less than one, or for 
a third class lever to have a mechanical advantage greater than one? Justify your answer. 
  
  
  
  
8.    When you were solving for mechanical advantage, what units did the final answer require? 
Explain why. 
  
  
  
 
 
  



Wheel and Axle  
  
1.    What is the diameter of the wheel? 
  
2.    What is the diameter of the axle? 
  
3.    Attach the resistance weight to the string attached to the axle. Use your fingers to turn the wheel. 
Based on where the applied effort and resistance are located, identify the distance traveled by both 
forces during one full rotation. 
DE = 
DR = 
  
4.    Remove the resistance weight from the axle string and attach the weight to the wheel. Use your 
fingers to turn the axle. Based on where the applied effort and resistance are located, identify the 
distance traveled by both forces during one full rotation. 
DE = 
DR = 
  
5.    Wrap the resistance weight around the axle using string. Use the force sensor attached to the 
string wrapped around the wheel to create equilibrium. Based on where the applied effort and 
resistance are located, identify the force required to hold the system in equilibrium. 
FE = 
FR = 
  
6.    Wrap the weight around the wheel using string. Use the force sensor attached to string on the 
axle to create equilibrium. Based on where the applied effort and resistance are located, identify the 
force required to hold the system in equilibrium. 
FE = 
FR = 
  
  
  
7.     For the same resistance, is the effort force larger when the effort is applied to the wheel or 
when it is applied to the axle?  Explain why. 
  
  
  
8.    Create a scaled annotated drawing of the wheel and axle system. 
  
  
  
9.    Calculate the ideal mechanical advantage of the wheel and axle system if the resistance force is 
applied to the axle. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  



10. Calculate the ideal mechanical advantage of the wheel and axle system if the resistance force is 
applied to the wheel. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
11. Calculate the ideal effort force needed to overcome the known resistance force if the resistance 
force is applied to the wheel. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
12. Calculate the actual mechanical advantage of your wheel and axle system if the resistance force 
is applied to the wheel. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
13. Calculate the efficiency of the wheel and axle system when the resistance force is applied to the 
wheel. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
14. List and describe two examples of a wheel and axle. 
  
15. If you know the dimensions of a wheel and axle system used for an automobile, how can you 
determine the distance covered for each axle revolution? Explain any additional information and 
necessary formulas. 
  
  
16. Why is the steering wheel on a school bus so large? 
  
  

Fixed Pulley  
  

1. Create a scaled annotated drawing of the fixed pulley system. 
 
 
 
 
  
  



2.    Calculate the ideal mechanical advantage of the fixed pulley system. 
Formula Substitute / Solve Final Answer 
  
  
  

    

  
3.    Calculate the actual mechanical advantage of the fixed pulley system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
Calculate the efficiency of the fixed pulley system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  

Movable Pulley  
  
1.    Create a scaled annotated drawing of the pulley system. 
  
2.    Calculate the actual mechanical advantage of the pulley system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
3.    Calculate the ideal mechanical advantage of the pulley system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
4.    Calculate the efficiency of the fixed pulley system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
  



Block and Tackle  
   
1.    Create a scaled annotated drawing of the pulley system. 
  
  
2.    Calculate the actual mechanical advantage of the pulley system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
3.    Calculate the ideal mechanical advantage of the pulley system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
4.    Calculate the efficiency of the fixed pulley system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
5.    Describe two examples of a pulley system. 
  
 
6.    The fixed pulley contained two strands. Explain the role of each strand. 
  
  
7.     The movable pulley contained two strands. Explain the role of each strand. 
  
  
  
  
8.    In the block and tackle system, explain how mechanical advantage relates to the number of 
strands. 
  
  
  
  
  
9.    In a block and tackle system with a mechanical advantage of 3, the effort is measured at 15 lbf. 
The resistance, when balanced, is measured at 42 lbf. What factors might account for the loss in 
energy? 
  
  



Part 2 – Inclined Plane and Screw 

Inclined Plane  
  
1.    Create a scaled annotated drawing of the inclined plane system. 
  
  
2.    Calculate the ideal mechanical advantage of the inclined plane system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
3.    Calculate the ideal effort force needed to overcome the known resistance force. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
4.    Calculate the actual mechanical advantage of the inclined plane system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
5.    Calculate the efficiency of the inclined plane system. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
6.    List and describe two examples of an inclined plane. 
  
  
  

Screw  
  
1.    Create a scaled annotated drawing of the screw system. 
  
  
  
  
2.    Calculate the ideal mechanical advantage of the screw. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  



3.    Calculate the ideal effort force needed to overcome the known resistance force. 
Formula Substitute / Solve Final Answer 
  
  
  

    

  
4.    Calculate the actual mechanical advantage of the screw. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
5.    Calculate the efficiency of the screw. 

Formula Substitute / Solve Final Answer 
  
  
  

    

  
6.    Describe two examples of a screw. 
  
  
  
7.    Why do you think overcoming a resistance force using a screw is so easy? 
  
  
  
8.     The screw is a combination of two simple machines. Identify and defend what two simple 
machines you believe are combined to create a screw. 
 !
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Activity 1.1.1  Simple Machine Investigation 
Part 1 – Lever, Wheel and Axle, and Pulley 

First Class Lever  
 

1. Collecting the data: First group go to the lever station. One student will stand on 
the end of the lever with the fulcrum in the middle. Another will try to push down 
the lever on the other side with a scale and establish static equilibrium. Always 
use a spotter! 

a. Create a scaled annotated drawing of your lever system in your notebook. 
b. Using a ruler, measure the distance from the effort to the fulcrum and the 

distance from the resistance to the fulcrum. Record values in your 
notebook. 

c. While one student is standing on the resistance side of the lever, another 
student is lifting him by pushing on the other end of the lever using a scale 
to measure the amount of force. Record both the weight of the resistance 
and the effort force in your notebooks. Note your lever must be in 
equilibrium to obtain sufficient data. 

2. Calculations (show all work including equations and units): 
a. Calculate the ideal mechanical advantage. 
b. Calculate the ideal effort force needed to overcome the known resistance 

force. 
c. Calculate the actual mechanical advantage of the lever system. 
d. Calculate the efficiency of the lever system. 

3. Questions: 
a. List and describe two examples of a first class lever. 

 

Second Class Lever  
 

1. Collecting data: While at the lever station continue on to second class. One 
student will stand between the fulcrum and the effort force while another lifts the 
lever with the scale underneath. Another student will be needed to read the value 
on the scale. Always use a spotter! 

a. Create a scaled annotated drawing of your second class lever. 
b. Using a ruler, measure the distance from the effort to the fulcrum and the 

distance from the resistance to the fulcrum. Record values in your 
notebook. 
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c. While one student is standing on the resistance side of the lever, another 
student is lifting him by lifting on the other end of the lever using a scale to 
measure the amount of force. Record both the weight of the resistance 
and the effort force in your notebooks. Note your lever must be in 
equilibrium to obtain sufficient data. 

2. Calculations (show all work including equations and units): 
a. Calculate the ideal mechanical advantage. 
b. Calculate the ideal effort force needed to overcome the known resistance 

force. 
c. Calculate the actual mechanical advantage of the lever system. 
d. Calculate the efficiency of the lever system. 

3. Questions:  
a. When you were solving for mechanical advantage what units did the final 

answer have? Why? 
b. List and describe two examples of a first class lever. 

 

Third Class Lever  
 

1. Collecting data: Situate yourselves in the above scenario of a third class lever. 
Using a spotter, try to apply effort to the lever (minimal).  

2. Questions: 
a. Describe what happens in your notebooks. 
b. Describe the mechanical advantage that a third class lever has. 
c. Can you think of a scenario in which we would want to have a mechanical 

advantage such as this? Why might we use a third class lever (be 
complete). 

 

Wheel and Axle  
1. Collecting data: Using the wheel and axle system that is assembled, answer the 

following: 
a. What is the diameter of the wheel? 
b. What is the diameter of the axle? 

*Note that in the next two questions you are reversing the location of the effort 
and resistance.* 

c. Attach the resistance weight to the string attached to the axle. Use your 
fingers to turn the wheel. Based on where the applied effort and 
resistance are located, identify the distance traveled by both forces during 
one full rotation. 

DE = 
DR =  
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d. Remove the resistance weight from the axle string and attach the weight 
to the wheel. Use your fingers to turn the axle. Based on where the 
applied effort and resistance are located, identify the distance traveled by 
both forces during one full rotation. 

DE = 
DR =  

  
e. Create a scaled annotated drawing of the wheel and axle system in your 

notebooks 
2. Calculations (show all work including equations and units): 

a. Calculate the ideal mechanical advantage of the wheel and axle system if 
the resistance force is applied to the axle. 

b. Calculate the ideal mechanical advantage of the wheel and axle system if 
the resistance force is applied to the wheel. 

c. Calculate the ideal mechanical advantage of the wheel and axle system if 
the resistance force is applied to the wheel. 

d. Calculate the ideal effort force needed to overcome the known resistance 
force if the resistance force is applied to the wheel. 

e. Calculate the actual mechanical advantage of your wheel and axle system 
if the effort force is applied to the wheel. 

f. Calculate the efficiency of the wheel and axle system when the effort force 
is applied to the wheel. 

3. Questions: 
a. Was it more difficult to apply effort to the wheel or to the axle? Explain 

why.  
b. List and describe two examples of a wheel and axle.  
c. If you know the dimensions of a wheel and axle system used for an 

automobile, how can you determine the distance covered for each axle 
revolution? Explain any additional information and necessary formulas. 

d. Why is the steering wheel on a school bus so large?  
 

Fixed Pulley  
1. Collecting data: Create the fixed pulley system shown above. Connect the mass 

as shown and use a force measuring device to measure the effort force.  
a. Create a scaled annotated drawing of the fixed pulley system in your 

notebooks. 
b. Determine the effort force and the resistance force. 
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2. Calculations: 
a.  Determine the ideal mechanical advantage of the fixed pulley system. 
b. Calculate the actual mechanical advantage of the fixed pulley system 

using a force measuring device. 
c. Calculate the efficiency of the fixed fully system. 

 

Movable Pulley  
1. Collecting data: Create the moveable pulley system shown above. Connect the 

mass as shown and use a force measuring device to measure the effort force. 
a. Create a scaled annotated drawing of the fixed pulley system in your 

notebooks. 
b. Determine the effort force and the resistance force. 

2. Calculations: 
a. Calculate the actual mechanical advantage of the pulley system using a 

force measuring device. 
b. Determine the ideal mechanical advantage of the pulley system. 
c. Calculate the efficiency of the fixed pulley system. 

 

Block and Tackle  
1. Collecting data: Create the block and tackle pulley system shown above. 

Connect the mass as shown and use a force measuring device to measure the 
effort force. 

a. Create a scaled annotated drawing of the fixed pulley system in your 
notebooks. 

b. Determine the effort force and the resistance force. 
2. Calculations: 

a. Calculate the actual mechanical advantage of the pulley system. 
b. Determine the ideal mechanical advantage of the pulley system. 
c. Calculate the efficiency of the fixed pulley system. 

3. Questions: 
a. Describe two examples of a pulley system in your notebooks. 
b. The fixed pulley contained two strands. Explain the role of each strand. 
c. The movable pulley contained two strands. Explain the role of each 

strand.  
d. In the block and tackle system, explain how mechanical advantage relates 

to the number of strands.  
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e. In a block and tackle system with a mechanical advantage of 3, the effort 
is measured at 15 lbf. The resistance, when balanced, is measured at 42 
lbf. What factors might account for the loss in energy? 

  

Inclined Plane  
1. Collecting data: Use the inclined plane and a weight attached to string along 

with a force measuring device to pull the weight up the ramp and determine the 
force needed to obtain static equilibrium. 

a. Create a scaled annotated drawing of your inclined plane system in your 
notebooks. 

b. Determine the effort force and the resistance force. 
c. Measure the slope length and the height of the incline. 

2. Calculations (show all work including equations and units): 
a. Calculate the ideal mechanical advantage of the inclined plane system. 
b. Calculate the ideal effort force needed to overcome the known resistance 

force. 
c. Calculate the actual mechanical advantage of the inclined plane system. 
d. Calculate the efficiency of the inclined plane system. 

3. Questions:  
a. List and describe two examples of an inclined plane. 
b. Wedge:  

i. Describe two examples of a wedge. 
c. Screw:  

i. Describe two examples of a screw. 
ii. Why do you think overcoming a resistance force using a screw is 

so easy? 
iii. The screw is a combination of two simple machines. Identify and 

defend what two simple machines you believe are combined to 
create a screw. 

 



 
Name __________________________ 

Simple Machines 
1. A 1/8 25 NC screw is being installed with a screwdriver. The screwdriver has a handle with a diameter of 

2 inches. 
a. How far linearly does the screw travel with one rotation? 

 
 
 
 
b. Determine the mechanical advantage if the screw is installed with a screwdriver. [Show all work 

including equations and substitutions with units]: 
 
 
 
 
 
 
 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
c. You found it very difficult to use this screwdriver so you decided to get an 8 inch long wrench. 

Determine the mechanical advantage if the screw is installed with the wrench. [Show all work 
including equations and substitutions with units]: 

 
 
 
 
 
 
 
 
 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 
 



2. If you applied 15 lb of force to the end of the wrench shown above, determine the torque that the nut 
experiences. 

Equation Substitution (with units) Final answer (with 
correct units) 

 
 
 
 
 

  

 
3. The following ramp is used to load furniture into a truck.  

 
 
 
 
 
 
 
 
 
 
 
 
 

a. Determine the slope length of the incline: [Show all work including equations and substitutions 
with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 
 

b. Determine the IMA of the incline: [Show all work including equations and substitutions with 
units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 
 

10 ft 

3 ft 



c. Ideally how much effort would be needed to load a 300lb piece of furniture? [Show all work 
including equations and substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 
 

4. The following diagram is of a pulley system used to lift a 110N object with an effort of 30 N: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Determine the Ideal Mechanical Advantage of the pulley system shown: [Show all work 
including equations and substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
a. Determine the Actual Mechanical Advantage of the pulley system: [Show all work including 

equations and substitutions with units]: 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 



b. What is the efficiency of the pulley system? [Show all work including equations and 
substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 
 

5. The following diagram shows an axle driving a wheel.  The axle has a diameter of 0.25 inches. The 
wheel has a diameter of 6 inches.  

 
 
 
 
 
 
 
 
 
 
 
 

a. Determine the Ideal Mechanical advantage of the wheel and axle system shown above: [Show all 
work including equations and substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 

b. Determine how far the wheel travels with 20 rotations: [Show all work including equations and 
substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 



6. The following diagram shows a wedge being used to split wood. The wedge has a width of 3 inches and 
the length from tip of blade to the back is 10 inches. 

 
 

 
 
 
 
 
 
 
 
 
 

a. Determine the Ideal Mechanical advantage of the wedge shown above: [Show all work including 
equations and substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
7.  

a. What class lever is the simple machine shown? 
 
 
 
 
 
 1st, 2nd or 3rd  
 
 
 
 
 
 
 

b. Determine the Ideal Mechanical advantage of the lever shown above if the distance from the 
handle to the wheel is 60 inches and the distance from the center of the load to the wheel is 25 
inches: [Show all work including equations and substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

60 inches 

25 in 



8. Based on the picture below, who weighs more, Garfield (the cat) or Odie (the dog) and explain how you 
know in complete sentences (you must use vocabulary such as moment, force and distance in your 
answer). 

 



Gears, Pulley Drives and 
Sprockets 



Gears, Pulleys, & Sprockets 
These three power train elements transfer 
energy through rotary motion.  

Change the speed of rotation 
Change the direction of rotation 
Change the amount of torque available to 
do work  



Gears 

A gear train is made when two or more gears 
are meshed 

A gear train is a mechanism used for 
transmitting rotary motion and torque through 
interlocking teeth.  

Driver gear causes motion 

Motion is transferred to the driven gear 



Gears 
 Mating gears always 
turn in opposite 
directions. 
 An Idler Gear allows the 
driver and driven gears 
to rotate in the same 
direction. 

 Mating gears always 
have the same size 
teeth (diametric pitch). 



Gears 

 The rpm of the larger gear 
is always slower than the 
rpm of the smaller gear. 
 Gears locked together on 
the same shaft will always 
turn in the same direction 
and at the same rpm. 



Gear Ratios 
Variables to know 

  n  = number of teeth 
  d  = diameter 
 w = angular velocity (speed) 

    t = torque 
  ** Subscripts in and out are used to distinguish between gears ** 

4” 

 nin= 
    din = 
   win = 
    tin = 

6 
2in. 
40rpm 
40 ft-lb 

 nout = 
 dout = 
wout = 
  tout = 

12 
4in. 
20rpm 
80 ft-lb 



Gear Ratios 

�	� �	� �	���

�� �� �	� ��

� ���
� � �

τω
= = = =

ω τ

Equations to know 
GR = Gear Ratio 

lbft
lbft

−

−

40
80

rpm
rpm

20
40

.2

.4
in
in

6
12

1
?

2
1



Gear Ratios 

= =���

��

���
� �

What is the gear ratio 
between gear A and B? 

=
� ���
�� �

What is the gear ratio 
between gear B and C? 

=
�� �
� �

What is the gear ratio 
between gear C and D? 

=
�� ��
�� �

= =���

��

���
� �

= =���

��

���
� �



Gear Ratios 

• • =
��� ���� �
� � �

What is the TOTAL gear 
train gear ratio? 

What would the total gear ratio be if the last gear had 
40 teeth? 

• • =
��� ���� � �
� � � �

�
�

If gear A and D were directly 
connected to each other, what 
would the resulting gear ratio be? 

=
�� �
�� �

or = = =	�


��

��� �� �
� � �� �

= =���

��

���
� �

Idler gears don’t  
affect GR! 



Gear Ratios – Compound Machines 
• Used similarly to MA 
• Applies to torque instead of force 

 
 

• In a compound machine, total MA and GR are 
products of components 

• MA used only to calculate forces, not torques. 
• GR used only to calculate torques, not forces.   
 



Example Compound Machine 
 • Here are 3 mechanisms 
  in series: 

• #1 Wheel-axle 
• #2 Gear train 
• #3 Wheel-axle 

 



Example Compound Machine 
 • Mechanism #1: Wheel-axle 



Example Compound Machine 
 • Mechanism #2: Gear train 



Example Compound Machine 
 • Mechanism #3: Wheel-axle 



Example Compound Machine 
 



Example Compound Machine 
 



Compound Gear Train 

The two middle gears share 
a common axle, so they 
rotate at the same speed. 

This allows the final gear to 
rotate slower and produce  
more torque than if it were 
connected only to the driver 
gear. 

Driver 



Compound Gear Ratios 

50 T 
40 T 

20 T 10 T 

40 4
10 1

=

A 
B 

C 

D 

What is the gear ratio 
between gear A and B? 

50 2.5
20 1

=

What is the gear ratio 
between gear C and D? 

What is the gear ratio of the entire gear train? 
4 2.5 10
1 1 1
• =

1
= =out

in

GR n
n

1
= =out

in

GR n
n



Pulley and Belt Systems 

��� �����

�� ��� ��

�
�

τω
= =
ω τ

.2

.6
in
in

rpm
rpm

10
30

Equations 

d = diameter      ω = angular velocity (speed)       τ = torque 

ou
t 

in
 

lbft

lbft

−

−

3
118

55
2i

n.
 



Sprocket and Chain Systems 

��� ��� �����

�� �� ��� ��

� �
� �

τω
= = =

ω τ

11
22

.5.1
.3
in
in

n = number of teeth       d = diameter      ω = angular velocity (speed)       τ = torque 

3in. 

out 

1.5in. 
in 

rpm
rpm

45
90

lbft
lbft

−

−

60
120



Pulley Sprocket 
Method of 

Transmitting 
Force 

Belt Chain 

Advantages Quiet, no lubrication 
needed, inexpensive 

No slip, greater 
strength 

Disadvantages Can slip 
Higher cost, 
needs lubrication, 
noisy 

Comparing Pulleys and Sprockets 



Name%_________________________%
Gears&Practice:&
%
%
%
%
%
%
%
%
%
%
%
%
%

1. Refer%to%the%diagram%above:%
a. Count%the%number%of%teeth%on%each%gear:%

i. A:%
ii. B:%
iii. C:%
iv. D:%
v. E:%
vi. F:%

Assume&that&the&driver&is&driving&gear&A&and&F&is&the&compound&gear&train&output.&
2. Calculate%the%gear%ratio%between%meshed%gear%A%and%B:%

%
%

3. Calculate%the%gear%ratio%between%meshed%gear%C%and%D:%
%
%

4. Calculate%the%gear%ratio%between%meshed%gear%E%and%F:%
%
%

5. Calculate%the%total%gear%ratio%for%the%entire%compound%gear%train:%
%
%

6. Calculate%the%total%gear%ratio%for%the%entire%compound%gear%train%in%F%is%the%input%and%A%is%the%
output.%

%
%
%
%
The&total&gear&ratio&would&be&used&if&you&wanted&to&know&how&many&full&revolutions&of&the&effort&

force&were&required&to&get&one&full&revolution&at&the&output.&
7. The%statement%above%is%on%what%the%overall%gear%ratio%can%tell%us.%How%many%revolutions%does%gear%

A%require%to%make%one%full%revolution%of%gear%F?%(Assume%A%is%the%driver)%
%
%

8. How%many%revolutions%does%gear%F%require%to%make%one%full%revolution%of%gear%A?%(Assume%F%is%the%
driver)%

%

A%

B% C%

D%
E%

F%



Compound(Machine(Design(

Objective:"To"create"a"compound"machine"with"a"mechanical"advantage"greater"than"1"and"a"gear"ratio"greater"than"1.""
Your"compound"machine"must"perform"some"kind"of"task."

Constraints:""

1. Your"project"must"fit"on"one"project"board"(given"to"you"by"the"instructor)"
2. You"must"utilize"fischertechnik"components."
3. Your"design"must"include"at#least"3"simple"machines"
4. Your"design"must"include"at#least"1"gear"train."
5. Your"design"must"perform"a"task"(dragging"an"object,"lifting"an"object,"etc)."

Procedure:"

1. Locate"your"engineer’s"notebook"and"log"onto"a"computer."You"must"begin"researching"different"types"of"
projects"done"with"fischertechnik."Google"“fischertechnik"compound"machine"design”"and"look"through"the"
images"to"begin"your"research."

2. Log"3"ideas"into"your"notebook"with"this"section"dated"and"entitled"“Compound"Machine"Design”."
3. You"will"now"be"put"into"groups"at"random"and"allowed"to"scan"inventory"of"project"materials."Share"your"

research"with"your"partners"and"choose"1"design."
4. Before"moving"onto"the"next"step"you"must"organize"your"notebook"into"the"design"process"steps:"

6(Step(Design(Process:(

• Step"1:"Define(the(Problem:"Here"you"state"the"objective"of"your"project"and"list"out"constraints."
• Step"2:"Generate(Concepts:"Here"you"list"out"your"research"ideas"(the"3"you"chose)."
• Step"3:"Develop(a(Solution:"Here"you"develop"a"design"proposal"and"include"annotated"final"design"drawing."
• Step"4:"Construct(and(Test(a(Prototype:"Go"ahead"and"build"
• Step"5:"Evaluate(the(Solution:"If"something"is"not"working,"fix"it!"Be"sure"to"explain"what"you"changed"in"

your"notebooks!"
• Step"6:"Present(the(Solution:((Here"you"will"create"a"final"drawing"of"your"project"with"annotations"on"how"it"

works.""Also"include"a"picture"of"your"project."
5. Now"you"may"move"onto"calculations.""

a. Show"all"of"your"work"for"calculating"each"individual"IMA"of"each"simple"machine."
b. Show"all"of"your"work"for"calculating"the"total"IMA."
c. Show"all"of"your"work"for"calculating"each"individual"GR"
d. Show"all"of"your"work"for"calculating"the"total"GR"
e. Show"all"of"your"work"and"obtain"data"to"calculate"the"AMA"(you"may"want"to"go"over"this"step"with"

your"teacher"to"ensure"you’re"doing"it"correctly)"
f. Show"all"of"your"work"to"calculate"the"efficiency"of"the"design."

6. Conclusion:"Did"it"work?"How"well"did"it"work?"What"would"you"change"to"make"it"better?"How"could"this"be"
used"in"the"real"world?"

(

(

(

Building(

Steps:(



(

Rubric:"

" 2( 4( 6(

Step(1G2(in(engineer’s(

notebook(

There"is"too"much"
information"missing"from"

Step"1Z2"

Step"1Z2"is"in"the"engineer’s"
notebook"but"it"is"unclear"

which"step"is"which""
OR""

There"is"some"information"
missing."

Step"1Z2"is"clearly"outlined"
in"the"engineer’s"notebook."

Step(3(Design(Proposal( Your"sketch"is"unclear"
and/or"annotations"unclear"

and"hard"to"follow."

Your"sketch"is"somewhat"
unclear"and/or"annotations"
unclear"and"hard"to"follow."

Your"sketch"is"clear"to"
understand"and"is"correctly"
annotated"and"explained."

Step(4G5(Building(Steps(

(

(ALL(RUBRIC(POINTS(X2)(

Your"design"has"many"
glitches"and"does"not"work"
properly"or"efficiently."

"
4(POINTS(

You"created"a"design"with"
some"glitches"that"were"not"

addressed."
"

8(POINTS(

You"created"a"working"
design"within"the"

parameters"given"and"all"
simple"machines"and"gear"
trains"clearly"work"the"way"

intended."
"

16(POINTS(

Step(6:(Communication( Your"final"sketch"and"
picture"is"lacking"in"

annotations"AND"does"not"
explain"changes."

Your"final"sketch"and"
picture"is"not"thorough"and"
could"have"been"explained"

better.""
"

Your"final"sketch"and"
picture"has"thorough"

explanations."

Calculations( Your"calculations"are"messy"
and"incomplete"and"not"

properly"labeled."

You"did"not"label"equations"
and/or"units"

"OR"
"What"the"calculations"are"
for"is"not"clearly"labeled."

All"calculations"are"clearly"
labeled"and"shows"

equations,"substitutions"
with"units"and"final"answer"

with"correct"units."
Conclusion( Too"much"of"your"

conclusion"is"incomplete."
Conclusion"is"somewhat"

incomplete."
Conclusion"is"complete"and"
all"questions"are"answered."

"



Name _________________         Date ________ 
 

Review 
 
Belt and Pulley Systems 

A driver pulley (input) powers one or more driven pulleys (output). The pulleys are connected by 
belts. The ratios are based on the relationship between the different pulleys. As seen in Figure 1, 
pulleys manipulate torque and speed. 
 

  
Figure 1 

The ratios of pulley and belt systems are the same as for gears. The exception is that there are no 
teeth on a pulley to count, so you must rely on the diameter of each pulley. 
 

out outin

in out in
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= =

d ω τ  

It is common for multiple pulleys to be used with a single belt as seen in Figure 2. 
 

 
Figure 2 

1. Assuming that Pulley A is the power source or input and that it is moving clockwise (CW), 
which way would the other pulleys rotate, clockwise or counterclockwise (CCW)? Complete 
the table below. 

 
Pulley CW or CCW 

A CW 

B  

C  

D  

 



2. Using the diameter of each pulley, what is the ratio between pulley A and the other three 
pulleys? Complete the table below. 

 Formula Substitute & Solve Final Answer 

B:A 
 

   

C:A 
 

   

D:A 
 

   

 
3. If the torque force provided at pulley A is 120. ft·lb, then what are the corresponding torque 

values at pulleys B, C, and D? Complete the table below. 

t Formula Substitute & Solve Final Answer 

B 
 

   

C 
 

   

D 
 

   

 
Sprockets and Chain Systems 

It is not unusual to hear sprockets referred to as gears. However, a difference does exist between 
the two. Remember that with gears the teeth of one gear are meshed with the teeth of another 
gear. When chains are used, they are joined with sprockets. This means that a bicycle actually 
uses sprockets and chains to transfer power between the pedals and back wheel. Fundamentally 
the operation, formulas, and selection of sprockets are no different than with pulleys. One 
advantage is that you can count teeth to determine ratios. Below are the relationships of the 
ratios. 

 
4. What is the only difference between a sprocket and chain system and meshed gears? 

 
 
 

5. If I want more speed (rpms) on the output, should we use a smaller gear or larger gear than 
the driver? 

 
6. If I want more torque (ftlb) on the output, should we use a smaller gear or larger gear than the 

driver? 
 



Simple Gear Train 
7. In the gear train below, gear A is the driver and C is the output: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Calculate the total gear ratio of the entire gear train: [show all work including equations 
and substitutions with units]. 

 
 
 
 
 

b. Can we simply solve for the gear ratio of the entire train just using gears C and A? 
How do you know? 

 
 

c. How many times will gear A rotate compared to gear C? 
 
 

d. Notice that gear B and C are the same number of teeth. What is the purpose of gear 
B? 

 
 

e. What do we call the gear mentioned in letter “d” above? 
 
 

f. Which has more torque, the output gear or the input gear (C or A)? 
 
 

g. Which has more speed (rpms), the output gear or the input gear (C or A)? 
 
 

h. If 5 ftlb of torque is applied at gear A, then what is the output at gear C? [show all work 
including equations and substitutions with units]. 

 
 
 
 
 
 

N = 15 N=30 

N=30 
A 

B 

C 



Compound Gear Train: 
8. In the compound gear train below, gear D is the driver: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Calculate the total gear ratio of the entire gear train: [show all work including equations 
and substitutions with units]. 

 
 
 
 
 

b. Can we simply solve for the gear ratio of the entire train just using gears D and A? 
How do you know? 

 
 

c. How many times will gear D rotate compared to gear A? 
 
 
 

d. Which has more torque, the output gear or the input gear (A or D)? 
 
 

e. Which has more speed (rpms), the output gear or the input gear (A or D)? 
 
 

f. If 5 ftlb of torque is applied at gear D, then what is the output at gear A? [show all work 
including equations and substitutions with units]. 

 
 
 
 
 
 
 
 

 
 
 

A 
N = 10 

B 
N = 20 

C 
N = 10 

D 
N = 20 



Compound Machines: 
9.  For the following compound machine, gear A is driving gear B. The diameters are 3.6 and 2.5 inches respectively. A lever 

arm is attached to gear B so when it is rotated the lever arm lifts the string that lifts the weight. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

a. Identify the 3 mechanisms: 
 
 
 

b. Calculate the mechanical advantage or gear ratio of the first mechanism. [show all work including equations and 
substitutions with units]. 

 
 
 

c. Calculate the mechanical advantage or gear ratio of the second mechanism. [show all work including equations and 
substitutions with units]. 

 
 
 

d. Calculate the mechanical advantage or gear ratio of the third mechanism. [show all work including equations and 
substitutions with units]. 

 
 
 

e. Calculate the overall Mechanical Advantage of the machine.  
 
 

f. Calculate the overall Gear Ratio of the machine: 
 
 
g. Ideally, how much effort force is needed by gear B to lift the 5 lb weight? 

 
 
 

h. If it takes 0.6 lb of effort force to actually lift the 5 lb weight, determine the AMA of the machine. [show all work 
including equations and substitutions with units]. 

 
 
 

i. Determine the efficiency of the machine: [show all work including equations and substitutions with units]. 

Gear A 
D = 3.6 inches 

Gear B 
D = 2.5 inches 

Length = 3.5 inches 



Name _____________________         Date __________ 
FOE Test 

Gears and Compound Machines 
 

1. Refer to the simple gear train for the following questions (a – f): 
 
 
 
 
 
 
 
 

Gear A has a diameter of 2.5 inches, Gear B has a diameter of 5.2 inches and Gear C has a 
diameter of 11 inches. 

 
a. If I wanted the output of this gear train to provide a lot of torque, which would be the input and 

which would be the output? 
i. Input Gear: __________ 

ii. Output Gear: __________ 
 

b. If I wanted the output of this gear train to provide a lot of revolutions per minute, which would 
be the input and which would be the output? 

i. Input Gear: __________ 
ii. Output Gear: __________ 

 
 

c. Solve for the overall gear ratio of the gear train if gear A is the driver. [Show all work including 
equations and substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
d. How many times will gear A rotate compared to gear C? ____________________ 

 
e. How many times will gear C rotate compared to gear A?   ___________________ 

 
f. If Gear A is spinning at 400 rpms, determine the speed of gear C: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

A 
B C 



g. If we can ignore Gear B in our calculations, explain what it’s role is and what type of gear it is 
considered: 

 
 
 

 
 

2. Refer to the following compound gear train for questions a – b.  
 
Gear D is the driver 

 
 
 
 

Gear A has 36 teeth, Gear B has 20 teeth, Gear C has 28 teeth, and Gear D has 16 teeth. 
a. Solve for the overall gear ratio of the gear train. [Show all work including equations and 

substitutions with units]: 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
b. If the diameter of Gear A is 7 inches, determine the diameter of Gear D. [Show all work 

including equations and substitutions with units]: 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 
 
 

 



The following Compound Machine shows a lever (12 inches long, on the right) being pushed down to rotate 
Gear A (d = 6 in). Gear A then drives Gear B (d = 3 in) and Gear B then drives Gear C (d = 18 in).  As Gear C 
rotates it lifts another lever (10 inches long, on the left) that pulls up the string that is wrapped around a pulley 
to pull up the 5 pound weight.  
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

3. It is important that you first label the fulcrum, effort and resistance on the lever on the right (Lever A). 
Label the three dots with either F (fulcrum), E (effort) or R (resistance) 

 
 
 
 
 
 

4. What class lever is depicted in #8? 
 
5. The lever on the left of the diagram is depicted below (Lever B). Label the three dots with either F 

(fulcrum), E (effort) or R (resistance). 
 
 
 
 
 
 
 
 
 

A 

C 

String to 
pulley 

FE 
 

Lever A 
Length = 12inches 

Gear A 
D = 6 inches 

Gear B 
D = 3 inches 

Gear C 
D = 18 inches 

Lever B 
Length = 10 inches 



 
6. What class lever is depicted in #10? 
 
7. Calculate the IMA of the lever where the effort is applied (Lever A). [Show all work including equations 

and substitutions with units]: 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
8. Calculate the Gear Ratio of the meshed gear train. [Show all work including equations and substitutions 

with units]: 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 

9. Calculate the IMA of the lever that is supporting the pulley (Lever B). [Show all work including 
equations and substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
10. Calculate the IMA of the pulley. [Show all work including equations and substitutions with units]: 

 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 
 
 
 



 
11. Calculate the Total Mechanical Advantage of the Compound Machine.  

 
 
 

12. What is the total Gear Ratio? 
 
 
 
13. Ideally, how much effort is needed for the mechanism to lift the 5 lb weight? [Show all work including 

equations and substitutions with units]: 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
14. If it takes 2 lbs of effort to actually lift the 5 lb weight, determine the AMA of the Compound Machine. 

[Show all work including equations and substitutions with units]: 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
15. Determine the efficiency of the Compound Machine. [Show all work including equations and 

substitutions with units]: 
 
Equation Substitution (with units) Final answer (with 

correct units) 
 
 
 
 
 

  

 
 
 
 
 
 
 
 
 
 



Bonus: the following shows a COMPOUND MACHINE that includes 2 different simple machines in the 
swinging of an axe to split wood.  Identify the 2 different simple machines and the total Ideal Mechanical 
Advantage of the axe. The following lengths identified in the diagram are: a: 1.5 feet; b: 8 feet; c: 9 inches; d: 
2.25 feet. 
 

Side view: Top view: c 
 
 
 
 d 
 a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
   

b 



Mechanical)Work)and)Energy)

Curricular)Goals)

Students)will)be)able)to)do:)

• Calculate)the)amount)of)work)done)using)W=Fd)

• Recognize,)in)an)ideal)case,))the)work)done)on)an)object)is)equal)to)the)energy)gained)by)the)

object)

• Calculate)the)amount)of)Potential)Energy)stored)in)an)object)

• Calculate)how)much)Kinetic)Energy)a)moving)object)has)

• Apply)the)Law)of)Conservation)of)Energy)to)a)simple)Mechanics)situation)

• Determine)the)Power)developed)by)an)object)

NYS)Learning)Standard:)

• State)Standard)4:)Key)Idea)4.1)

Misconceptions:)

• Potential)Energy)gained)by)an)object)is)independent)of)path)taken)(only)depends)on)vertical)

height)change))

• A)truck)can)do)more)Work)than)human)(humans)can)do)as)much)work)as)a)truck)it)will)just)take)

us)longer)to)do)it))

Daily)Lesson)Overviews:)

A)full)lesson)plan)is)provided)for)Day)2)

Day)1:)

• Aim:)How)do)we)describe)Work?)

• Materials:)Engineering)Notebook,)Calculator,)pen)or)pencil,)rolling)cart)to)demonstrate)work)

done)on)an)object.)

• Motivation:))A)student)will)be)placed)on)a)rolling)cart.)I)will)than)pull)the)cart)across)the)room.)In)

doing)so,)I)will)apply)a)force)over)a)certain)distance.)In)contrast)I)will)apply)a)force)to)the)wall.)

During)this)time)I)will)have)a)student)hold)a)1kg)mass)in)each)hand)fully)extended.)I)will)than)ask)

the)students)tell)me)the)difference)between)the)scenarios.)

• Students)will)take)notes)on)Work,)its)definition,)how)it’s)represented)mathematically,)and)how)

to)solve)problems.)

• Homework:)Handout)#1)Work.)

Day)2:)

• Aim:)How)do)we)describe)the)work)done)against)Gravity?)

• Materials:)Engineering)Notebook,)Calculator,)Pen)or)Pencil,)1)kg)masses.)



• Do)Now:))A)student)applies)a)20N)force)to)move)a)crate)4m.)How)much)work)was)done)against)

friction?)

• Motivation:)I)will)have)a)student)lift)a)1kg)mass)some)arbitrary)vertical)distance.)I)will)ask)what)

was)different)about)this)activity)compared)to)the)Do)Now?)A)discussion)of)Work)done)against)

Gravity)will)follow.)

• Students)will)take)notes)on)Work)done)against)Gravity,)its)definition,)how)it’s)represented)

mathematically,)and)how)to)solve)problems.)

• Homework:)Handout)#2)Work)done)against)Gravity.)

Day)3:)

• Aim:)How)do)we)calculate)the)Potential)Energy)and)Kinetic)Energy)of)an)object?)

• Materials:)Engineering)Notebook,)Calculator,)Pen)or)Pencil.)

• Do)Now:)A)5kg)mass)is)moved)to)a)distance)10m)above)the)ground.)How)much)work)was)done)

against)gravity)lifting)the)5kg)mass?)

• Motivation:)I)will)ask)a)student)if)they)would)want)the)mass)we)lifted)in)the)Do)Now)dropped)on)

his/her)foot?)Why?)

• Students)will)be)introduced)to)the)relationship)between)Work)and)Energy.)

• Students)will)take)notes)on)Potential)Energy)and)Kinetic)Energy,)their)definitions,)how)they)are)

represented)mathematically,)and)problem)solving.)

• Homework:)Handout)#3)Forms)of)Energy.)

Day)4:)

• Aim:)How)do)we)describe)Power?)

• Materials:)Engineering)Notebook,)Calculator,)Pen)or)Pencil.)

• Motivation:)What)can)do)more)work)1))a)human)or)2))a)truck?)Answer:)They)can)both)do)the)

same)amount)of)work.)However,)there)is)a)difference)between)the)two)scenarios.)The)truck)can)

do)the)work)faster.))Another)way)to)express)this)is)in)terms)of)Power.)

• Students)will)take)notes)on)Power,)its)definition,)how)it’s)represented)mathematically,)and)

problem)solving.)

• Homework:)Handout)#4)Power.)

• Optional)Activity:)The)power)lab.)Have)students)measure)the)time)needed)to)climb)a)flight)of)

stairs.)With)some)simple)calculations)they)can)calculate)their)power)output.)

)

)

)

)

)



Day)5_7:)

• Aim:)How)do)we)apply)the)Law)of)Conservation)of)Energy?)

• Materials:)Engineering)Notebook,)Calculator,)Pen)or)Pencil.)

• Motivation:)Teacher)to)use)discretion)on)demonstration)for)conservation)of)energy.)One)

example)is)hanging)a)mass)suspended)from)the)ceiling.)Have)the)mass)pulled)back)until)it)

touches)a)student’s)nose.)Release)the)mass)from)rest.)It)will)never)return)to)its)original)height)

because)some)of)the)energy)is)lost)to)friction.)A)discussion)of)the)law)of)conservation)of)energy)

will)ensue.)

• Students)will)take)notes)on)The)Law)of)Conservation)of)Energy,)and)how)to)apply)the)law)to)

solve)a)variety)of)problems.)

• Use)at)least)two)days)for)students)to)understand)the)concept)and)problem)solving.)Examples)

should)include)energy)conversions)from)Potential)Energy)to)Kinetic)Energy)and)Kinetic)Energy)to)

Potential)Energy.)

• Homework:)Handout)#5)Conservation)of)Energy.)

Day)8:)

• Have)students)do)practice)problems,)Handout)#6,)in)class.)

• Go)over)problems.)

• Homework:)Study)for)unit)test.)

Day)9:)

• Unit)test:)Mechanical)Work)and)Energy)

)

)

)



Handout(#1( ( FOE(

Homework(W=Fd(

(

1) A(2.2(kg(mass(is(being(pulled(by(a(30(Newton(force(through(a(distance(of(5.0(meters.(How(much(
work(is(done?(

(

(

(

2) A(20.0(Newton(force(is(used(to(push(a(2.00(kg(object(a(distance(of(5.0(meters.(Calculate(the(
amount(of(work(done(on(the(object.(

(

(

(

3) A(cart(weighing(20.0(Netwons(is(pushed(10(meters(on(a(level(surface(a(distance(of(5(Newtons.(
How(much(work(is(done(on(the(cart?(

(

(

(

4) A(student(does(60(Joules(of(work(pushing(a(3.0(kg(box(up(a(ramp(that(is(5.0(meters(long.(
Determine(the(force(used(to(push(the(box.(

(

(

(

5) How(much(work(is(done(on(a(downhill(skier(by(an(average(braking(force(of(980(Newtons(to(stop(
her(in(a(distance(of(10.0(meters?(

(

(

(



Handout(#1( ( FOE(

6) A(net(force(of(5.0(Newtons(moves(a(2.0(kg(object(a(distance(of(3.0(meters(in(3.0(seconds.(How(
much(work(is(done(on(the(object?(

(

(

(

7) How(much(work(is(done(by(a(force(of(8(Newtons(acting(through(a(distance(of(6(meters?(

(

(

(

8) What(force(is(required(to(do(60(Joules(of(work(in(sliding(an(object(a(distance(of(5.0(meters.(Find(
the(work.(



Handout(#2( ( FOE(

Homework(Work(done(against(Gravity(

(

1) What(is(the(work(required(to(raise(a(10.0(kg(box(a(height(of(5.0(meters?(

(

(

(

2) How(much(work(is(needed(to(lift(a(15(Newton(block(3.0(meters(vertically?(

(

(

(

(

3) How(much(work(is(done(by(the(force(lifting(a(0.1(kg(hamburger(vertically(upward(a(distance(of(
0.3(meters?(

(

(

(

(

4) How(much(work(is(required(to(lift(a(10.0(Newton(weight(from(4.0(meters(to(40.0(meters.(

(

(

(

(

5) Through(what(vertical(distance(is(a(50(Newton(object(moved(if(250(joules(of(work(is(done(
against(gravity?(

(

(



Handout(#2( ( FOE(

6) If(a(2.0(kg(mass(is(raised(.05(meter(vertically.(Find(the(work(done(on(the(object.(

(

(

(

(

7) How(much(work(is(done(when(a(rock(weighing(10.0(Newtons(is(lifted(a(vertical(distance(of(8(
meters?(

(

(

(



Handout(#3( ( FOE(

Homework(Forms(of(Energy(

(

1) A(6.8(kg(block(is(sliding(down(a(horizontal,(frictionless(surface(at(a(speed(of(6(m/s.(Find(the(
kinetic(energy(of(the(block.(

(

(

(

(

2) A60.0(kg(runner(has(1920(joules(of(kinetic(energy.(At(what(speed(is(she(running?(

(

(

(

(

3) A(45(kg(boy(is(riding(a(15.0(kg(bicycle(with(a(speed(of(8(m/s.(Determine(the(combined(kinetic(
energy(of(the(boy(and(bicycle.(

(

(

(

(

4) An(object(moving(at(25(m/s(has(450(joules(of(kinetic(energy.(Determine(the(objects(mass.(
(

(

(

(

(

(



Handout(#3( ( FOE(

5) While(riding(a(chairlift,(a(55(kg(skier(is(raised(a(vertical(distance(of(370(meters.(Determine(the(
skiers(change(in(potential(energy.(

(

(

(

(

6) What(is(the(gravitational(potential(energy(with(respect(to(the(surface(of(the(water(of(a(75(kg(
diver(located(3.0(meters(above(the(water?(

(

(

(

(

7) When(a(5(kg(mass(is(lifted(from(the(ground(to(a(height(of(10(meters,(find(the(gravitational(
potential(energy(stored(in(the(mass.(

(

(

(

(

8) A(20(kg(block(falls(freely(from(rest(from(a(point(3.0(meters(above(the(ground.(With(respect(to(
the(ground,(find(the(potential(energy(after(the(block(has(fallen(1.5(meters.(

(

(

(



Handout(#4( ( FOE(

Homework(Power(

(

1) What(is(the(unit(of(power?(

(

(

(

(

2) Describe(what(happens(to(the(power(as(the(time(required(to(lift(a(mass(increase.(

(

(

(

(

3) A(small(electric(motor(is(used(to(lift(a(5.0(kg(mass(at(constant(speed.(If(the(mass(is(lifted(a(

vertical(distance(of(1.5(meters(in(5.0(seconds,(what(is(the(power(developed(by(the(motor?(

(

(

(

(

4) Student(A(lifts(a(50(Newton(box(4.0(meters(in(2.0(seconds.(Student(B(lifts(a(40(Newton(box(0.50(

meters(in(1.0(seconds.(Compared(to(student(A,(describe(how(much(work(and(power(student(B(

does.(

(

(

(

(

(

(



Handout(#4( ( FOE(

5) A(40(kg(student(runs(up(a(staircase(to(a(floor(that(is(5.0(meters(higher(than(her(starting(point(in(

7.0(seconds.(Determine(the(power(developed(by(the(student.(

(

(

(

(

6) How(long(would(it(take(a(machine(to(do(5,000(joules(of(work(if(the(power(rating(of(the(machine(

is(100(watts?(

(

(

(

(

7) When(a(machine(does(250(joules(of(work(in(10(seconds,(determine(the(work(developed(by(the(

machine.(

(

(

(

(

8) A(motor(has(an(output(of(1,000(watts.(When(the(motor(is(working(at(full(capacity,(how(much(

time(will(it(take(to(lift(a(50.0(newton(object(100(meters?(

(

(

(

(

(

(

(



Handout(#5( ( FOE(

Homework(Conservation(of(Energy(

(

1) A(.5(kg(ball(is(thrown(vertically(upward(with(an(initial(kinetic(energy(of(25(joules.(Determine(how(

high(the(ball(is(going(to(rise.(

(

(

(

(

2) A(5.0(kg(cart(is(at(foot(of(a(hill(10(meters(high.(For(the(cart(to(reach(the(top(of(the(hill,(what(is(

the(kinetic(energy(need(to(reach(the(top(of(the(hill?(

(

(

(

(

3) Describe(where(the(kinetic(energy(of(a(freely(falling(object(and(its(potential(energy(will(be(the(

same.(

(

(

(

(

4) A(55(kg(diver(falls(freely(from(a(diving(platform(that(is(3.0(meters(above(the(surface(of(the(pool.(

When(she(is(1.0(meter(above(the(surface,(what(are(her(potential(energy(and(kinetic(energy(with(

respect(to(the(water?(

(

(

(

(



Handout(#5( ( FOE(

5) A(20(kg(object(strikes(the(ground(with(1,960(joules(of(kinetic(energy.(Determine(how(far(above(

the(ground(was(the(object(when(it(was(released.(

(

(

(

(

6) A(40(Newton(object(is(released(from(rest(at(a(height(of(10(meters(above(the(earth’s(surface.(

Calculate(how(fast(it(is(moving(just(before(it(hits(the(ground.(

(

(

(

(

7) At(a(height(of(10(meters(above(the(earth’s(surface(2(kg(object(has(196(joules(of(potential(energy.(

Find(out(how(fast(it(is(traveling(just(before(it(hits(the(ground.(

(

(

(

(

(

(

(



Handout(#6( ( FOE(

Practice(Problems:(Mechanical(Work(and(Energy(

(

1) A(force(of(25.0(Newtons(is(used(to(move(a(2.0(kg(object(a(distance(of(2.5(meter.(Determine(how(

much(work(was(done(on(the(object.(

(

(

(

(

2) A(student(pushes(on(a(locked(classroom(door(with(a(force(of(100(Newtons.(How(much(work(did(

the(student(do(pushing(on(the(door?(

(

(

(

(

3) A(force(of(80(Newtons(pushes(a(50(kg(object(across(a(level(floor(for(8.0(meters.(Calculate(the(

work(done(on(the(object.(

(

(

(

(

4) How(much(work(is(done(when(a(rock(of(mass(2(kg(is(lifted(a(distance(of(4(meters(vertically.(

(

(

(

(

(



Handout(#6( ( FOE(

5) How(much(work(is(done(when(a(rock(of(mass(2(Newtons(is(lifted(a(distance(of(4(meters(

vertically.(

(

(

(

(

6) What(is(the(work(required(to(raise(a(15(kg(box(from(a(starting(height(of(5(meters(to(a(ending(

height(of(20(meters?(

(

(

(

(

7) A(2(kg(mass(is(located(5(meters(above(the(earth’s(surface.(Determine(the(potential(energy(of(the(

object(at(this(height.(

(

(

(

(

8) A(3(kg(object(has(350(joules(of(potential(energy(some(distance(above(the(ground.(Determine(

how(high(the(object(is(above(the(ground.(

(

(

(

(

9) A(10(kg(mass(is(traveling(with(a(speed(of(7(m/s.(Determine(the(kinetic(energy(of(the(object.(

(

(



Handout(#6( ( FOE(

10) How(fast(is(a(2(kg(mass(moving(if(it(has(250(joules(of(kinetic(energy?(

(

(

(

(

11) Describe(the(relationship(between(power(and(time.(

(

(

(

(

12) A(50(kg(students(runs(up(a(staircase(a(vertical(distance(of(7(meters(in(a(time(of(120(seconds.(

Determine(the(power(developed(by(the(student.(

(

(

(

(

13) (A(motor(develops(1,500(watts(of(power(lifting(a(15(kg(mass(in(30(seconds.(Determine(the(

vertical(distance(the(mass(was(lifted.(

(

(

(

(

14) A(.02(kg(bullet(is(fired(upward(from(a(gun(with(a(kinetic(energy(of(100(joules.(Determine(how(

high(the(bullet(will(rise.(

(

(

(



Handout(#6( ( FOE(

15) A(2(kg(rock(is(dropped(from(a(height(of(4(meters(above(the(ground.(Determine(the(kinetic(

energy(of(the(rock(just(before(it(hits(the(ground.(

(

(

(

(

16) Determine(how(the(rock(in(problem(15(is(going(right(before(it(hits(the(ground.(



Grade Level: Foundations of Engineering 
 
Units: Mechanical Work and Energy 
 

Mechanical Work – Day 2 
 
Aim: How do we calculate the work done against gravity? 
 
NYS Learning Standards: 
Key Idea 4: Energy exists in many forms, and when these forms change energy is 
conserved. 
 
NYS Performance Indicator: 
4.1: Students can observe and describe transmission of various forms of energy. 
 
Materials Needed: 
Pen or Pencil 
Engineering Notebook 
Calculator 
1kg masses 
 
Students should be able to: 
 

1) Determine the work done against gravity. 
 

Do Now: 
 
1) A student applies a 20N force to move a crate 4m. How mush work was done 

against friction? 
 
 
 
 
 
 
 
2) A man lifts a 10N box and places upon a 2m high platform. How much work 

was done? 
 
 
 
 

 
 
 
 



Motivation: 
 

Demo:  
I will lift a 1 kg mass from the floor to the top of a desk an approx. distance of 
1m.  
 
Question: How much work was done? How do I find the force applied to the 
book? Which Force do I need to overcome to lift the book? 

 
Development: 
 

1) Work done against gravity. 
 

Recall: W = Fd  where:   W = work 
      F = force 

       d = displacement 
 
 
 
Previously, the force applied to the object was in the horizontal direction. 
When we do work against gravity we must apply a force equal to the objects 
weight in the vertical direction. 
 
So, we can rewrite our equation as follows: 
 
Wg = Fgd   where:  Wg = work done against gravity 
      Fg = mg (the objects weight) 
      d = displacement 
 
 

2) From our demo: 
 
Answer: The force needed to lift the book is equal to that of gravity. 
 
  So;  Wg = Fg * d = mgd 
 
   Wg = 1 kg * 9.81 m/s2 * 1 m = 9.81 J 
 

3) Example 1: 
 
How much work is done in lifting a 5 kg box from the floor to a height of 
1.2m above the floor? 
 
 Wg = Fg * d = m g d = 5 kg * 9.81 m/s2 * 1.2 m = 49 N * 1.2 m = 59 J 
 
 



4) Example 2: 
 
How much work is done moving a 5 N bow from the floor to a height of 1.2m 
above the floor? 
 
 Wg = Fg * d = m g d = 5 N * 1.2 m = 49 N * 1.2 m = 6 J 
 

5) Distribute handout with practice problems. 
 

6) Go over practice problems in class. 
  

7) Homework: Handout. 
 

Summary: 
 
 During the last 2-3 minutes of class ask the students what we learned. Answers 

should include: 
 
1) Work is equal to the product of force and displacement. 
2) Gravity is the force needed to overcome to lift an object a given vertical 

distance. 
3) State the difference between mass and weight. 
 
 



Grade Level: Foundations of Engineering 
 
Units: Mechanical Work and Energy 
 

Mechanics – Work & Energy 
 
Aim: How do we describe Work? 
 
Learning Standards: 
Key Idea 4: Energy exists in many forms, and when these forms change energy is 
conserved. 
 
Performance Indicator: 
4.1: Students can observe and describe transmission of various forms of energy. 
 
Materials Needed: 
Pen or Pencil 
Notebook 
Rolling Carts 
1 kg masses 
 
Students should be able to: 

1) Observe and explain energy conversions. 
2) Determine the work done on an object. 
3) Comprehend that work is equal to force times displacement. 
 

Motivation: 
 

A student will be placed on a rolling cart. I will than pull the cart across 
the room. In doing so, I will apply a force over a certain distance. In contrast I 
will apply a force to the wall. During this time I will have a student hold a 1kg 
mass in each hand fully extended. I will than ask the students tell me the 
difference between the scenarios. 

 
Expected responses: A force was applied to the cart and it was displaced. 

A force was applied to the wall and the wall was not displaced. The student 
applies a force to hold the masses at the same level. 

 
In which case was work done? 

 
Development: 
 

1) Work is equal to force times displacement. 
 

W = F * d  where: W = work 
    F = Force 



    d = displacement 
2) Units of Work: 

 
W = F * d 
    = N * m = Joule (J) 

 
3) Example of work. From our demo. 

 
Let’s assume I applied a 100 N force over a distance of 2 meters. How much 
work did we do? 
 
W = F * d = 100 N * 2 m = 200 J 

 
 

4) Example: 
 
A 2.2 kg mass is pulled by a 30 Newton force trough a distance of 5.0 meters. 
How much work is done? 
 
W = F * d 
 
W = 30 Newtons * 5.0 meters 
 
W = 150 joules 

 
5) Try on your own: 
 

A 150 N force pulls 10 kg cart up an incline a distance of 2m. The force is 
parallel to the incline. How much work is done? 
 
W = F * d = 150 N * 2 m = 300 J 

  
 Since the force was in the same direction of motion it is simply F*d. 

 
6) H.W. Handout #1 
 
 

Summary: 
 
 During the last 2-3 minutes of class ask the students what we learned. Answers 

should include: 
 
1) Work is equal to force times distance. 
2) Only the force in the direction of motion does work. 
3) The units of work is a Joule (J). 
 



Electrical)Energy)and)Power)

Curricular)Goals)

Students)will)be)able)to)do:)

• Recognize)the)components)of)simple)series)circuit)schematically.)
• Use)Ohm’s)Law)to)analyze)a)simple)circuit.))
• Use)a)multimeter)to)measure)voltage,)current,)and)resistance)in)a)simple)circuit.)
• Apply)P=VI)to)calculate)the)power)in)a)simple)circuit.)
• Determine)the)efficiency)of)an)electrical)system.)

NYS)Learning)Standard:)

• State)Standard)4:)Key)Idea)4.1n)

Misconceptions:)

• It)is)the)voltage)in)a)circuit)that)is)dangerous.)

Daily)Lesson)Overviews:)

A)full)lesson)plan)is)provided)for)Day)3)

Day)1Q2:)

• Aim:)How)do)we)describe)an)electric)current?)
• Materials:)Engineering)Notebook,)Calculator,)pen)or)pencil,)hand)crank)generator.)
• Motivation:))This)demonstration)will)involve)all)the)students)in)the)class)forming)a)human)

“circuit”.)

) I)will)have)all)the)students)hold)each)other’s)hands)forming)a)large)“chain”.)I)will)than)have)the)
first)and)last)student)hold)a)wire)which)will)be)connected)to)a)crank)generator.)This)generator)
will)be)connected)to)a)voltmeter)so)the)students)can)see)how)much)potential)difference)will)be)
put)across)the)“circuit”.)

) Once)this)demo)is)performed)I)will)ask)the)class)what)they)felt.)I)will)than)have)half)the)class)
perform)the)same)demo.)Once)again,)I)will)ask)them)what)they)felt.)I)will)than)have)only)two)
students)in)the)“chain”.)Then)the)demo)will)be)performed)in)one)student.)

) A)discussion)on)voltage,)current,)and)resistance)will)follow.)

• Students)will)take)notes)on)power)point)Introduction)to)Electricity.)

)

)



Day)3:)

• Aim:)How)do)we)use)Ohm’s)Law)to)analyze)a)simple)circuit?)
• Materials:)Engineering)Notebook,)Calculator,)Pen)or)Pencil.)
• Students)will)take)notes)on)how)to)represent)circuit)components)schematically.)
• Ohm’s)Law)will)officially)be)introduced)V=IR.)
• Students)will)take)notes)on)how)to)solve)various)examples)of)using)Ohm’s)Law)to)solve)for)

Voltage,)Current,)and)Resistance)in)a)simple)circuit.)
• Homework:)Handout)#1)Ohm’s)Law)Problems.)

Day)4Q5:)

• Aim:)How)do)we)construct)and)analyze)a)simple)circuit?)
• Materials:)Engineering)Notebook,)Calculator,)Pen)or)Pencil,)Handout)#2)Electrical)Circuit)

Activity,)and)various)fischertechnik)electrical)components.)
• After)a)discussion)on)where)to)find)electrical)components)students)will)work)on)Electrical)

Circuits)Activity)in)groups)of)2Q3)students.)
• This)activity)will)take)two)periods.)
• Homework:)Finish)any)calculations)in)Electrical)Circuits)Activity.)

Day)6:)

• Aim:)How)do)we)describe)Electrical)Power?)
• Materials:)Engineering)Notebook,)Calculator,)Pen)or)Pencil.)
• Motivation:)A)PreQAssembled)Mechanical)Winch)System)will)be)demonstrated)to)the)class.)A)

discussion)on)Electrical)Power)and)Efficiency)will)follow.)
• Students)will)take)notes)on)Electrical)Power)and)efficiency.)
• Homework:)Handout)#3)on)Electrical)Power)and)Efficiency.)

)

Day)7:)

• Aim:)How)do)we)determine)the)Electrical)Efficiency)of)a)Mechanical)System?)
• Materials:)Handout)#4)Mechanical)Efficiency)Activity,)and)various)fischertechnik)electrical)

components.)
• After)a)discussion)on)where)to)find)electrical)components)students)will)work)on)Handout)#4)in)

groups)of)2Q3)students.)
)
)
)
)
)
)



Day)8Q9:)
• Aim:)How)do)we)determine)the)Electrical)Efficiency)of)a)Mechanical)System?)
• Materials:)Engineering)Notebook,)Calculator,)Pen)or)Pencil,)Handout)#5)Mechanical)Efficiency)

Activity,)and)various)fischertechnik)electrical)components.)
• After)a)discussion)on)where)to)find)electrical)components)students)will)work)on)Electrical)

Circuits)Activity)in)groups)of)2Q3)students.)
• This)activity)will)take)two)periods.)
• Homework:)Finish)any)calculations)in)Handout)#5.)

)

Day)10:)

• Have)students)do)practice)problems,)handout)#6,)in)class.)
• Go)over)problems.)
• Homework:)Study)for)unit)test.)

Day)11:)

• Unit)test:)Simple)Circuits,)Electrical)Power,)and)Efficiency.)
)



Introduction to Electricity 



Electricity 

 Movement of electrons 

 Invisible force that provides 

  light, heat, sound, motion . . . 



Electricity at the Atomic Level 
Elements - The simplest form of matter  

Atoms - Smallest piece of an element containing all of 
the properties of that element 



Components of an Atom 

Nucleus 
The center portion of 
an atom containing the 
protons and neutrons 
Protons 
Positively charged 
atomic particles 
Neutrons 
Uncharged atomic 
particles 

Electricity at the Atomic Level 



Atomic Number 
The atomic number is 
equal to the number of 
protons in the nucleus 
of an atom.  
 
The atomic number 
identifies the element. 
 

How many 
protons are in 
this nucleus?  

Electricity at the Atomic Level 



Negatively charged 
particles 

Electron Orbitals 
Orbits in which 
electrons move around 
the nucleus of an atom  

Valence Electrons 
The outermost ring of 
electrons in an atom  

3D 2D 

Electricity at the Atomic Level 

Electrons 



Electron Orbits 
Orbit 

Number 
Maximum 
Electrons 

1 

2 

3 

4 

Valence 
Orbit 

2 

32 

18 

8 

8 
Orbits closest to the nucleus fill first 

Electricity at the Atomic Level 



Electron Orbits 
Atoms like to have their valence ring either 
filled (8) or empty(0) of electrons. 

How many electrons are 
in the valence orbit?  

Electricity at the Atomic Level 

Copper 

Cu  
29 

1 

Is copper a conductor 
or insulator? Conductor 

Why? 



How many electrons are in the valence orbit? 

6 

Is Sulfur a conductor or insulator? 

Insulator 

Why? 

Electricity at the Atomic Level 

Sulfur 

S  
16 

Electron Orbits 



Electron Flow 
An electron from one orbit can knock out an 
electron from another orbit. 

When an atom loses an 
electron, it seeks another 
to fill the vacancy. 

Electricity at the Atomic Level 

Copper 

Cu  
29 



Electron Flow 
Electricity is created as electrons collide and 
transfer from atom to atom. 

Play Animation 

Electricity at the Atomic Level 



Conductors and Insulators 

Conductors Insulators 

Electrons flow easily 
between atoms 
 
1-3 valence electrons in 
outer orbit 
 
Examples: Silver, 
Copper, Gold, Aluminum 
 
 

Electron flow is difficult 
between atoms 
 
5-8 valence electrons in 
outer orbit 
 
Examples: Mica, Glass, 
Quartz 
 
 



Conductors and Insulators 
Identify conductors and insulators 

Conductors Insulators 



Electrical Circuit 
A system of conductors and components 
forming a complete path for current to travel 
 
Properties of an electrical circuit include 

 Voltage   Volts   V 
 Current   Amps   A 
 Resistance  Ohms   Ω 

 



Current 
The flow of electric charge 

When the faucet (switch) is off, 
is there any flow (current)?   
NO 
When the faucet (switch) is on, 
is there any flow (current)?   
YES 

Tank (Battery) Faucet (Switch) 

Pipe (Wiring) 

- measured in AMPERES (A)  



Current in a Circuit 

When the switch is off, there is no current. 

When the switch is on, there is current. 

off on off on 



Current Flow 
 Conventional Current assumes 
that current flows out of the positive 
side of the battery, through the 
circuit, and back to the negative 
side of the battery. This was the 
convention established when 
electricity was first discovered, but 
it is incorrect! 
 Electron Flow is what actually 
happens. The electrons flow out of 
the negative side of the battery, 
through the circuit, and back to the 
positive side of the battery. 

Electron 
Flow 

Conventional  
Current 



Engineering vs. Science 
 The direction that the current flows does not affect what the 
current is doing; thus, it doesn�t make any difference which 
convention is used as long as you are consistent. 

 Both Conventional Current and Electron Flow are used. In 
general, the science disciplines use Electron Flow, whereas 
the engineering disciplines use Conventional Current. 
 Since this is an engineering course, we will use Conventional 
Current . 

Electron 
Flow 

Conventional  
Current 



Voltage 
The force (pressure) that causes 
current to flow 

When the faucet (switch) is off, is there any pressure (voltage)?   
YES – Pressure (voltage) is pushing against the pipe, tank, and 
the faucet.  
When the faucet (switch) is on, is there any pressure (voltage)?   
YES – Pressure (voltage) pushes flow (current) through the 
system. 

Tank (Battery) Faucet (Switch) 

Pipe (Wiring) 

- measured in VOLTS (V)  



Voltage in a Circuit 

The battery provides voltage that will push 
current through the bulb when the switch is on. 

off on off on 



Resistance 
The opposition of current flow 

What happens to the flow (current) if a rock gets 
lodged in the pipe?   
Flow (current) decreases. 

Tank (Battery) Faucet (Switch) 

Pipe (Wiring) 

- measured in Ohms (Ω)  



Resistance in a Circuit 

Resistors are components that create resistance. 
Reducing current causes the bulb to become 
more dim. 

off on 

Resistor 



Multimeter 
An instrument used to measure the 
properties of an electrical circuit, 
including 

 Voltage   Volts 
 Current   Amps 
 Resistance  Ohms 



Measuring Voltage 
Set multimeter to the proper V range.  
Measure across a component. 

Light 

Resistor 

Battery 

Switch 



Measuring Current 
Set multimeter to the proper ADC range. 
Circuit flow must go through the meter. 
 

Light 

Resistor 

Battery 

Switch 



Measuring Resistance 
Set multimeter to the proper Ohms range.  
Measure across the component being tested. 
Power must be off or removed from the circuit. 
 

Light 

Resistor 

Battery 

Switch 



Ohm�s Law 

Quantities Abbreviations Units Symbols 
Voltage V Volts V 
Current I Amperes A 

Resistance R Ohms Ω 

If you know 2 of the 3 quantities, you can solve for the third. 

V=IR I=V/R R=V/I 

The mathematical relationship between current, voltage, 
and resistance 

Current in a resistor varies in direct proportion to the 
voltage applied to it and is inversely proportional to the 
resistor�s value 



Ohm�s Law Chart 

V 
I R �

Cover the quantity that is unknown. 

Solve for V 

V=IR 



V 
I R I=V/R 

Ohm�s Law Chart 
Cover the quantity that is unknown. 

Solve for I 



V 
I R R=V/I 

Ohm�s Law Chart 
Cover the quantity that is unknown. 

Solve for R 



Example: Ohm�s Law 
The flashlight shown uses a 6 volt battery 
and has a bulb with a resistance of 150 Ω. 
When the flashlight is on, how much 
current will be drawn from the battery? 

VT = 
+ 
 
- 

VR 

IR 
Schematic Diagram 

mA 40  A 0.04  
 150
V 6

R
V  I R

R ==
Ω

==

V 

I R 



Circuit Configuration 

Series Circuits 
•  Components are 

connected end-to-end. 
•  There is only a single 

path for current to flow. 

Parallel Circuits 
•  Both ends of the components 

are connected together. 
•  There are multiple paths for 

current to flow. 

Components  
(i.e., resistors, batteries, capacitors, etc.) 

Components in a circuit can be connected in one 
of two ways. 



Kirchhoff�s Laws 
Kirchhoff�s Voltage Law (KVL): 

The sum of all of the voltage drops in a 
series circuit equals the total applied voltage 

 

Kirchhoff�s Current Law (KCL): 
The total current in a parallel circuit equals 
the sum of the individual branch currents 

 



Series Circuits 
A circuit that contains only one path for current flow  

If the path is open anywhere in the circuit, current 
stops flowing to all components. 



Characteristics of a series circuit 
•  The current flowing through every series component is 

equal. 
•  The total resistance (RT) is equal to the sum of all of the 

resistances (i.e., R1 + R2 + R3). 
•  The sum of all of the voltage drops (VR1 + VR2 + VR3) is 

equal to the total applied voltage (VT). This is called 
Kirchhoff�s Voltage Law. 

 

VT 

+ 

- 

VR2 

+ 

- 

VR1 
+ - 

VR3 

+ - RT 

IT 

Series Circuits 



Example: Series Circuit 
For the series circuit shown, use the laws of circuit theory to 
calculate the following: 

•  The total resistance (RT) 
•  The current flowing through each component (IT, IR1, IR2, & 

IR3) 
•  The voltage across each component (VT, VR1, VR2, & VR3) 
•  Use the results to verify Kirchhoff�s Voltage Law. 

VT 

+ 

- 

VR2 

+ 

- 

VR1 + - 

VR3 

+ - RT 

IT 

IR1 

IR3 

IR2 



Solution: 

V 

I R 

TR   R1  R2  R3= + +
Total Resistance: 

T
T

T

VI       (Ohm's Law)
R

=

Current Through Each Component: 

Example: Series Circuit 

TR   220   470   1.2 k= Ω + Ω + Ω

TR   1890   1.89 k= Ω = Ω

T
12 vI   6.349 mAmp

1.89 k
= =

Ω

T R1 R2 R3

Since this is a series circuit:
I   I   I  I 6.349 mAmp= = = =



R1 R1V   I R1     (Ohm's Law) = × =

Voltage Across Each Component: 

V 

I R 

Example: Series Circuit 
Solution: 

R1V   6.349 mA 220 Ω 1.397 volts= × =

R2 R2V   I R2  (Ohm's Law) = ×

R2V   6.349 mA 470 Ω 2.984 volts= × =

R3 R3V   I R3  (Ohm's Law) = ×

R3V   6.349 mA 1.2 K Ω 7.619 volts= × =



T R1 R2 R3V   V V V= + +

Verify Kirchhoff�s Voltage Law: 

Example: Series Circuit 
Solution: 

1.397 2.984 7.61912 v   v  v  v= + +

12 v  12 v=



Parallel Circuits 
 A circuit that contains more than one path for 
current flow 

If a component is removed, then it is possible 
for the current to take another path to reach 
other components. 



Characteristics of a Parallel Circuit 
•  The voltage across every parallel component is equal. 
•  The total resistance (RT) is equal to the reciprocal of the 

sum of the reciprocal: 

•  The sum of all of the currents in each branch (IR1 + IR2 + 
IR3) is equal to the total current (IT). This is called 
Kirchhoff�s Current Law. 
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Parallel Circuits 



For the parallel circuit shown, use the laws of circuit theory to 
calculate the following: 

•  The total resistance (RT) 

•  The voltage across each component (VT, VR1, VR2, & VR3) 

•  The current flowing through each component (IT, IR1, IR2, & 
IR3) 

•  Use the results to verify Kirchhoff�s Current Law. 
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Example Parallel Circuits 



Total Resistance: 

volts 15V  V  V V
:circuit parallel a is this Since

R3R2R1T ====

1
1 1 1T

1 2 3

R  
    

R R R

=
+ +

Voltage Across Each Component: 

Solution: 
Example Parallel Circuits 

1
1 1 1TR  

    
470 2.2 k 3.3 k

=
+ +

Ω Ω Ω

346.59TR  = Ω



R1
R1

VI      (Ohm's Law) 
R1

=

V 

I R 

Current Through Each Component: 
Solution: 

Example Parallel Circuits 

R1
R1

V 15 vI     31.915 mAmps
R1 470 

= = =
Ω

R2
R2

V 15 vI     6.818 mAmps
R2 2.2 k 

= = =
Ω

.545R3
R3

V 15 vI     4  mAmp 
R3 3.3 k 

= = =
Ω

T
T

T

V 15 vI     43.278 mAmp 
R 346.59 

= = =
Ω



Verify Kirchhoff�s Current Law: 

T R1 R2 R3I   I II= + +

Solution: 
Example Parallel Circuits 

6.818 4.54543.278 mAmps  31.915 mA   mA mA= + +

43.278 mAmps  43.278 mAmps=



Combination Circuits 
 Contain both series and parallel arrangements 

 
 What would happen if you removed light 1? light 
2? light 3? 

 

1 

2 3 



Electrical Power 

= •P I V

Electrical power is directly related to 
the amount of current and voltage  
within a system. 

Power is measured in watts 



Image Resources 

 
Microsoft, Inc. (2008). Clip Art. Retrieved November 20, 2008, from 

http://office.microsoft.com/en-us/clipart/default.aspx 
 



Grade Level: Foundations of Engineering 
 
Unit: Electrical Energy 
 

Electricity & Magnetism – Current Electricity (Day I) 
 
Aim: How do we describe Ohm’s Law 
 
Learning Standards: 
Key Idea 4: Energy exists in many forms, and when these forms change energy is 
conserved. 
 
Performance Indicator: 
4.1n: A circuit is a closed path in which a current can exist. 
 
Materials Needed: 
Hand Crank Generator 
Voltmeter/Ampmeter 
Conducting Wire 
Paper 
Notebook 
 
Students should be able to: 

1) Understand a Circuit is a closed path that an electrical current can flow. 
2) Recognize the symbols used in circuit diagrams. 
3) Comprehend that current is the amount of charge flowing per unit time. 
4) Solve problems using Ohm’s law. 
 

Motivation: 
 
 This demonstration will involve all the students in the class forming a human 

“circuit”. 
 
 I will have all the students hold each others hands forming a large “chain”. I will 

than have the first and last student hold a wire which will be connected to a crank 
generator. This generator will be connected to a voltmeter so the students can see 
how much potential difference will be put across the “circuit”. 

 
 Once this demo is performed I will ask the class what they felt. I will than have 

half the class perform the same demo. Once again, I will ask them what they felt. 
I will than have only two students in the “chain”. Then the demo will be 
performed in one student. 

 
 
 
 



 Questions: 
 
 What did we do by having the whole class hold hands? 
 
 Answer: We made a circuit. 
 
 What did we notice when we reduced the number of students in the “circuit”? 
 
 Answer: We reduced the resistance allowing more current to flow. Resistance 

limits or controls the amount of current that can flow. 
 

Development: 
 

1) Current Electricity or Circuits – Flow of Charge 
 

Current is equal to the charge passing a point in a circuit per unit time. 
 
Current (I) = Charge (q) / Time (s) 
 
I = q / t  where: I = current 
    q = charge 
    t = time 
 

2) Units of Current is called the Ampere (A) 
 

Ampere (A) = Coulomb (C) / time (s) 
 
3) Example: 

 
What is the current in a circuit if 15 C of charge passes a given pt. in 3 s? 
 
I = q / t = 15 C / 3 s = 5 A 

 
4) Symbols – overhead and reference table. 
 
5) Resistance – Controls or limits the flow of current in a circuit. It is measured 

in Ohm’s (Ω). 
 
 
 
 
 
 
 
 



6) Simple Circuit Analogy – A simple circuit is analogous to pumping water in a 
hose. 

 

 
7) Ohm’s Law 
 

The relationship of current, potential difference (voltage) and resistance is 
given by Ohm’s Law. It state’s the following: 
 
The resistance in a circuit is equal to the potential difference divided by the 
current. 
 
R = V / I  Where:  R = Resistance (Ω) 
     V = Potential Difference (V) 

     I = Current (A) 
 
8) Example: 

A potential difference of 120 V is place across a 6 Ω resistor. 
1) Find the current in the circuit. 
2) Find the number of Coulombs passing point A in 30s. 

 
 

Resistor 

Wire 

Battery – electrical pump 
Pump Low Pressure High Pressure 

Pump creates high and low pressure 
zones to induce flow. 

R = 6 Ω 

V = 120 V 

A 

1) R = V / I; 6 Ω = 120 V / I 
 

I = 120V / 6Ω = 20 A 
 

2) I = q / t; 20 A = q / 30s 
 

q = 20 A * 30s = 600 C 



9) HW: Handout #1 
 

Summary: 
 

During the last 3-5 minutes of class ask the students what we learned. Answers 
should include: 

 
1) A circuit is a path for which current can flow. 
2) Ohm’s Law provides a relationship between Current, Resistance and Potential 

Difference. 
3) A resistor controls the amount of flow in a circuit. 
4) Current is measured in Amperes and it is the amount of charge flowing per 

unit time. 
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Homework(Ohm’s(Law(

(

1) In(a(simple(series(circuit,(12(V(is(applied(across(a(circuit(which(has(a(4(Ω resistance.(Find(the(
current(in(the(circuit.(

(

(

(

2) If(the(current(in(a(wire(is(2(Amps(and(the(voltage(across(the(wire(is(10(V,(find(the(resistance.(

(

(

(

3) Which(voltage(would(cause(a(current(of(0.5(Amps(in(a(circuit(that(has(a(resistance(of(24(Ω?(

(

(

(

4) A(330(Ω(resistor(is(connected(to(a(5.0(V(battery.(Find(the(current(in(the(resistor.(

(

(

(

(

5) In(a(flashlight,(a(battery(provides(a(total(of(3.0(V(to(a(bulb.(If(the(bulb(has(an(operating(
resistance(of(5.0(Ω,(find(the(current(through(the(bulb.(

(

(

(

(
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6) In(a(simple(series(circuit,(the(resistance(is(doubled(while(the(voltage(remains(the(same.(Describe(
the(change(in(current(of(this(circuit.(

(

(

(

7) The(current(through(a(10(Ω(resistor(is(1.2(Amps.(What(is(the(voltage(applied(to(the(circuit?(

(

(

(

8) The(voltage(across(a(resistor(measure(40(V(and(the(current(through(it(measures(4.0(Amps.(
Determine(the(circuits(resistance.(
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NAME__________________& & &
$

Electrical&Circuits&
$

$
Introduction&
$
Since the late 1800s, engineers have 
designed systems to utilize electrical 
energy due to its ability to be converted, 
stored, transmitted, and reconverted 
efficiently into other forms of energy. In 
the 21st century, electrical energy 
production, distribution, and application 
have become consumer driven. Today’s 
consumer utilizes electrical energy in all 
aspects of life, from cell phones and 
computers to refrigeration and heating 
and cooling systems, and even 
transportation. Electrical energy, 
depending on its geographic location, is 
converted from mechanical energy, 
chemical energy, light energy, and 
thermo energy before it reaches the 
consumer.   

 
Regardless of the conversion process, 
electrical energy consists of three basic 
components: current, voltage, and 
resistance. Current is the net transfer of 
electric charge per unit of time. Voltage 
is the amount of work to move a charge 
from one point to another. Resistance is 
the opposition to the flow of current. 
Understanding the relationship between 
current, voltage, and resistance allows 
engineers to design efficient, safe, and 
functional electrical circuits. Electrical 
circuits consist of the following: an 
energy source to provide voltage, 
conductors which have free electrons to 
allow current travel, insulators to limit 
current travel, and a load. Electrical 
circuits provide an uninterrupted path for 

current travel and are broken into two 
distinct categories of design: series 
circuits and parallel circuits.   

  
Equipment$$
$

• Engineering notebook 
• Digital multimeter (Voltage, 

Resistance, and Current) 
• fischertechnik® components 

o Light bulbs or LEDs 
o Single wire and flat plugs 

(split from pair wire to 
single) 

o Mini switches 
o Interface 
o Power supply 
o 2 blade propeller 
o 4 blade propeller 
o Propeller pointed adapter 
o Solar-Micromotor 0.5-2V 
o S-Motor 6-9V 

&
Procedure&
&
This activity will provide you with an 
introduction to voltage, current, 
resistance, simple series circuits, and 
Ohm’s Law. Your team will construct 
circuits using various fischertechnik 
components. You will use a digital 
multimeter to measure properties within 
the circuit. 
$
$
$
$

$
$
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$ $ $
Introduction to Electric Circuits 

Electric Circuit Schematics 

Schematics are diagrams consisting of symbol representations and configurations of 
electrical components within a circuit. The table below illustrates circuit symbols to 
be used within schematics throughout this lab. 
 

Symbol Pictorial Component 

  

Power supply 

 
 

Ground 

  
Conductive wire 

(Single wire flat plug) 

  
Resistor 

  

Open switch 
Closed switch 

 
 

Light bulb 

 

 

 

Voltmeter 
(Voltage readings) 

V 

 

Ammeter 
(Current readings) 

I 

 

Multimeter 
(Resistance readings) 

Ω 

 

 

Solar-Micromotor 
(Generator) 

 

 

S-Motor 6-9V 
(Motor) 

G 

M 
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Ohm’s Law 
The relationship between current, voltage, and resistance within an electrical circuit 
was developed by Georg Simon Ohm and is known today as Ohm’s law. Ohm’s law 
states that the direct current flowing in an electric circuit is directly proportional to 
the voltage applied to the circuit. In other words, an electric circuit represents the 
flow of electrons along a conductive pathway between two points. This flow of 
electrons is referred to as current. What causes the electrons to move? Electromotive 
force, or voltage, causes the electrons to flow. Voltage refers to the potential 
difference (i.e., the amount of work to be done) to move a charge from one point to 
another along an electric circuit. While electrons continuously flow along a given 
circuit, opposition to their movement is referred to as resistance.  

 
It is important to understand the mathematical equation for Ohm’s law. Use the 
Ohm’s law table provided to work through activity practice problems and lab 
calculations.   

 

Ohm’s Law 

Equation Variables Units Unit Symbols 

cetansisRe
Voltage

Current =    = =  

(Voltage or Electromotive) 
Ohms
VoltsAmpere =  

Ω
=
VA  
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Practice Calculations 

 Draw the circuit schematic. 
Identify the known and unknown values for each circuit. 
Provide the appropriate unit for each measurement. 
Show all steps for each calculation. 

 
1. On a camping trip, you decide to use a cordless air pump to inflate an inflatable 

mattress. If the air pump is powered by a 9 volt battery with a resistance of 18 ohms, 
what is the amount of current flowing through the circuit?  

 
Draw Schematic: 
 
 
 
 
 
 
 
Solve for Current: 
 
 
 
 
 
 
 

1. A “DJ” uses a 110 volt outlet to plug in a strobe light. If the current flowing 
through the light is 0.05 amps, how much resistance is within the circuit? 

 

Draw Schematic: 
 

 
 

 
 

Solve for Current: 
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Constructing Circuits 
Your team will construct a series and parallel circuit using the steps provided below.  
Creating a Series Circuit 

1. Wire preparation –  
a. Cut sections of the fischertechnik wires approximately 6 in. long. 

b. Completely separate the two strands of the wire so that you have two 
individual strands of wire.  

c. Strip 3/8 in. of wire insulation from each end of the wire.   
d. Fold the striped wire ends down over the wire insulation.  

e.  Insert each individual folded wire end into the wire socket on the end of a 
flat wire plug.  

f. Secure the folded wire end within the flat plug by tightening the screw on 
the edge of the flat plug. 

Connect the proper power supply to the fischertechnik interface. 
2. Configure your multimeter to the DC mode 20V range setting. Place the red 

multimeter lead into the 9V + power output socket and the black lead into the 
ground socket ┴ on the interface. Record the voltage reading in the space 
provided below. 

  Voltage _________Volts (V) 
 

3. Construct the circuit displayed below with the switch in the normally open 
position (holes 1 and 3). Check the voltage across the light bulb. Record the 
measurements in the space provided below the image.   

  
 

Voltage across bulb _______V 
 

 

4. Press and hold the switch so the light remains on. Obtain the voltage 
measurements across the bulb and the power supply. Record the measurements in 
the space provided below. 

    Bulb _______V  Power Supply __________V 
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5. Check the current through the light bulb. Switch the multimeter to DC current 
(DC A) at or above 200mA. Note: DC A indicates that the measurement will be 
obtained in amperes. Disconnect the two plugs from the switch and connect one 
plug to each lead of the multimeter. The light will illuminate, and a measurement 
will be displayed on the multimeter. Record the measurements in the space 
provided below. 

 

Current _____________mA    
  
(convert to Amps) Current ______________A 

 
 

6. Use the voltage (V) for the bulb in step 4 and the current (I) in step 5 to determine 
the resistance of the bulb.  
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Practice with a Series Circuit 

Use the image below to create a series circuit.  

        
 

Current total ______________ A  Voltage across interface 
_________ V 
 
Voltage across 1st Bulb _________ V  Voltage across 2nd Bulb _______ 
V 

 
Press and hold the switch. Record the new readings for the circuit. 
Current ______________ A   Voltage across interface 
_________ V 
 
Voltage across 1st Bulb _________ V  Voltage across 2nd Bulb _______ 
V 
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Practice with an Electrical Generation Circuit 

1.  Use the image below to create an electrical generation circuit.  

 
2. Align the fan and wind turbine so that the turbine spins at its peak rpm and 

record the following readings. 
Current ______________A   Voltage _________V 
 
 

3. Create a series wind turbine circuit using two wind turbines spinning at 
peak rpm.    

 

Current ______________A 
 
Voltage _________V 

 

4. Create a parallel wind turbine circuit using two wind turbines spinning at 
peak rpm.    

 

Current ______________A 
 
Voltage _________V 
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Homework(Electrical(Power(

(

1) If(a(motor(lifts(a(400(kg(mass(a(vertical(distance(of(10(meters(in8.0(seconds,(determine(power(

developed(by(the(motor.((Hint:(Recall(Mechanical(Power)(

(

(

(

2) A(lamp(operates(at(10(V(and(draws(a(current(of(.5(Amps(for(60(seconds.(Find(the(power(

developed(in(the(circuit.(

(

(

(

3) If(the(voltage(in(a(circuit(is(doubled,(describe(what(happens(to(the(power(developed(in(the(

circuit.(

(

(

(

4) A(microwave(oven(operating(at(120(Vis(used(to(heat(a(hotdog.(If(the(oven(draws(12.5(Amps(of(

current,(determine(the(power(developed(by(the(oven.(

(

(

(

(

5) A(3.6(V(battery(is(used(to(operate(a(cell(phone(for(5.0(minutes.(If(the(cell(phone(dissipates(0.064(

watts(of(power(during(its(operation,(determine(the(current(which(passes(through(the(phone.(

(

(
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(

6) In(a(simple(series(circuit,(the(resistance(is(doubled(while(the(voltage(remains(the(same.(Describe(

the(change(in(current(of(this(circuit.(

(

(

(

7) A(120(V(toaster(is(rated(at(600(watts.(Determine(the(current(in(the(toaster.(

(

(

(

(
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Electrical Efficiency of a Mechanical System 
 
Equipment 

~30 in. masonry line 
Weights approximately 100 g or 3.5 oz 
Wire 
Paperclip 
 
fischertechnik® components: 
a. Base plate x1 

 

 k. Building 
block 7.5 mm 

x1 

 
b. Interface x1   l. Building 

block 30 mm 
x7 

 
c. Power 

supply 
x1 

 

 m. Building 
block 30 mm 
with bore 

x2 

 
d. Flat plug 

green 
x4 

 

 n. Building 
block 15 mm 

x3 

 
e. Flat plug 

red 
x4 

 

 o. Building 
block 15 mm 
with 2 pins 

x4 

 
f. Mini-switch x1 

 

 p. Gear wheel 
40 

x1 

 
g. Gear 

support 
with worm 

x1 

 

 q. Metal axle 90 
mm 

x2 

 

h. Motor 
reducing 
gearbox 

x1 

 

 r. S-motor x1 

 
i. Hub nut x1 

 
 s. Flat hub 

chuck 
x1 

 
j. Winch 

drum 
x1 

 

 t. Clip 10 with 
spring ring 

x2 
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Procedure 
Subassembly 1: Attach end to end two 30mm building 

blocks. 
 

Subassembly 2: Attach end to end two 30mm building 
blocks. Attach mini-switch to 30mm 
building block side without bore and end 
without pin. 

 
Subassembly 3: Attach end to end 30mm building block 

to 30mm building block with bore. 
Attach15mm building block with two pins 
to end of 30mm building block.   

Subassembly 4: Attach gear support with worm to S-
motor output. Attach 15mm building 
block with 2 pins to side of S-motor. 
Attach end to end 15mm building block 
with 2 pins and 15 mm building block. 
Attach 15mm subassembly to side of S-
motor.  

Subassembly 5: Attach subassembly 1 and 2 to 
subassembly 3 and 4 as shown. 

 
Subassembly 6: Attach end to end building block 30mm 

with bore to building block 30mm. Attach 
end of building block 15mm to building 
block 30mm.  

Subassembly 7: Attach building block 15mm with 2 pins 
to building block 30mm at 90°. Attach 
end to end building block 15 mm to 
building block 15mm with two pins. 

 
Subassembly 8: Attach subassembly 6 to subassembly 

7. 
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Subassembly 9: Attach subassembly 8 to subassembly 
5. 

 
Subassembly 10: Attach building block 7.5mm to winch 

drum. Attach winch drum to end of metal 
axle 90mm. Slide clip 10 with spring ring 
onto metal axle 90mm until it touches 
winch drum. Attach end of masonry line 
to building block 7.5mm. 

 

Subassembly 11: Insert subassembly 10 into building 
block 30mm with bore in subassembly 5. 
Assemble gear wheel 40, flat hub chuck, 
and hub nut. Attach gear wheel 
assembly to metal axle 90mm. Slide 
metal axle 90mm into building block 
30mm with bore in support arm 
(subassembly 8).  

Subassembly 12: Slide metal axle 90mm into support arm 
(subassembly 8). Drape masonry line 
over metal axle 90mm.   

 
Subassembly 13: Bend paperclip into hook shape and 

attach to masonry line. Attach 100g 
weight to paperclip. 

 
Wiring 1: Make two sets of wire with red and 

green flat plugs on each end.  Set 1 
should measure 12 in. long and set 2 
should measure 6 in. long.   

 

Wiring 2: Insert wire set 1 flat plug green into ┴ 
and flat plug red into + on interface.   
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Wiring 3: Insert wire set 1 remaining flat plug 
green into mini-switch socket #3. Insert 
wire set 2 flat plug green into mini-switch 
socket #1. 

 
Wiring 4: Insert wire set 1 and wire set 2 flat plugs 

red into each other.   

 
Wiring 5: Insert wire set 2 flat plug red and flat 

plug green into S-motor sockets. 

 
 

Creating the Entire System 

  
 

Connect power supply to interface and test the device to ensure that the motor runs 
when the switch is pushed. Make sure that the gears mesh well together.  
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NAME__________________& & &
&

Electrical&Efficiency&of&a&Mechanical&System$
$
Introduction&
$
Energy cannot be created or destroyed, 
but energy can be converted from one 
form to another. By design, an engineer 
creates an energy conversion system to 
change an input energy form into a 
desired output energy form. However, 
within a conversion system, input energy 
can be changed into less desirable forms 
of energy. Less desirable forms of 
energy conversion can occur due to 
resistance and friction, resulting in 
thermo energy conversion. Engineers 
strive to decrease undesirable energy 
conversions within a system, or energy 
losses, by planning with system 
efficiency in mind. Efficiency is the ratio 
of desired output energy compared to 

input energy. 
output

Efficiency
input

=    

 
A common form of energy conversion 
today occurs through electromagnetic 
induction. Electromagnetic induction 
transfers mechanical energy into 
electrical energy. The electrical energy is 
then transmitted to industries and homes 
to be used in a variety of ways, many of 

which include conversion back to 
mechanical energy.  

  
&
Equipment$$
$

• Winch system and materials from 
Activity 1.2.5a Mechanical 
Efficiency Winch 

• Permanent marker 
• Multimeter 
• Stopwatch or other device for 

timing seconds 
&
Procedure&
&

In this activity you will investigate 
an energy conversion system 
designed to change electrical energy 
into mechanical energy. You will 
determine the efficiency of the 
system by collecting data regarding 
power input and output. Remember 
units and precision when recording 
data.   

$
$
$
$

$
$
$
$
$
$
$
$
$
$
$
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$
Create a Winch System to Lift a Weight 

1. Be sure that all connections and parts are functioning correctly. Make necessary 
corrections. 

 

2. Choose an approximately 100 gram weight to attach to the winch. Record the 
exact weight. 

 
Weight to be lifted = ________ g  
 
 
3. Attach the weight. Place the device so that the weight freely hangs from the edge 

of a table. 

 

4. Completely unwind the winch cable so that the weight freely hangs from the edge 
of the table. Measure 15 cm up from the end of the paperclip and mark the winch 
cable using permanent marker. This will become your winch stop point.  Measure 
30cm up from your 15cm mark and mark the winch cable using permanent 
marker. This will become your winch start point.  

 

 Length to be lifted (distance between start and stop point) = ________ cm  
 
5. Use the mini switch to operate your winch. Wind the winch cable until the start 

mark reaches the 90mm metal axle support arm. 

6. Set your multimeter to measure voltage. Connect the multimeter test leads to the 
motor terminals. 

                 
 
7. With the test leads from the multimeter connected at the S-motor, press the mini  

switch to activate the winch. Release the mini switch once the stop mark on the 
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winch cable reaches the 90mm metal axle support arm. As the winch lifts the 
100g weight, record the average voltage reading from the multimeter.  

 

Voltage = ____________ V  
 
 
8. Unwind the winch cable so that the start mark on the winch cable is lined up with 

the 90mm axle support. 

 

9. Set your multimeter to measure current. To measure current you must break the 
circuit so that current flows through the test leads. Disconnect the two red flat 
plugs and insert the multimeter test leads into each plug. 

                 
 
 
10. With the test leads from the multimeter connected at the red flat plugs, press the 

mini switch to activate the winch. Release the mini switch once the stop mark on 
the winch cable reaches the 90mm metal axle support arm. As the winch lifts the 
100g weight, record the average current reading from the multimeter.  

 

Current = ____________ A 
 
 
11. Disconnect the test leads from the red flat plugs and reconnect the red flat plugs. 

 

12. Unwind the winch cable so that the start mark on the winch cable is lined up with 
the 90mm axle support. 
 
 

13. Use a stopwatch to measure the time it takes for the winch system to lift the 100g 
weight from the start to stop mark. Record the amount of time in seconds. 
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Seconds = ____________ s 
 
 
14. Convert the following values. 

 

cm lifted = _____ meters (m) 
 
grams lifted = _____ Newton (N)  
 
current = _____ Amps(A)  
 

Work involves the amount of force (F) exerted over a specific distance (D). Work is 
not related to time. It might take more time to make a trip in an old biplane than it 
would in a jet, but both aircraft are performing the same amount of work. Use the 
following formula to determine how many joules (J) of work it took to lift the weight 
in the system. As you carry your units through to the solution, change the final 
answer from Nm to J.  

 
 

15. Determine the work done by the winch system. 

 

 

 

  

Power involves time, force, and distance. In the previous example, both planes 
completed the same amount of work because they covered the same amount of 
distance. Time was not a factor. To cover the distance faster, the jet plane uses more 
power. Use the formula below to calculate the output power of the system in watts 
(W). As you carry your units through to the solution, change the final answer from 
J/s to W. 

 
16. Determine the output power of the system. 

 

 

 

 

 

 

17. To Calculate watt power of an electrical system, multiply the current times 
voltage. Substitute and solve to discover how many watts were put into your 
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system. You do not need to show the relationship of units to solve the problem, 
but be sure to label your final answer as watts. 

 

 

 

 

 

  
18.  In order to compare the energy input versus the output, the efficiency of the 

system must be determined. Use the given formula to calculate efficiency.  
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Conclusion 
1. List and describe three factors that reduced efficiency in the winch system.  

 
 
 
 
 

2. Describe one strategy for making the system even more efficient. 
 
 
 
 
 

3. Explain two or more reasons why automotive engineers are concerned with 
eliminating inefficiency from vehicles. 
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Practice(Problems:(Electrical(Work(and(Energy(

(

1) A(television(set(has(a(voltage(of(120V(across(it(and(draws(2Ω(of(resistance.(Calculate(the(current(
flowing(through(the(television.(

(

(

(

(

(

2) Describe(what(happens(to(the(current(in(a(circuit(if(the(voltage(remains(the(same(and(the(
resistance(is(cut(in(half.(

(

(

(

(

(

3) A(220V(electric(clothes(dryer(has(10(Amps(of(flowing(through(it.(Find(the(resistance(of(the(dryer.(

(

(

(

(

(

4) A(coffee(put(has(a(resistance(of(240Ω(and(draws(0.5(Amps(of(current.(Find(the(voltage(supplied(
to(the(coffee(pot.(

(

(
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5) If(the(current(in(a(wire(is(4.0(Amps(and(the(voltage(across(the(wire(is(20(V,(determine(the(
resistance(of(the(wire.(

(

(

(

(

(

6) To(increase(the(brightness(of(a(desk(lamp,(a(student(replaces(a(60(watt(light(bulb(with(100(watt(
light(bulb.(Describe(the(resistance(and(current(in(the(60(watt(light(bulb(to(the(100(watt(light(
bulb.((Assume(voltage(across(the(two(bulbs(are(the(same)(

(

(

(

(

(

7) Three(resistors(of(10Ω,(20Ω,(and(30Ω(are(connected(in(series(to(a(120(V(source.(Which(light(bulb(
develops(the(most(power?(

(

(

(

(

(

8) An(electric(toaster(oven(has(120(V(across(it(and(draws(2(Amps(of(current.(Determine(the(power(
developed(by(the(toaster(oven.(

(

(

(
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9) An(electric(motor(lifts(a(.02(kg(mass(a(distance(of(.5(m(in(a(time(of(60(seconds.(Determine(the(
power(developed.((Hint:(Recall(mechanical(energy)(

(

(

(

(

(

10) The(motor(in(Problem(#9(draws(.05(Amps(with(a(voltage(of(9(V(across(it.(Determine(the(power(
developed(by(the(motor.(

(

(

(

(

(

11) Using(answers(from(problems(9(and(10,(determine(the(efficiency(of(the(system.(

(

(



Energy'Sources'

Curricular'Goals'

Students'will'be'able'to'do:'

• Recognize'the'different'sources'of'energy.'
• Understand'the'difference'between'renewable,'non>renewable,'and'inexhaustible'energy'

sources.''
• Realize'energy'is'the'ability'to'do'work.'
• Understand'energy'is'not'created'or'destroyed;'it'is'merely'converted'from'one'for'to'another.'
• Recognize'the'different'forms'of'energy.'

NYS'Learning'Standard:'

• State'Standard'4:'Key'Idea'4.1n'

Misconceptions:'

• Fossil'Fuels'are'limitless.'

Daily'Lesson'Overviews:'

A'full'lesson'plan'is'provided'for'Day'5'

Day'1:'

• Aim:'How'do'we'describe'the'different'forms'of'energy?'
• Materials:'Engineering'Notebook,'Calculator,'pen'or'pencil.'
• Motivation:''A'Pre>Assembled'Hydrogen'Fuel'Cell'vehicle'will'be'shown'to'the'class.'A'discussion'

on'energy'conversion'will'follow.'
• Students'will'take'notes'on'Energy'Sources'from'power'point'Energy'Sources.'

'Day'2>5:'

• Aim:'What'are'the'different'sources'of'energy?'
• Materials:'Engineering'Notebook,'internet'and'Energy'Sources'Activity'handout'#1.'
• Students'in'groups'of'2>3'will'work'together'on'Energy'Sources'Activity.'
• Each'group'work'on'their'assigned'energy'source.'
• Students'will'have'4'class'periods'to'research'their'assigned'energy'source'and'make'a'power'

point'to'be'presented'to'the'class.'

'

'

'



Day'6>7:'

• Students'will'present'their'power'points'to'the'class.'
• Allow'at'least'2'periods'for'presentations'depending'on'class'size.'

Day'8:'

• Aim:'What'is'a'Hydrogen'Fuel'Cell?'
• Materials:'Engineering'Notebook,'Pen'or'Pencil.'
• Students'will'take'notes'on'the'Fuel'Cell'and'The'Hydrogen'Fuel'Cell'Power'point.'

Day'9>12:'

• Aim:'How'do'can'we'use'hydrogen'as'a'fuel?'
• Materials:'Engineering'Notebook,'Pen'or'Pencil,'Hydrogen'Fuel'Cell'Automobile'Activity,'and'

various'fischertechnik'components.'
• After'a'discussion'on'where'to'find'components'students'will'work'on'Hydrogen'Fuel'Cell'

Automobile'Activity,'Handouts'#2>3,'in'groups'of'2>3'students.'
• This'activity'will'take'several'periods'to'build'the'car'and'test'the'automobiles.''



Energy Sources 

Nonrenewable, Renewable, & 
Inexhaustible 



Energy Sources 

Energy: The ability to do work 
Energy Sources include 

– Nonrenewable  
– Renewable 
– Inexhaustible 

 
 
The SUN is the original source  
of almost all energy sources on Earth. 



Nonrenewable Energy Sources 

Sources that cannot be replaced once used: 
 
Fossil Fuels 
• Coal 
• Oil 
• Natural Gas 

Alternative Energy: 
Any fuel that is not 
identified as a fossil 
fuel 



Nonrenewable Energy Sources 

Sources that cannot be replaced once used: 

 
Uranium 
• Nuclear energy 
(fission) 
• 20% of the 
world�s electricity 
comes from 
nuclear power 



Renewable Energy Sources 

Sources that can be replaced once used: 
•  Animals 
•  Food 
•  Biomass 

– Biofuel 
•  Ethanol 
•  Methanol 

U.S. Department of Energy 



Inexhaustible Energy Sources 

Hydroelectric 
 
Tidal 
 



Inexhaustible Energy Sources 

Geothermal 

U.S. Department of Energy 



Inexhaustible Energy Sources 

Wind 

U.S. Department of Energy 



Inexhaustible Energy Sources 

Hydrogen 

U.S. Department of Energy 



Inexhaustible Energy Sources 

Solar 

U.S. Department of Energy 

PS10 



Image Resources 

Microsoft, Inc. (n.d.). Clip Art. Retrieved January 
10, 2008, from http://office.microsoft.com/en-us/
clipart/default.aspx 

 
U.S. Department of Energy. (n.d.). Retrieved April 

16, 2008, from http://www.doe.gov/ 
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Energy Sources 
 
Purpose 

According to the United States Department of Energy, Americans spend 500 billion 
dollars each year on energy. The world is facing the challenge of significantly 
increasing energy needs. Many unique energy sources are available. To meet future 
energy needs, engineers need to design technology to contribute new ways to 
harness energy, increase efficiency, and better transport and store energy.  

 

Equipment 
• Microsoft® PowerPoint & Word 
• Internet access  
• Books, articles, and available energy resources. 

 

Procedure 
In this activity your team of two to three will choose an energy source that interests 
you. Your team will create a power point presentation about your energy source. 
Each team will present your power point to the class.. 
 
Presentation Checklist 
 
1. Preview the checklist below before you create your presentation. Check off each 

item as you prepare the preparation. 
  
_____ Have you planned to enhance statements on your slides by what you say, 
rather than to read from the slides? 
 
_____ Have you closely examined every sentence or phrase to be sure that it 
can’t be made into a word or phrase that you can elaborate on verbally? 
 
_____ Did you make sure that your chosen fonts are easy to read? 
 
_____ Is all of your text large, bold, and easy to read? 
 
_____ Are your presentation slides easy to read from the back of the room? 
 
_____ Have you used bullets or another method to distinguish between separate 
points? 
 
_____ Does your presentation stand out and seem creative? 
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_____ Do you have pictures, graphics, or animations that enhance your 
presentation? 

 
 
_____ Are you happy with your presentation? 
 
_____ Have you discussed any questions that you may have with the instructor? 

 
 
Presentation Content 

 
2. Create a power point presentation that answers the questions listed below. Insert 

any unique information or concerns related to the questions. 
o Is the energy source classified as nonrenewable, renewable, or 

inexhaustible? 
o How is the energy source made useable? 
o What are the infrastructure requirements for utilizing this energy 

source?  
o What emerging technologies will make this energy source safer, 

more useable, more efficient, cleaner, etc? 
3. Each team should prepare for and deliver their portion of the presentation to the 

class. 
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Conclusion 
1. Describe one thing that surprised you about the energy source that you 

researched and presented. 
 
 
 
 
 
 
 
 
 
2. Describe one thing that surprised you about an energy source that another team 

presented. 
 
 
 
 
 
 
 
 
 
3. Describe and defend what you believe to be the most important technological 

need regarding energy. 



 
 

Energy Sources Rubric  
  
  

Topic 3 Points 2 Points 1 Point 

Content 
 

Thoroughly and clearly states the main 
points. Text highlights the main points 
and is easy to read. 

Adequately states the main points. Text 
highlights most main points, but is a 
little too wordy and is easy to read. 
 

States few main points and details. Text 
highlights some main points, but is too 
wordy and is difficult to read. 

Slide and Time 
Lengths 

Contains two slides. The presentation is 
between three and four minutes. 

Contains two slides. The presentation is 
between two and three minutes or four 
to five minutes. 

Contains greater or less than 2 slides. 
The presentation is either less than two 
minutes or more than four minutes. 

Organization 
 

Is clearly organized into a logical 
sequence.  

Provides adequate evidence and a 
logical sequence of information.  

Has little logical organization. 

Delivery 

Effectively and creatively delivers the 
information while staying on the topic 
and considering the audience. Uses 
voice variation; interesting and vivid to 
hear. Preparation and practice is 
evident. 

Adequately delivers the information 
while staying on the topic and 
considering the audience. Speaks 
clearly and confidently. Preparation and 
practice is not evident. 

Demonstrates little or no attempt to stay 
on the topic. Does not consider the 
audience. Difficult to understand. 
Preparation and practice is not evident. 

Preparation 
Demonstrates detailed preparation and 
practice for delivery. Interesting and 
vivid.  

Demonstrates satisfactory preparation 
as well as practice for delivery. 

Demonstrates a lack of preparation and 
practice for delivery. 

References 

Provides the correct domain name, 
author, or creator under each image 
The reference page includes 
appropriate APA citations.  

Provides some incorrect domain names, 
authors, or creators under images. The 
reference page includes mostly 
appropriate APA citations.  

Is missing some domain names, 
authors, or creators under images. The 
reference page includes many APA 
citation errors. 

 
 



Hydrogen Fuel Cell 

•  It is interesting to note that as fuel use has developed through time the 
percentage of hydrogen content in the fuels has increased. 
 
•  It seems a natural progression that the fuel of the future will be hydrogen.  



Trends in the use of fuel 

Wood Coal Oil Natural
Gas

Hydrogen

Percentage of hydrogen content in fuel



21st century: fuel cells 

A fuel cell is an device which converts a source fuel into 
electrical current. 



The History of Fuel Cells 

Electrolyser Grove�s Gas Battery 
(first fuel cell, 1839) 



Applications for Fuel Cells 



Applications for Fuel Cells 

250 kW distributed cogeneration power plant 



Applications for Fuel Cells 

7 kW home cogeneration power plant 



50 W portable fuel cell with metal hydride storage 

Applications for Fuel Cells 



The Science of Fuel Cells 

Phosphoric 
Acid 

(PAFC) 

Alkaline 
(AFC) 

Polymer 
Electrolyte 
Membrane 

(PEMFC) 

Direct Methanol 

(DMFC) 

Solid Oxide 

(SOFC) 

Molten Carbonate 
(MCFC) 

Types of 
Fuel Cells 

Polymer Electrolyte 
Membrane 
(PEMFC) 

Direct Methanol 
(DMFC) 

Solid Oxide 
(SOFC) 

Fuel cells are classified by the type of electrolyte they use. 



PEM Fuel Cell Electrochemical Reactions 

 

Anode:   

 H2   2H+  +  2e-   (oxidation) 

Cathode:  

 1/2  O2  +  2e-  +  2H+     H2O (l)  (reduction) 

Overall Reaction: 

 H2  +  1/2  02      H2O (l)  

         

      



A Simple PEM Fuel Cell 



Membrane Electrode Assembly (MEA) 

O 2 

2 H 2 O 
4 H + 

N a f i o n 

4 e - 

2 

K 

H 2 

O 2 

H 2 O 

2 H 2 4 H + 
N a f i o n 

4 e - 

O 2 

2 H 2 O 
4 H + 

N a f i o n 

4 e - 
N a f i o n 

H + 

C a t a l y s i s 

T r a n s p o r t 

R e s i s t a n c e 

Anode Cathode 

Polymer 
electrolyte 

(i.e. Nafion) 
Carbon cloth Carbon cloth 

Platinum- 
catalyst 

Platinum- 
catalyst 

Oxidation 

Reduction 



Polymer Electrolyte Membrane 

Polytetrafluoroethylene (PTFE) chains 

Sulphonic Acid 

50-175 microns 
(2-7 sheets of paper) 

Water collects 
around the 
clusters of 
hydrophylic 
sulphonate 
side chains 



Hydrogen:  Energy Forever 

Fuel tank Reformer 

H2 
 

Hydrogen bottles 

H2 
 

H2 
 

Hydrogen bottles 

H2 
 

Algae 

H2 
 

Hydrogen bottles 

H2 
 

Solar panel Electrolyser 



Renewable Energy Sources 

As long as the sun shines, the wind blows or the rivers flow there 
can be clean, safe and sustainable electrical power, where and 

when required, with a solar hydrogen energy system 

Micro hydro

 
Storage

H2

Oxygen

Oxygen

WaterWater

Fuel
CellElectrolyzer

Solar Cell

Wind



Benefits of  
Fuel Cells 

Modular 

Clean 

Quiet 

Sustainable 

Efficient 

50%-60% 

Safe 

The Benefits of Fuel Cells 



Hydrogen)Fuel)Cell)



Trends in the use of fuel 

Wood Coal Oil Natural
Gas

Hydrogen

Percentage of hydrogen content in fuel



19th century:   
steam engine 

20th century: 
 internal combustion engine 

21st century: fuel cells 



The History of Fuel Cells 

Electrolyser Grove’s Gas Battery 
(first fuel cell, 1839) 
(after Larminie and Dicks, 2000) 



Bacon�s laboratory in 1955 
Photo courtesy of University of Cambridge 



NASA Space Shuttle fuel cell 
Photo courtesy of NASA 



Applications for Fuel Cells 

 Transportation vehicles 

   

Photo courtesy of DaimlerChrysler 

NECAR 5 



Distributed power stations 

Photo courtesy of Ballard Power Systems 

250 kW distributed cogeneration power plant 

Applications for Fuel Cells 



Home power 

Photo courtesy of Plug Power 

7 kW home cogeneration power plant 

Applications for Fuel Cells 



  Portable power 

50 W portable fuel cell with metal hydride storage 

Applications for Fuel Cells 



The Science of Fuel Cells 

Phosphoric 
Acid 

(PAFC) 

Alkaline 
(AFC) 

Polymer 
Electrolyte 
Membrane 

(PEMFC) 

Direct Methanol 

(DMFC) 

Solid Oxide 

(SOFC) 

Molten Carbonate 
(MCFC) 

Types of 
Fuel Cells 

Polymer Electrolyte 
Membrane 
(PEMFC) 

Direct Methanol 
(DMFC) 

Solid Oxide 
(SOFC) 



PEM Fuel Cell Electrochemical Reactions 

 

Anode:   

 H2   2H+  +  2e-   (oxidation) 

Cathode:  

 1/2  O2  +  2e-  +  2H+     H2O (l)  (reduction) 

Overall Reaction: 

 H2  +  1/2  02      H2O (l)  

         

     ΔH  =  - 285.8 kJ/mole 



Hydrogen + Oxygen  ⇒ Electricity + Water  

Water 

A Simple PEM Fuel Cell 



Membrane Electrode Assembly (MEA) 

O 2 

2 H 2 O 
4 H + 

N a f i o n 

4 e - 

2 

K 

H 2 

O 2 

H 2 O 

2 H 2 4 H + 
N a f i o n 

4 e - 

O 2 

2 H 2 O 
4 H + 

N a f i o n 

4 e - 
N a f i o n 

H + 

C a t a l y s i s 

T r a n s p o r t 

R e s i s t a n c e 

Anode Cathode 

Polymer 
electrolyte 

(i.e. Nafion) 
Carbon cloth Carbon cloth 

Platinum- 
catalyst 

Platinum- 
catalyst 

Oxidation 

Reduction 



Polymer Electrolyte Membrane 

(after Larminie and Dicks, 2000) 

Polytetrafluoroethylene (PTFE) chains 

Sulphonic Acid 

50-175 microns 
(2-7 sheets of paper) 

Water collects 
around the 
clusters of 
hydrophylic 
sulphonate 
side chains 



Thermodynamics of PEM Fuel Cells 
Change in enthalpy (ΔH)   =  - 285,800 J/mole 

Gibb’s free energy  (ΔG)   = ΔH - TΔS 

ΔG at 25° C:     = - 285,800 J - (298K)(-163.2J/K) 

     = - 237,200 J 

Ideal cell voltage (Δ E)    = - ΔG/(nF) 

  ΔE at 25º C   = - [-237,200 J/((2)(96,487 J/V))]  

     = 1.23 V 

ΔG at operating temperature (80º C):  = - 285,800 J - (353K)(163.2 J/K) 

     = - 228,200 J 

  ΔE at 80º C   = - [-228,200 J/((2)(96,487 J/V))] 

      = 1.18 V 



0=
dI
dP

Characteristic Curve 

0 
0.2 
0.4 
0.6 
0.8 

1 
1.2 
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I 

V  

Power Curve 

0 
0.5 

1 
1.5 

2 
2.5 

0 1 2 3 4 5 
I 

P 

MPP 
x 

Max Power Point (MPP): Factors affecting Curve: 

•  activation losses 

•  fuel crossover and  
   internal currents 

•  ohmic losses 

•  mass transport or 
   concentration losses 

ohmic 
losses 

activation losses  
+ internal currents  

concentration 
losses 



Hydrogen Storage 

56 l 

14 l 
9.9 l 

Liters to store 1 kg hydrogen 

Compressed gas   
(200 bar) 

Liquid hydrogen MgH2  
metal hydride 



Hydrogen:  Energy Forever 

Fuel tank Reformer 

H2 
 

Hydrogen bottles 

H2 
 

H2 
 

Hydrogen bottles 

H2 
 

Algae 

H2 
 

Hydrogen bottles 

H2 
 

Solar panel Electrolyser 



Renewable Energy Sources 

As long as the sun shines, the wind blows or the rivers flow there 
can be clean, safe and sustainable electrical power, where and 

when required, with a solar hydrogen energy system 

Micro hydro

 
Storage

H2

Oxygen

Oxygen

WaterWater

Fuel
CellElectrolyzer

Solar Cell

Wind



Benefits of  
Fuel Cells 

Modular 

Clean 

Quiet 

Sustainable 

Efficient 

Safe 

The Benefits of Fuel Cells 



Heliocentris: Science education through 
fuel cells 22 

Our Fragile Planet. 
We have the responsibility to mind the planet, so 
that the extraordinary natural beauty of the Earth 

is preserved for generations to come. 
Photo courtesy of  NASA 



Presentation courtesy of Heliocentris 
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Solar Hydrogen Automobile 
 

Equipment 

 

Wire 
Nylon tie 
1.5-3V DC motor with 
gear – Radio Shack 
Fuel cell 
Solar cell 

fischertechnik® components: 
a. Building 

block 30 mm 
x16 

 

 i. Hinged block 
tab 

x1 

 
b. Building 

block 30 mm 
with bore 

x1 

 

 j. Hinged block 
claw 

x1 

 

c. Building 
block 15 mm 

x16 

 

 k. Building 
block 5 mm 

x2 

 

d. Building 
block 15 mm 
with 2 pins 

x7 

 

 l. Building 
block 5 mm 
with 2 pins 

x2 
 

e. Hub nut x4 
 

 m. Link 15 mm x1 

 
f. Flat hub 

chuck 
x4 

 
 n. Metal axle 90 

mm 
 

 
g. Clip 10 mm 

with spring 
ring 

x2 

 

 o. Metal axle 
170 mm 

x3 
 

h. Upper rotary 
switch with 
toothing 

x1 

 

 p. Tire 45  
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Procedure 
Assembly 1: 2 assemblies needed 
Attach end to end three 30 mm building 
blocks.  
Assembly 2: 2 assemblies needed 
Attach end to end a 30 mm building block 
and a 5 mm building block with two pins.   
Assembly 3: 2 assemblies needed 
Attach end to end a 30 mm building block 
and a 5 mm building block. 

 
Assembly 4: 2 assemblies needed 
Attach two 15 mm building blocks to the side 
of assembly 1.  

 
Assembly 5: 2 assemblies needed 
Attach assembly 2 and 3 to assembly 4. 

 
Assembly 6: 
Attach 15 mm link to the side of a 15 mm 
building block with two pins. 

 
Assembly 7: 
Attach assembly 6 to one assembly 5. 

 
Assembly 8: 
Attach both assembly 5 components 
together, connecting them at the 5 mm 
building blocks. 
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Assembly 9: 2 assemblies needed 
Attach hub nut, flat hub chuck, and tire 45.   

 
Assembly 10: 
Attach two 10 mm spring clips to the 170 mm 
metal axle. Insert the ends of the 170 mm 
metal axle into the side of a 15 mm building 
block. The 15 mm building block pins should 
face outward.   

 

 

Assembly 11: 
Attach assembly 9 to assembly 10. 

 
Assembly 12: 
Attach assembly 11 to assembly 8. 
Assembly 8 should have two 30 mm building 
blocks with pins facing outward to attach to 
assembly 11.   

 
Assembly 13: 
Attach a 15 mm building block with two pins 
to the side of a 15 mm building block. With 
the 15 mm building block’s pin facing 
downward, attach a second 15 mm building 
block by its side and with its pin facing 
outward.    
Assembly 14: 
Attach flat hub chuck, hub nut, and upper 
rotary switch with toothing. Insert 90 mm 
metal axle into side of 15 mm building block 
and rotary switch assembly. Attach flat hub, 
hub nut, and tire 45. Attach tire 45 assembly 
with hub nut facing outward to 90 mm metal 
axle.  
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Assembly 15: 
Attach assembly 13 to assembly 14. 

  
Assembly 16: 
Attach a 15 mm building block with two pins 
to the side of a 15 mm building block with its 
pin facing downward. Attach a second 15 
mm building block below the first 15 mm 
building block with its pin facing outward. 
Attach a third 15 mm building block by its 
side to the pin on the 15mm building block 
facing outward. 

 
Assembly 17: 
Attach assembly 16 to the back of assembly 12. 

 
Assembly 18: 
Attach assembly 15 to assembly 17. 
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Assembly 19: 
Attach end to end two 30 mm building 
blocks.  
Assembly 20: 
Attach three 15 mm building blocks to 
assembly 19, with one 15 mm building block 
on each side and one on top with its pin 
facing sideways. 

 
Assembly 21: 
Attach a 15 mm building block to the 15 mm 
block on the same side as the pin from the 
top 15 mm block is facing. 

 
Assembly 22: 
Attach assembly 21 to assembly 18 by 
sliding assembly 21 into the red 15 mm link. 

 
Assembly 23: 2 assemblies needed 
Attach end to end a 30 mm building block 
and 15 mm building block. 

 
Assembly 24: 2 assemblies needed 
Attach a 30 mm building block and 15 mm 
building block perpendicular to each other. 
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Assembly 25: 2 assemblies needed 
Attach assembly 23 and 24. 

  
Assembly 26: 
Attach both assembly 25 components to 
assembly 22. 

 
Assembly 27: 
Fasten 1.5-3V DC motor to 30 mm building 
block with bore using a nylon tie. 

 
Assembly 28: 
Attach hinged block tab and hinged block 
claw. Attach 15 mm building block with two 
pins to hinged block claw. Attach side of 15 
mm building block to hinged block claw.   
Assembly 29: 
Attach assembly 27 to assembly 28. 

 
Assembly 30: 
Attach assembly 29 to assembly 18. Notice 
that you can slide assembly 29 forward and 
back. Position assembly 29 so that the motor 
gears are aligned with the upper rotary 
switch with toothing. 
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Assembly 31: 
Remove 15 mm building block form tower 
and insert fuel cell into base of car. The fuel 
cell should fit within the car opening and 
should hang down ¾ in.   

 
Assembly 32: 
Insert 15 mm building block into tower to 
secure fuel cell. 

   
Assembly 33: 
Slide solar cell into tower. Make sure that the 
groove on the solar cell slides over the 15 
mm building block pin. 

  
Assembly 34: 
Insert 15 mm building block to secure solar 
cell. 
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Solar Hydrogen System 
 
Purpose 

Hydrogen is the most plentiful element in 
the universe. It can be burned alone to 
produce heat or combined with oxygen to 
produce heat and electricity. Hydrogen on 
Earth is found bonded with other elements; 
for example, bonded hydrogen and oxygen 
comprise water. Hydrogen can be stored 
once it has been separated from other 
elements. Hydrogen can be captured in 
several different ways. The most economical 
way to harness hydrogen is through existing 
fossil fuels. Engineers and scientists are 
working to find ways to decrease the cost of 
harnessing hydrogen from other sources 
like water and some forms of algae. 

 

 
Hydrogen storage and transportation 
U.S. Department of Energy 

Equipment 
• Hydrogen fuel cell  
• Solar module 
• Solar hydrogen automobile 
• Wires 
• Multimeter or other probes for measuring voltage and current 
• Distilled water   
• Light with a 75 Watt PAR30 incandescent bulb, or as recommended in the 

manufacturer’s instructions 
• Stopwatch or other timing device 
• Tape measure 

Procedure 
In this activity your team will use a solar module to produce electricity. You will use 
the electricity from the solar module to separate hydrogen from oxygen, harness the 
hydrogen, and then use the hydrogen as fuel. Although teams will complete this 
activity, each student should individually complete this entire document. 
 
This activity was written to be used with the Heliocentris fuel cell. Whether you are 
using this equipment or other equipment, refer to the manufacturer’s instructions to 
be sure that you are using the equipment as designed. 
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1. Position the fuel cell module with the 
hydrogen and oxygen storage cylinder caps 
facing up. 
Note: The numbers on the cylinder scale 
should be upside down, and the negative 
terminal should be on top.   
 

 
 

2. Remove the fuel cell storage cylinder caps. 
Fill the storage cylinders with distilled water 
until the water reaches the top of the fixed 
tubes inside the cylinder.   

 
 

3. Fasten the storage cylinder caps by pushing 
down firmly. Turn the fuel cell module over so 
that the cylinder caps are facing down.  
Note: The fuel cell module works better after it 
has been wet for some time. 

 
 

4. Set your multimeter to measure voltage. 
Connect multimeter test leads to the solar 
module terminals. Move the module or light 
source to determine the location that 
produces the highest voltage value. Record 
the no load voltage value. 
No Load Voltage   __________ 
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5. Set your multimeter to measure current. 
Return the solar module to the position that 
produced the highest voltage value and 
measure the systems current. Record the no 
load current value. 
No Load Current   __________ 

 

 
 

6. Calculate the amount of wattage produced by 
the solar module. 
Wattage = 

 

Wattage = 

 

Wattage = Voltage x Current 
 

7. Attach the solar module to the solar hydrogen 
automobile. Position the automobile drive 
motor so that its gear is not in contact with the 
red drive gear. Connect the automobile motor 
leads to the solar module. Position the light 
source to produce maximum voltage. Is there 
enough power to turn the motor?  
__________ 
 

8. Engage the drive gear by letting the motor 
gear rest on top of the drive gear. Can the 
solar module power the car on the ground?  
 
If the automobile will travel, record how long it 
takes for the car to travel 5 ft.  
 
Calculate the automobile’s speed in ft/s. 

 

 

9. Set your multimeter to measure voltage. 
Connect multimeter test leads to the solar 
module terminals. Record the load voltage 
value.(Drive gear should be engaged) 

10. Load Voltage   __________ 

 

11. Set your multimeter to measure current. 
Connect multimeter test leads to the solar 
module terminals. Record the load current 

NL L
i

L

V -Vr =
I  



FOE  Handout #3 

4 

value.(Drive gear should be engaged) 
Load Current   __________ 

i

NL

L

L

r = Internal resistance of the source
V =Voltage No Load
V =Voltage Full Load
I =Load Current
 

12. Calculate the internal resistance of the solar 
module and motor circuit. 

13. Charge the fuel cell by connecting the solar 
module and fuel cell module positive and 
negative terminals.  
Note: You should begin to see bubbles form 
as the hydrogen container fills. You may wish 
to complete some of the conclusion questions 
while the fuel cell is charging. 

 
14. When all of the water has completely 

transferred from the lower cylinder storage 
container to the upper cylinder storage 
container, the fuel cell is fully charged. Set the 
multimeter to read voltage. Connect the 
multimeter test leads to the fully charged fuel 
cell terminals. Record the voltage value. 
Voltage   __________ 

  
 

15.  Set the multimeter to measure current. 
Connect the multimeter test leads to the fully 
charged fuel cell module terminals. Record 
the current value. 
Current  __________ 

 
 

16. Calculate the wattage produced by the fuel 
cell module. 
Wattage = 

 

Wattage = 

 

Wattage = Voltage x Current 
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17. Attach the fuel cell module to the solar 
hydrogen automobile. Position the automobile 
drive motor so that its gear is not in contact 
with the red drive gear. Connect the 
automobile motor leads to the fuel cell 
module. Is there enough power to turn the 
motor? 
_____________ 

18. Engage the drive gear by letting the motor 
gear rest on top of the drive gear. Can the 
solar module power the car on the ground?  
 
If the automobile will travel, record how long it 
takes for the car to travel 5 ft.  
 
Calculate the automobile’s speed in ft/s. 
 

 

19. Set your multimeter to measure voltage. 
Connect multimeter test leads to the fuel cell 
terminals. Record the load voltage value. 
(Drive gear should be engaged) 
Load Voltage   __________ 
 

20. Set your multimeter to measure current. 
Connect multimeter test leads to the solar 
module terminals. Record the load current 
value. 
Load Current   __________ 
 

21. Calculate the internal resistance of the fuel 
cell and motor circuit. 

 

 
 
 
 
 
 
 
 
 
 
 
 

NL L
i

L

V -Vr =
I  

i

NL

L

L

r = Internal resistance of the source
V =Voltage No Load
V =Voltage Full Load
I =Load Current

 
22. Which system had a higher wattage value? 

 
23. Compare and relate the fuel cell and solar cell 

wattage values to travel speed.  
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Conclusion 

1. Based on your observations, what are the advantages and disadvantages of a 
car utilizing solar power? 

 
 
 
2. Based on your observations, what are the advantages and disadvantages of a 

car utilizing hydrogen fuel cell power? 
 
 
 
3. Describe and defend a system that you believe would best utilize a solar 

hydrogen system to meet the needs for an average driver. 
 
 
 
4. How does a photovoltaic cell work? Record the source of your information. 
 
 
 
5. Detail how electrolysis separates hydrogen and oxygen. How is electricity 

produced by the bonding of hydrogen and oxygen? Record the source of your 
information. 



Robotics 

Curricular Goals: 

Students will be able to: 

● Create detailed flow charts that utilize a computer software application. 

● Create control system operating programs that utilize computer software. 

● Create system control programs that utilize flowchart logic.  

● Choose appropriate input and output devices based on the need of a technological system. 

● Differentiate between the characteristics of digital and analog devices. 

● Judge between open and closed loop systems in order to choose the most appropriate system 

for a given technological problem. 

● Design and create a control system based on given needs and constraints. 

 

Standards for Technological Literacy 

Standard 2: Students will develop an understanding of the core concepts of technology. 
BM Y: The stability of the technological system is influenced by all of the 

components in the system, especially those in the feedback loop. 
BM AA: Requirements involve the identification of the criteria and constraints of a 

product or system and the determination of how they affect the final design 
and development 

BM V: Controls are mechanisms or particular steps that people perform using 
information about the system that causes systems to change. 

BM BB: Optimization is an on going process of methodology of designing or making a 
product and is dependent on criteria and constraints. 

BM FF: Complex systems have many layers of controls and feedback loops to provide 
information. 

Standard 8: Students will develop an understanding of the attributes of design. 
BM H: The design process includes defining a problem, brainstorming, researching 

and generating ideas, identifying criteria and specifying constraints, exploring 
possibilities, selecting an approach, developing a design proposal, making a 
model or prototype, testing and evaluating the design using specifications, 
refining the design, creating or making it, and communicating the processes 
and results. 

BM I: Design problems are seldom presented in a clearly defined form. 
BM J: The design needs to be continually checked and critiqued, and the ideas of 

the design must be refined and improved.  
BM K: Requirements of a design, such as criteria, constraints, and efficiency, 

sometimes compete with each other. 
Standard 9: Students will develop an understanding of engineering design.  

BM F: Design involves a set of steps which can be performed in different sequences 
and repeated as needed 

BM J: Engineering design is influenced by personal characteristics, such as 
creativity, resourcefulness, and the ability to visualize and think abstractly. 



BM L: The process of engineering design takes into account a number of factors. 
Standard 10: Students will develop an understanding of the role of troubleshooting, research and 
development, invention and innovation, and experimentation in problem solving.  

BM F: Troubleshooting is a problem-solving method used to identify the cause of a 
malfunction in technological system.  

Standard 11: Students will develop abilities to apply the design process. 
BM M: Identify the design problem to solve and decide whether or not address it 
BM N: Identify criteria and constraints and determine how these will affect the 

design process. 
BM Q: Develop and produce a product or system using a design process.  

Standard 16: Students will develop an understanding of and be able to select and use energy and 
power technologies.  

BM N: Power systems must have a source of energy, a process, and loads. 
Standard 17: Students will develop an understanding of and be able to select and use information and 
communication technologies.  

BM L: Information and communication technologies include the inputs, processes, 
and outputs associated with sending and receiving information.  

BM M: Information and communications systems allow information to be 
transferred from human to human, human to machine, and machine to 
machine. 

BM Q: Technological knowledge and processes are communicated using symbols, 
measurement, conventions, icons, graphic images, and languages that 
incorporate a variety of visual, auditory, and tactile stimuli.  

 

National Science Education Standards 

Unifying Concepts and Processes Standard K-12: As a result of activities in grades 9-12, all 
students should develop understanding and abilities aligned with the following concepts 
and processes 

· Change, constancy, and measurement 

· Evidence, models, and explanation 

· Change, constancy, and measurement 

· Form and function 

Science as Inquiry Standard B: As a result of activities in grades 9-12, all students should 
develop an understanding of 

· Motions and forces 

Science and Technology Standard E: As a result of activities in grades 9-12, all students should 
develop 

· Abilities of technological design 

 

Principles and Standards for School Mathematics 

Algebra Standard: Instructional programs from pre-kindergarten through grade 12 
should enable all students to understand patterns, relations, and 



functions; and represent and analyze mathematical situations and 
structures using algebraic symbols. 

Problem Solving 
Standard: 

Instructional programs from pre-kindergarten through grade 12 
should enable all students to build new mathematical knowledge 
through problem solving. 

Connections Standard: Instructional programs from pre-kindergarten through grade 12 
should enable all students to recognize and apply mathematics in 
contexts outside of mathematics. 

Representation Standard: Instructional programs from pre-kindergarten through grade 12 
should enable all students to create and use representations to 
organize, record, and communicate mathematical ideas; select, apply, 
and translate among mathematical representations to solve 
problems; use representations to model and interpret physical, social, 
and mathematical problems. 

 

Standards for the English Language Arts 

Standard 4: Students adjust their use of spoken, written, and visual language (e.g. 
conventions, style, vocabulary) to communicate effectively with a 
variety of audiences and for different purposes. 

 

 

Daily Lesson Overview  

Day 1: Flow Charts (Basic Coding will be substituted here with VEX) 

● Introduction to flow charts 

● Teacher present R.1.1 

● Basic outlining for understanding how all programmable robotics works 

● Relation to real life scenarios 

● Assign R.1.2 Flowcharting 

● Teacher may require use of Microsoft Word Art 

Day 2-3: Interface and RoboPro Setup 

● Teacher led demonstration of how to connect interface to computer 

o R.2.1 - Interface setup Reference 

● Teacher led demonstration of how to use basic tools with RoboPro 

● Assign R.2.2 Inputs and Outputs 

o In class student discovery assignment experiments with various elements of 

Fischertechnik 

Day 4-5: RoboPro Formal Introduction and Basic Programing 

● Teacher present R.3.1 



● Relate all examples from presentation to real world applications 

● Assign R.3.2 Basic Programing Activity 

o Students may work in pairs 

● Teacher assessment of student completion  

Day 6: Branch Functions (sample below) 

● Teacher demonstration of Branches 

o Switches – Demonstrate how to wire 

▪ Normally open vs. normally closed 

o Analog vs. Digital 

● While / If-Else 

● No loop 

● Assign R.4.1 Branch Functions Activity 

o New partners 

Day 7: Variable Functions / Counting 

● Teacher demonstration of variable functions 

● Change to “Level 5: Objects” 

o Demonstrate library – where everything is now 

● Analog branch for counting 

o Add counter before branch 

o Variable acts as a second input 

● Student Activity R.5.1 

o New partners 

Day 8-10: Open and Closed Loop Systems – Motor on Track 

● Teacher introduction of activity 

o Building one track and changing inputs 

● Student Activity R.6.1 

o New partners 

● Use the extra time for students to make sure that all other activities have been completed 

Day 11-15: Elevator 

● Students will apply all knowledge of mini projects to create  an elevator shaft that responds to 

users pushing a button to designate a floor 

● The project must include 

o Three floors – Ground, first and second 

o Each floor has a button 

▪ That button will make the elevator shaft go to that designated floor 

● Students will design their own rendition of this 



o This may be a simple activity branching off of the others, or it may be a more difficult 

activity with multiple sensors and buttons making it like a real elevator 

Day 6 Lesson Plan:  

Unit: Lesson: Branch Functions / Analog vs. Digital 

Goals - Students will: 

● Choose appropriate input and output devices based on the need of a technological system. 

● Differentiate between the characteristics of digital and analog devices. 

● Judge between open and closed loop systems in order to choose the most appropriate system 

for a given technological problem. 

Essential Questions: 

1. What are the advantages and disadvantages of using programmable logic to control machines 
versus monitoring and adjusting processes manually? 

2. What are some everyday seemingly simple devices that contain microprocessors, and what 
function do the devices serve? 

3. What questions must designers ask when solving problems in order to decide between digital 
or analog systems and between open or closed loop systems? 

 

Procedure: 

● Aim: How do humans interact with computer programs? 

● Do Now: Think of every type of program that affects your daily life. What about automatic 

devices that change around you without you knowing it? 

● Motivation: Every button and sensor has been specifically chosen to make the users 

experience as easy as possible 

● Teacher demonstration of digital branch – switch and phototransistor 

o Acts like a wait for input 

o Introduce “no-loop” 

▪ If the button is not pushed it loops around to the top of the branch 

▪ No button is pushed – nothing happens 

o When the button is pushed the rest of the program may run 

● Switch I/O and communicate how to wire 

● Demonstrate wiring  

o Normally open  

▪ Wires in ports 1 and 3  

▪ This is an open loop – no electricity flows through 

▪ When button is pressed the circuit closes and electricity can flow 

o Normally closed 

▪ Wires in ports 1 and 2 



▪ This is a closed loop – electricity is flowing 

▪ When the button is pressed the circuit opens and electricity stops 

▪ This is how “kill” switches are made 

● Demonstrate analog branches – photoresistor, NTC resistor, distance sensors – anything with 

a range of values 

o Review “no-loop” 

o Explain value ranges 

▪ Each input will give out a range of values depending on what is being 

measured 

▪ Photoresistor – how much light 

▪ NTC Resistor – how much heat 

▪ Distance Sensors – like sonar – how far away an object may be 

o Review “Test” dialogue window 

▪ Allows users to look at all values of inputs and outputs 

▪ Use this data to research what value you will need for the branch to work 

o Change values depending on the specific scenario 

● Summary: How are the screens of a smart phone and smart watch different? 

● Introduce activity R.4.1 

o Partner students with people why have not worked with yet for robotics 



Creating Flowcharts



Definition

A flowchart is a schematic representation 
of an algorithm or a process. 



Parts of a Flowchart

Start/end

Process
Input/output

Decision

Arrows

Display



Start/End

• Shape is a rounded rectangle
• Start is required of all flow charts
• Some flow charts may not have an END



Process

• Shape is rectangular
• Process involves the action or the “verb” 

part of the flowchart
• Examples include

– Add 1
– Turn the motor on
– Turn the light off
– Rotate the part



Input/Output

• Shape is a parallelogram
• Indicates that manual operation is needed
• Examples include

– Type in the weight
– Check the balance
– Time the operation 



Decision

• Shape is a rhombus
• Outcome is either yes or no
• Examples include

– Is this number larger than 
10?

– Does the weight meet 
specifications?

– Has the count been 
reached? 



Arrows

• Arrows indicate the flow of the chart.
• Arrows are drawn from the output of one 

block to the input of another.
• Only one arrow can represent outputs.
• Multiple arrows may represent inputs.



Example

• Count from 1 to 9 by odd numbers.
• Before attempting to draw the flowchart, 

determine what you want the output to be.
• What is the first block (always)?



Step 1

• The output will be 1, 3, 5, 7, 9.
• The Start block is always first.

START



Step 2

The program begins with the number 1.

START

INPUT 1



Step 4

Now that there is a number, the program 
will state the number.

START

INPUT 1

SAY NUMBER



Step 3
The number 2 will be added to 1 so that 

the program will continue to count by odd 
numbers.

START

INPUT 
1

ADD 2

SAY NUMBER



Step 4

Add a decision block so 
that the program will 
continue counting until 
the value is greater than 
9. NOIs 

number 
>9?

START

INPUT 
1

ADD 2

SAY NUMBER



Step 5

Once the number is 
greater than 9, the 
program ends.

END

NO

YES

Is 
number 

>9?

START

INPUT 
1

ADD 2

SAY NUMBER



Your Turn

Create a flow chart that shows how to 
pour a glass of milk.



 
 

Flowcharting 
 
Introduction 

Flowcharting for engineers and other professionals is an important part of planning a 
process. It is a way to think through a problem and document a solution. When video 
game developers design games, they must contemplate how the game will react to 
the many decisions made by players. Every time a player moves a remote or pushes 
a button, the processor in the game system must react immediately based upon the 
data provided by the game. Imagine how large a flowchart would be for even a 
simple video game. 

 

Equipment 
● PowerPoint or Word 
● Activity 3.1.2a Flowchart Guide 

 

Procedure 
In this activity you will create flowcharts using ISO and ANSI standards to document 
different processes. Utilize  Activity 3.1.2a Flowchart Guide  and your notes from 
R.1.1.ppt. 
 
1. Create a flowchart that portrays the following: 

o Pick up an object from a bin. 
o Test the object’s weight. 
o Does the object weigh 50 kg or more? If yes, drop the object in a bin 

called Heavy. 
o If no, drop the object in a bin called Light. 
o Repeat this process three times. 

2. Modify the program so that it counts each time an object is sorted. The program 
will stop after 10 objects are sorted. 

3. Create a flowchart that portrays the following: 

o Choose a number between 1 and 10. 
o Is the number odd? If yes, add 1. 
o If no, add 0. 
o Divide the number by 2. 
o Is the number 1? If yes, stop. 
o If no, loop back to the second step. 
 
 
 
 









 





 

Fishertechnik ® Interface Setup 
 

1.  Insert 9VDC power supply 
into interface 9V socket. Plug 
9VDC power supply into 
120VAC power outlet.  

         
2.  Connect USB Type B cable 
end into USB socket on 
interface. Connect USB Type A 
cable end into USB socket on 
computer.  

 
3.  Open RoboPro software. 
Select Interface Port Options 
from the toolbar.   

  
4.  Select the radio buttons USB 
and ROBO TX Controller (new). 

 
5.  Select Test Interface from the 
toolbar. 

 
6.  Make sure that the 
Connection box is green and 
indicates that the port is 
Running. If the Connection box 
indicates simulation mode, 
repeat steps 1 through 5 and 
verify all connections. 

 
 





 





 

Inputs and Outputs – Fischertechnik 
 
Introduction 

You might notice that sometimes your cell phone indicates that you are using a 
digital signal and at other times an analog signal. Unless you have a crystal clear 
connection, there is no need to look at your phone to determine whether it is 
processing the information in a digital or analog format. If you hear static or the 
signal seems to be fading, then you are using an analog signal. If the connection is 
sharply cutting in and out, alternating silence and sound, it is a digital signal. Both 
signal failures are annoying, but you should notice a distinct difference between the 
two. The digital signal either exists or it doesn’t, while the analog signal can 
gradually fade in and out. 

 

Equipment  
fischertechnik® components: 
● Interface, power supply, and USB cable 
● RoboPro 
● 4 complete wires 

Inputs Outputs 
● Mini switch 

 

● Lamp 

 
● NTC resistor 

 
● Motor 

 
● Potentiometer 

 
● Buzzer 

 
● Reed switch 

 

● Electromagnet 

 
● Phototransistor 

 
  

● Photoresistor 

 

  

 

Procedure 
In teams of two or three, you will experiment with different inputs and outputs. You 
will learn how digital and analog inputs behave in addition to normally open and 
normally closed inputs. 
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Basic Programming – Fischertechnik 
 
Introduction 

Computer programmers often use code to create software and web pages. You 
have probably heard of hypertext Markup Language (HTML), a common language 
for creating web pages. Many designers use HTML, but most people utilize software 
that converts designs to HTML. If you wish to view the original code from a web 
page, most Internet browsers will allow you to right click in the page and choose 
View Source.  

Equipment 
● RoboPro software 
● fischertechnik® components: 

o Interface, power supply, and USB cable 
o 4 complete wires 
o Motor 

Procedure 
In this activity you will construct a flowchart that will turn a motor on and off. You will 
also check the system to see if your flowchart performs as written. You will be 
introduced to four Function Blocks: Start, Motor, Time Delay, and End.  
 
1. Connect the interface to the computer and power supply, and then connect a 

motor to connection M1. 
2. Open RoboPro and ensure that you are properly connected using Test Interface. 
3. Click New on the toolbar or choose File → New from the Menu Bar. You should 

recognize the shapes of function blocks in the element window on the left as 
common flowchart shapes. If you do not see shapes on the left, click Level from 
the Menu Bar and choose Level 1. 

You will use the following function blocks to complete this activity. 
 
Start 

 
Indicates where the program begins. 

End 
 

Indicates where the program ends. 

Time delay 

 

As the program flows, it will not continue until the time 
indicated has passed. The time delay can measure in 
minutes or hours. 

Motor output 
 
Used to activate motors, electromagnets, or other 
output devices. Depending on the device used, the 
image on the function block can be changed. 

 
Creating a Program 



4. To insert program blocks into the 
function window, left click on the 
program block then left click in the 
function window where the block is 
to be placed. 

5. Insert a Start block into the Function 
window. 

 

 
6. Insert a Motor output block into the 

function window and position it just 
under Start. If you touch the top 
node on the Motor output block to 
the node on the Start block, it will 
automatically connect. You can also 
manually connect blocks by 
leftclicking on one node and then 
leftclicking on the second node. 
Right click on the Motor icon to bring 
up the block information dialog box. 
You will notice that you can 
manipulate five specific areas. 

 
 
 
 
 
 

Motor Output:  Identifies current 
programming function block output port. 
Your motor is currently attached to M1, 
so M1 must be selected in order to be 
controlled through programming. 
 

 
 

 

Image:  Identifies the image represented 
on the function block. Selecting the 
component you have connected to the 
output port on the interface allows for 
easy visualization during programming.  
 
Interface / Extension:  Identifies the 
interface on which the component and 
port are located. IF1 is the default 
control interface. You will not need to 
change this unless you add extension 
modules to the interface. 

 
Action:  Identifies the action you want 
the function block to perform when 
reached within the program flowchart. If 



Motor is selected under Image, selecting 
cw or ccw will send power to a motor. 
Switching between cw and ccw will 
change the rotational direction of the 
motor. Stop removes power from the 
output. If you change the image from a 
motor to any other component, these 
options will change to On and Off. 
 
Speed:  Controls output voltage from 
interface port. The higher the number, 
the greater the voltage output. 
7. Insert a Time Delay block into the 

Function window and position it just 
under the Motor output block. Right 
click on the Time Delay block and 
change the time delay to 3 seconds. 

 
 
 

8. Insert a Motor output block into the 
Function window and position it 
under the Time Delay block. Right 
click on the Motor output block. 
Under Action, select stop.  

9. Insert an End block into the function 
window and position it under the 
Stop Motor block. 

 
10.Add labels to describe what is 

happening at each programming 
step. Select the Drawing Function 
block, located at the bottom of the 
Element Window, and click in the 
function window where you want the 
text to appear. If you need to edit 
your text, select the text box, click 
Draw from the Menu Bar, and 

 



choose Edit.  
 
When programs become larger and 
the function blocks represent actual 
components, labels are invaluable 
for planning, troubleshooting, and 
communicating your process to 
others. 

 
11.Choose Start from the Toolbar. 

Watch the function window as the 
program runs. The function blocks 
will change color as the program 
flows. This will be important later 
when you try to identify where 
certain functions occur when you run 
a program. 

 

 
Note: If you need to delete function blocks or drawing objects, highlight the item(s) 
and click Delete on the keyboard. You may also select Delete from the Toolbar and 
click on the items that you wish to delete. You can also delete or copy several 
objects by left clicking and dragging a large box around them. 
 
12.Modify your program to run a motor for two seconds, off for two seconds, on for 

two seconds, and finally turn off before the program ends. Insert text next to each 
function block to explain what is happening. Demonstrate this for your instructor 
once the program runs successfully. 

Instructor’s Signature ______________________ Date __________ 
 

Conclusion 
1. What is the best way to make sure that all of your devices are in the correct ports 

of the interface and have been wired correctly? 
 
 
 
2. Explain the importance of labeling block functions within a flowchart. 



 

Branch Functions – Fischertechnik 
 
Introduction 

One of the powerful attributes of a computer program is its ability to make decisions. 
Although it can be argued that only humans are capable of decision making, 
computers are able to make decisions using criteria. They are able to compare two 
values and determine whether one is larger than the other. They can determine 
whether a statement is true or false, based on empirical data.  

Equipment 
● RoboPro software 
● fischertechnik® components: 

o Interface, power supply, and USB cable 
o 3 complete wires 
o 1 lamp 
o 2 mini switches 
o 1 potentiometer 

Procedure 
In this activity you will create programs that control a lamp based on the input from 
digital and analog inputs.  

 
Digital Branch Function Block  

The Digital Branch function block can be used to represent a 
mini switch in your program. As the program flows into the top 
node of the switch, it can leave in two different ways. If the 
circuit in the switch is closed, the flow will continue out the 
node labeled 1. If the circuit is open, the flow will leave 
through the node labeled 0.   

 
1. If the mini switch is not being pushed and it is wired normally open, through 

which node will the program continue? 
 



2. Create the program to the right, wire the lamp to 
M1, and wire a mini switch normally open to I1. 

 
3. If I1 is wired normally open, describe what will happen if the mini switch is never 

pushed. 
 
 
 

4. Right click on the Digital Branch block to bring up 
additional information. You can manipulate four 
specific areas. 

 

Digital Input:  Make sure that the Digital Branch 
identified matches the correct component. 
 
Interface / Extension:  Identifies the interface on 
which the component and port are located. IF1 is the 
default control interface. You will not need to change 
this unless you add extension modules to the 
interface. 
Image:  Identifies the image represented on the 
function block. Selecting the component you have 
connected to the output port on the interface allows 
for easy visualization during programming. 
Swap 1 / 0 Branches:  This causes the 1 and 0 
nodes to trade places on the function block. 

 
5. Run the program. 
6. Wire a second mini switch normally closed to input I2. Create a program that will 

turn on a lamp when the switch connected to I1 is pressed and turn the lamp off 
when the switch connected to I2 is pressed. Insert text next to each function 
block to explain what is happening. Demonstrate the properly functioning 
program for your instructor. 
 

Instructor’s Signature ______________________ Date __________ 
 



 
 
 

Analog Branch Function Block  
The Analog Branch function block can be used to 
make a decision based on an analog value. All 
possible combinations less than, greater than, or 
equal to can be paired with a value. If the condition is 
true, then the flow will exit through the node labeled 
Y. If the condition is not true, then the flow will exit 
through the node labeled N. 

 

 
7. Create the program to the right, wire the lamp to 

M1, and wire a potentiometer to analog input AX. 
Turn the actual potentiometer ccw until it stops. 

 

 



8. Right click on the Analog Branch to 
bring up additional information. You 
can manipulate four specific areas. 

 

Analog Input:  Make sure that the Analog 
Branch identified matches the correct 
component. There are also options to 
measure voltage and distance with other 
components using the Analog Branch. 
 
Interface / Extension:  Identifies the 
interface on which the component and port 
are located. IF1 is the default control 
interface. You will not need to change this 
unless you add extension modules to the 
interface. 
Condition:  The condition that will be 
considered true is entered here. For this 
activity, change this to less than 300. 
 
Swap Y / N Branches:  Choosing this 
selection causes the 1 and 0 nodes to 
trade places on the function block. 

 
9. Set the Analog Branch condition to >100. 
10.Start the program and slowly turn the potentiometer until the lamp turns off. 
11.Modify the program so that the light turns on when the potentiometer is turned. 

Insert text next to each function block to explain what is happening. Demonstrate 
the properly functioning program for your instructor. 
 

Instructor’s Signature ______________________ Date __________ 
 

 

Conclusion 
1. Describe why it is important to include branches in programs. 

 
 

 
12.Describe an everyday application of a normally open switch that has not been 

given as an example. 
 

 



13.Describe an everyday application of a normally closed switch that has not been 
given as an example. 
 



Open and Closed Loop Systems – Fischertechnik 
 
Introduction 

Many devices function without ever knowing whether they are doing the job that they 
were programmed to do. They might run for a specific amount of time or perform one 
more function and then stop. For example if you set the clothes dryer to run for 45 
minutes, your clothes might be dry or they might not be dry. A clothes dryer is an 
open loop system because the process provides no feedback to the device. Newer 
clothes dryers possess moisture sensors. The moisture sensors inform the machine 
when the clothes are dry, at which point the dryer can stop running. The feedback 
provided by the sensor makes this a closed loop system. 

Equipment 
● RoboPro software 
● fischertechnik® components: 

  Interface, power supply, 
and USB cable 

2 mini switches 

  5 wires  9 building blocks 30 mm  
  Motor  8 building blocks 15 mm (1 pin) 
  2 lamps  3 rack and pinion 60 mm 
  Photocell  Motor rack gearbox  
  Phototransistor   
 

Procedure 
In this activity you will design an open loop program to control a motor driven on a 
track. Then you will design a closed loop system utilizing feedback from both analog 
and digital inputs to control the motor. 
 
1. Build the support system and track pictured below. 

 
2. Add the motor and gearbox as shown below, and then wire the motor to M1 on 

the interface. Slightly loosen the gearbox from the motor so that you can freely 
adjust the motor. Before tightening the motor, center the gearbox over the middle 
building block. 



 
 

3. Write a program that will shuttle the motor back and forth 1.5 seconds each way 
20 times. Write a description next to each function block to explain what happens 
at each block. Save the program. 

4. Run the program and observe the final resting place of the gearbox. You may or 
not have to look closely, but the gearbox probably did not stop in the center.  

5. Is this an open loop or closed loop system? 
 
6. Where do you think the gearbox would have come to rest had you set the 

program to cycle 120 times? 
 
 

7. What problems and inefficiencies might this process cause if it were used in an 
assembly mechanism designed to run 24 hours per day for several days? 

 
 
Instructor’s Signature ______________________ Date __________ 
 
8. Place a mini switch on both ends of the device as pictured below. Wire the 

switches to I1 and I2. Write a program that will shuttle the motor back and forth 
five times based on feedback from when the switches are pressed. Write a 
description next to each function block to explain what happens at each block. 
Save the program. 

 
9. Is this an open loop or closed loop system? 

 
10.How precise would this device be if it were designed to cycle 500 times? 

 



Instructor’s Signature ______________________ Date __________ 
 

 
 

11.Remove the mini switches. Make the modifications as seen below. Add the 
smaller building blocks to the ends of the gearbox and motor. Use the larger 
building blocks to create extensions from the track on each end. Add covered 
lamps to the extensions using smaller building blocks on one side of the track. 
Using the same attachment method, place a phototransistor across from one 
lamp and a photocell across from the other. Note that the phototransistor sensor 
is polarity sensitive therefore it will only function when positive and negative 
leads are correctly attached. 

 
 

12.Write a program that will shuttle the motor back and forth five times using the 
phototransistor and photocell for feedback. Write a description next to each 
function block to explain what happens at each block. Save the program. 
Demonstrate the successful program for your instructor. 

Instructor’s Signature ______________________ Date __________ 
 

Conclusion 
1. Describe an open loop system that has not already been given as an example. 

Could the system benefit from feedback? Justify your answer. 
 

 
 
 
 

2. Describe a closed loop system that has not already been given as an example. 
Describe the feedback utilized, and describe why that type of feedback is utilized. 

 
 
 
 



Robotics Mini Projects 

Curricular Goals: 

Students will be able to: 

● Choose appropriate input and output devices based on the need of a technological system 

● Differentiate between the characteristics of digital and analog devices 

● Judge between open and closed loop systems in order to choose the most appropriate system 

for a given technological problem 

● Design and create a control system based on given needs and constraints 

Standards for Technological Literacy 

Standard 2: Students will develop an understanding of the core concepts of technology. 
BM Y: The stability of the technological system is influenced by all of the 

components in the system, especially those in the feedback loop. 
BM AA: Requirements involve the identification of the criteria and constraints of a 

product or system and the determination of how they affect the final design 
and development 

BM V: Controls are mechanisms or particular steps that people perform using 
information about the system that causes systems to change. 

BM BB: Optimization is an on going process of methodology of designing or making a 
product and is dependent on criteria and constraints. 

BM FF: Complex systems have many layers of controls and feedback loops to provide 
information. 

Standard 8: Students will develop an understanding of the attributes of design. 
BM H: The design process includes defining a problem, brainstorming, researching 

and generating ideas, identifying criteria and specifying constraints, exploring 
possibilities, selecting an approach, developing a design proposal, making a 
model or prototype, testing and evaluating the design using specifications, 
refining the design, creating or making it, and communicating the processes 
and results. 

BM I: Design problems are seldom presented in a clearly defined form. 
BM J: The design needs to be continually checked and critiqued, and the ideas of 

the design must be refined and improved.  
BM K: Requirements of a design, such as criteria, constraints, and efficiency, 

sometimes compete with each other. 
Standard 9: Students will develop an understanding of engineering design.  

BM F: Design involves a set of steps which can be performed in different sequences 
and repeated as needed 

BM J: Engineering design is influenced by personal characteristics, such as 
creativity, resourcefulness, and the ability to visualize and think abstractly. 

BM L: The process of engineering design takes into account a number of factors. 
Standard 10: Students will develop an understanding of the role of troubleshooting, research and 
development, invention and innovation, and experimentation in problem solving.  

BM F: Troubleshooting is a problem-solving method used to identify the cause of a 
malfunction in technological system.  



Standard 11: Students will develop abilities to apply the design process. 
BM M: Identify the design problem to solve and decide whether or not address it 
BM N: Identify criteria and constraints and determine how these will affect the 

design process. 
BM Q: Develop and produce a product or system using a design process.  

Standard 16: Students will develop an understanding of and be able to select and use energy and 
power technologies.  

BM N: Power systems must have a source of energy, a process, and loads. 
Standard 17: Students will develop an understanding of and be able to select and use information and 
communication technologies.  

BM L: Information and communication technologies include the inputs, processes, 
and outputs associated with sending and receiving information.  

BM M: Information and communications systems allow information to be 
transferred from human to human, human to machine, and machine to 
machine. 

BM Q: Technological knowledge and processes are communicated using symbols, 
measurement, conventions, icons, graphic images, and languages that 
incorporate a variety of visual, auditory, and tactile stimuli.  

 

National Science Education Standards 

Unifying Concepts and Processes Standard K-12: As a result of activities in grades 9-12, all students 
should develop understanding and abilities aligned with the following concepts and processes 

● Change, constancy, and measurement 
● Evidence, models, and explanation 
● Change, constancy, and measurement 
● Form and function 

Science as Inquiry Standard B: As a result of activities in grades 9-12, all students should develop an 
understanding of 

● Motions and forces 
Science and Technology Standard E: As a result of activities in grades 9-12, all students should 
develop 

● Abilities of technological design 
 

Principles and Standards for School Mathematics 

Algebra Standard: Instructional programs from pre-kindergarten through grade 12 
should enable all students to understand patterns, relations, and 
functions; and represent and analyze mathematical situations and 
structures using algebraic symbols. 

Problem Solving 
Standard: 

Instructional programs from pre-kindergarten through grade 12 
should enable all students to build new mathematical knowledge 
through problem solving. 

Connections Standard: Instructional programs from pre-kindergarten through grade 12 
should enable all students to recognize and apply mathematics in 
contexts outside of mathematics. 

Representation Standard: Instructional programs from pre-kindergarten through grade 12 
should enable all students to create and use representations to 



organize, record, and communicate mathematical ideas; select, apply, 
and translate among mathematical representations to solve 
problems; use representations to model and interpret physical, social, 
and mathematical problems. 

 

Standards for the English Language Arts 

Standard 4: Students adjust their use of spoken, written, and visual language (e.g. 
conventions, style, vocabulary) to communicate effectively with a 
variety of audiences and for different purposes. 

 

 

Daily Lesson Overview: 

Day 1: (Sample Below) 

● Teacher distribute handout RMP.1 to discuss all real life applications of mini projects 

● Each project will require each group complete a different task 

● Each group will be responsible for presentation  

● Teacher distribute handout RMP.2 rubric 

● Teacher discretion of groups and topics 

● Begin research and brainstorming 

Day 2: 

● Students should focus on possible solutions - Brainstorming 

● Allow students to begin research of inputs with Fischertechnik 

● Teacher facilitate discussion in each group to aide in the decision process 

Day 3-10/15: 

● Work days 

● Teacher facilitate building process 

Presentation: 

● Final class period in which students present their brainstorming process, complications 

throughout the building process and final solution 

 

 

  



Day 1 Lesson Plan: 

Unit: Robotics Mini Projects 

Lesson: Introduction to the various mini projects 

Goals: 

● Students will understand the constraints needed to be followed while creating individual 

device 

● Students will apply knowledge of the operations of Fischertechnik to solve the individual 

problem 

Essential Questions: 

1. What are some everyday seemingly simple devices that contain microprocessors, and what 
function do the devices serve? 

2. What questions must designers ask when solving problems in order to decide between digital 
or analog systems and between open or closed loop systems? 

Procedure: 

● Aim: What are the constraints of your individual project? 

● Teacher distribute handout RMP.1 to discuss all real life applications of mini projects 

o Discuss each mini project in detail explaining all projects to all students 

o Each project has a real life application 

● Each project will require each group complete a different task 

o Some are easier to build while some are easier to program 

● Each group will be responsible for presenting their  

o Research and brainstorming ideas 

o Problems encountered 

o Final solution 

● Teacher distribute handout RMP.2 rubric 

o Ensure all students understand what they are responsible for  

● Teacher discretion of groups and topics 

● Begin research and brainstorming 



 

Robotics Mini Projects 

 
Introduction 

Every machine that is controlled by a computer bases every operation on data and 
instructions that were designed by an engineer, technician, or end user. Designers 
must think through every contingency and all that can go wrong. In addition 
safeguards must be in place so that people and other devices are not damaged. 

Equipment 
● RoboPro software 
● fischertechnik® interface, power supply, and USB cable 
● Various fischertechnik® components 

Procedure 
Your instructor will assign specific problems as described below for you to solve. 
You will work in teams of two or three. The procedure detailed below must be 
repeated for each problem solved. 
 
1. As a team read the problem and record the requirements, constraints, 

components, or programming that must be used in your engineering notebook.  
2. With your team, discuss and brainstorm possible solutions in your engineering 

notebook. 
3.  Sketch two potential physical solutions and two potential program solutions. Be 

sure to include labels, descriptions, signatures, and dates on all sketches.  
4. Create a final physical solution as a detailed sketch. Be sure to include labels, 

descriptions, signatures, and dates.  
5. Create and test your design, making necessary modifications. Include 

descriptions throughout the program for clarification of the process. 
6. Prepare the following for documentation: 

o Title, date, class, and team names 
o Image of the final solution 
o Two potential physical sketches 
o Two potential program sketches 
o Final physical sketch 
o Final program sketch 
o Final program with descriptions 
o Answers to the conclusion questions 

 
 
Problem 1: Hand Dryer (Hardware Level 1 Software Level 4) 
A local restaurant chain is looking for a more efficient hand dryer. When a customer 
puts his/her hands under a sensor a fan should blow. Once their hands are gone the 



fan should stop immediately. They want to save as much energy so only hands, no 
other objects, should turn the fans on. 
 
Problem 2: Soccer Goal Light (Hardware Level 2 Software Level 3) 
Your team has been asked to design a control system for the local soccer field that 
can detect when the ball has entered the goal. A light must blink for 10 seconds after 
a goal is scored. Remember, the goalie and others will also be crossing the goal 
frequently. You may need to modify the ball so that your device can differentiate 
between the soccer ball and other objects. 
 
Problem 3: Stop Light (Hardware Level 2 Software Level 4) 
The Transportation Authority wants to change an intersection. On the busy highway 
the light should stay green for at least 10 seconds. If a car approaches the 
intersection, the main highway should turn red after 2 seconds to allow the 
approaching car to pass. After 4 seconds that light turns red and the highway is 
green again.  
 
Problem 4: Automatic Door (Hardware Level 4 Software Level 2) 
A local grocery store wants to enhance their entrance to include an automatic door. 
When a person walks up to the door it should immediately open. The door should 
then close after 3 seconds. Watch out! You do not want a person to get stuck in the 
door! There must be a safety to ensure that no one is in harm’s way when the door 
closes.  
 
Problem 5: Parking Garage Gate (Hardware Level 4 Software Level 4) 
The school wants to have more security in the parking lot so they approached you to 
create a gate system. When you approach the gate you will have a special code. 
That code has to be exact every time. Users will push a special series of three 
buttons to open the gate. Once the gate opens and the car passes through, the gate 
will close after 2 seconds. Make sure the gate does not close on the car! 
 
Problem 6: Central Air System (Hardware Level 2 Software Level 4) 
A research center is testing diseasefighting bacteria. The bacteria will only grow 
within a small range of temperature. Your team must design and model an enclosed 
system that controls temperature based on a user setting. The device should use an 
NTC resistor to monitor temperature. It is expected that the fan or lamp will almost 
always be running at some capacity but is not required to run constantly at full 
capacity. The program must track how long the lamp and fan run as well as any time 
that neither is running. Since the bacteria will be in an enclosure, a control panel 
utilizing lights should indicate whether the fan or lamp is running at any given time. 
 
Problem 7: Chocolate Cookie Topper (Hardware Level 4 Software Level 2) 
A cookie factory needs your team to design a device that will put a chocolate drop 
on top of their peanut butter cookies. The machine must position a cookie on a 
separate device that will then move it into position for a dropper to descend and 
dispense the chocolate drop. The cookie with the chocolate drop should then move 
to another position where it will be placed with other finished cookies to await 
inspection and packaging.  



 

Robotics Mini Projects 
 

Design 
Elements  Weight  5 Points  4 Points  3 Points  2 Points  1 – 0 Points  Total 

Two Potential 
Physical 
Solutions 

  Provides accurate 
sketches that meet 
the required design 
concepts. Is 
properly detailed for 
effective 
communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

Provides marginally 
sufficient sketches 
that meet the 
required design 
concepts. Is properly 
detailed for effective 
communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

Provides sketches 
that are difficult to 
visualize. Lacks 
details in sketches. 
Missing some details 
for effective 
communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

Provides 
incomplete 
sketches. Does not 
present the concept 
well. Missing 
several details for 
effective 
communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

There is no 
evidence of 
potential physical 
solution sketches. 

 

Two Potential 
Program 
Solutions 

  Provides accurate 
program solutions. 
Is properly detailed 
for effective 
communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

Provides marginally 
sufficient program 
solutions that meet 
the required design 
concepts. Is properly 
detailed for effective 
communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

Provides program 
solutions that are 
difficult to visualize. 
Lacks details in 
sketches. Missing 
some details for 
effective 
communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

Provides 
incomplete program 
solutions that are 
difficult to visualize. 
Missing several 
details for effective 
communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

There is no 
evidence of 
potential program 
solutions. 

 

Final Physical 
Solution 

Concept Sketch 
or 3D Model 

  Solution is accurate 
and includes a 
highquality sketch 
or 3D model. Meets 
the required design 
concepts.  

Solution is mostly 
accurate and 
includes a 
highquality sketch 
or 3D model. Meets 
most of the required 
design concepts.  

Solution is 
somewhat accurate 
and includes a 
mediumquality 
sketch or 3D model. 
Meets some of the 
required design 
concepts.  

Solution is not 
accurate and 
includes a 
mediumquality 
sketch or 3D 
model. Meets some 
of the required 
design concepts.  

There is no 
evidence of a final 
solution concept 
sketch or 3D 
model. 

 

Final Physical 
Solution 

  Includes details for 
effective 

Includes most 
details for effective 

Is missing many 
details for effective 

Is missing most 
details for effective 

There is no 
evidence that the 

 

 



 
Concept Written 
Communication 

communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

communication, 
including labels, 
descriptions, 
signatures, and 
dates. 

details necessary 
for effective 
communication 
have been 
included. 

 
Physical Solution 

Elements  Weight  5 Points  4 Points  3 Points  2 Points  1 – 0 Points  Total 

Design 
Requirements 

  The prototype fully 
meets all 
constraints and 
adequately 
supports the design 
function. 

The prototype meets 
most constraints and 
adequately supports 
the design function. 

The prototype meets 
some constraints 
and minimally 
supports the design 
function. 

The prototype does 
not meet many 
constraints. The 
prototype does not 
adequately support 
the design function. 

There is no 
evidence that the 
design 
requirements have 
been addressed. 

 

Quality and 
Functionality 

  The prototype 
design functions 
consistently, and 
the chosen parts 
are appropriate. 

The prototype 
design functions 
most of the time, 
and the chosen 
parts are 
appropriate. 

The prototype 
design occasionally 
functions properly, 
and all chosen parts 
are not appropriate. 

The prototype 
design rarely 
functions properly, 
and most chosen 
parts are not 
appropriate. 

Little to no 
evidence exists to 
indicate that the 
prototype 
functions. 

 

 
Program Solution 

Elements  Weight  5 Points  4 Points  3 Points  2 Points  1 – 0 Points  Total 

Design 
Requirements 

  The prototype fully 
meets all 
constraints and 
adequately 
supports the design 
function. 

The prototype meets 
most constraints and 
adequately supports 
the design function. 

The prototype meets 
some constraints 
and minimally 
supports the design 
function. 

The prototype does 
not meet many 
constraints. The 
prototype does not 
adequately support 
the design function. 

There is no 
evidence that the 
design 
requirements have 
been addressed. 

 

Quality and 
Functionality 

  The prototype 
design functions 
consistently, and 
the chosen parts 
are appropriate. 

The prototype 
design functions 
most of the time, 
and the chosen 
parts are 
appropriate. 

The prototype 
design occasionally 
functions properly, 
and all chosen parts 
are not appropriate. 

The prototype 
design rarely 
functions properly, 
and most chosen 
parts are not 
appropriate. 

Little to no 
evidence exists to 
indicate that the 
prototype 
functions. 

 

  

 



Marble Sorter 

Curricular Goals: 

Students will be able to: 

● Brainstorm and sketch possible solutions to an existing design problem 

● Create a decision-making matrix for their design problem 

● Select an approach that meets or satisfies the constraints provided in a design brief 

● Create a detailed pictorial sketch or use 3D modeling software to document the best choice, 

based upon the design team’s decision matrix 

● Present a workable solution to the design problem 

 

Standards for Technological Literacy 

Standard 2: Students will develop an understanding of the core concepts of technology. 
BM AA: Requirements involve the identification of the criteria and constraints of 

a product or system and the determination of how they affect the final 
design and development. 

Standard 3: Students will develop an understanding of the relationships among 
technologies and the connections between technology and other fields 
of study. 

BM F: Knowledge gained from other fields of study has a direct effect on the 
development of technological products and systems. 

Standard 6: Students will develop an understanding of the role of society in the 
development and use of technology. 

BM A: Products are made to meet individual needs and wants. 
Standard 8: Students will develop an understanding of the attributes of design. 

BM H: The design process includes defining a problem, brainstorming, 
researching and generating ideas, identifying criteria and specifying 
constraints, exploring possibilities, selecting an approach, developing a 
design proposal, making a model or prototype, testing and evaluating 
the design using specifications, refining the design, creating or making it, 
and communicating processes and results. 

Standard 9: Students will develop an understanding of engineering design. 
BM F: Design involves a set of steps, which can be performed in different 

sequences and repeated as needed. 
BM G: Brainstorming is a group problem-solving design process in which each 

person in the group presents his or her ideas in an open forum. 
BM J: Engineering design is influenced by personal characteristics, such as 

creativity, resourcefulness, and the ability to visualize and think 
abstractly. 

Standard 11: Students will develop the abilities to apply the design process. 
BM E: The process of designing involves presenting some possible solutions in 

visual form and then selecting the best solution(s) from many. 
BM I: Specify criteria and constraints for the design. 



BM R: Evaluate final solutions and communicate observation, processes, and 
results of the entire design process, using verbal, graphic, quantitative, 
virtual, and written means, in addition to three-dimensional models. 

Standard 17: Students will develop an understanding of and be able to select and use information and 
communication technologies. 

BM Q: Technological knowledge and processes are communicated using 
symbols, measurement, conventions, icons, graphic images, and 
languages that incorporate a variety of visual, auditory, and tactile 
stimuli. 

National Science Education Standards 

Unifying Concepts and Processes Standard K-12: As a result of activities in grades 9-12, all 
students should develop 

· Change, constancy, and measurement 

· Form and function 

Science As Inquiry Standard A: As a result of activities in grades 9-12, all students should 
develop 

· Abilities necessary to do scientific inquiry 

· Understandings about scientific inquiry 

Science and Technology Standard E: As a result of activities in grades 9-12, all students should 
develop 

· Abilities of technological design 

Principles and Standards for School Mathematics 

Number Operations: Instructional programs from pre-kindergarten through grade 12 should 
enable all students to understand numbers, ways of representing 
numbers, relationships among numbers, and number systems; 
understand meanings of operations and how they relate to one another; 
and compute fluently and make reasonable estimates. 

Algebra: Instructional programs from pre-kindergarten through grade 12 should 
enable all students to understand patterns, relations, and functions; 
represent and analyze mathematical situations and structures using 
algebraic symbols; use mathematical models to represent and 
understand quantitative relationships; and analyze change  in various 
contexts. 

Geometry: Instructional programs from pre-kindergarten through grade 12 should 
enable all students to analyze characteristics and properties of two- and 
three-dimensional geometric shapes and develop mathematical 
arguments about geometric relationships; specify locations and describe 
spatial relationships using coordinate geometry and other 
representational systems; apply transformations and use symmetry to 
analyze mathematical situations; and use visualization, spatial 
reasoning, and geometric modeling to solve problems. 

Measurement: Instructional programs from pre-kindergarten through grade 12 should 
enable all students to understand measurable attributes of objects and 
the units, systems, and processes of measurement; and apply 



appropriate techniques, tools, and formulas to determine 
measurements. 

Data Analysis and 
Probability Standard: 

Instructional programs from pre-kindergarten through grade 12 should 
enable all students to formulate questions that can be addressed with 
data and collect, organize, and display relevant data to answer them; 
select and use appropriate statistical methods to analyze data; and 
develop and evaluate inferences and predictions that are based on data. 

Problem Solving:  Instructional programs from pre-kindergarten through grade 12 should 
enable all students to solve problems that arise in mathematics and in 
other contexts; apply and adapt a variety of appropriate strategies to 
solve problems. 

Communication: Instructional programs from pre-kindergarten through grade 12 should 
enable all students to organize and consolidate their mathematical 
thinking through communication; and communicate their mathematical 
thinking coherently and clearly to peers, teachers, and others. 

Connections: Instructional programs from pre-kindergarten through grade 12 should 
enable all students recognize and apply mathematics in contexts outside 
of mathematics. 

Standards for English Language Arts 

Standard 4: Students adjust their use of spoken, written, and visual language (e.g., 
conventions, style, vocabulary) to communicate effectively with a 
variety of audiences and for different purposes. 

Standard 5: Students employ a wide range of strategies as they write and use 
different writing process elements appropriately to communicate with 
different audiences and for a variety of purposes. 

Standard 8: Students use a variety of technological and informational resources 
(e.g., libraries, databases, computer networks, video) to gather and 
synthesize information and to create and communicate knowledge. 

Standard 12: Students use spoken, written and visual language to accomplish their 
own purposes (e.g., for learning, enjoyment, persuasion, and the 
exchange of information). 

 

 

Daily Lesson Overview: 

Day 1: (Sample Below) 

● Distribute handout MS.1 – Marble Sorter Design Challenge 

● Relation to real life 

● This activity aims to model something similar to that 

● Each group will create a device that separates three different materials 

● A total of 15 marbles will be given to each group – 5 of each color 

● Teacher discussion of rubric hand out MS.2.1 or MS.2.2 

● Begin individual research and brainstorming 



Day 2: 

● Teacher discretion of groups 

● Guide group work to have students discuss individual ideas 

● Begin evaluating and selecting an approach – decision matrix 

● At this point it is good to keep students away from building – no Fischertechnik 

● Focus should be beginning steps of design process 

Day 3: 

● Introduce different types of marbles 

● Allow students to begin research of inputs with Fischertechnik 

● Teacher facilitate discussion in each group to aide in the decision process 

Day 4-15/20: 

● Work days 

● Teacher facilitate building process 

Grading Days: 

● Teacher grade against rubric MS.2.1 or MS.2.2 

Presentation: 

● Final class period in which students present their brainstorming process, complications 

throughout the building process and final solution 

  



Day 1 Lesson Plan: 

Unit: Marble Sorter 

Lesson: Introduction to the design problem 

Goals: 

● Students will understand the constraints needed to be followed while creating their device 

● Students will apply knowledge of the operations of Fischertechnik to solve the design problem 

Essential Questions: 

1. What is a design brief and what are design constraints? 

2. Why is a design process so important to follow when creating a solution to a problem?  

3. What is a decision matrix and why is it used? 

4. What does consensus mean, and how do teams use consensus to make decisions? 

5. How does the use of mechanisms affect the overall solution to a design problem? 

 

Procedure: 

● Aim: What are the activities constraints and parameters? 

● Distribute handout MS.1 – Marble Sorter Design Challenge 

● Relation to real life 

o In a recycling facility many materials are dumped that need to be sorted 

o Why would we need to separate materials? 

o Think of three colors of glass bottles 

o How do we separate clear from green and brown? 

● This activity aims to model something similar to that 

● Each group will create a device that separates three different materials 

● A total of 15 marbles will be given to each group – 5 of each color 

● Each group will be responsible for: 

o General Engineering Notebook skills 

o Table of contents 

o Research 

o Brainstorming sketches 

o Research with Fischertechnik inputs comparing different marbles 

o Decision Matrix 

o Photos of the building process 

o Technical Drawings 

o A presentation including all of the previously mentioned 

● Teacher discussion of rubric hand out MS.2.1 or MS.2.2 

● Begin individual research and brainstorming 



● HW: Brainstorming ideas 

● Teacher discretion of making groups 

 



 
 

 
 

Marble Sorter Design Problem 
Introduction 

The movie Apollo 13 tells the true story of a team of astronauts traveling to the 
moon. While in space, the crew and mission control team encountered several 
problems, including damaged oxygen tanks. As a result of the damage to the oxygen 
tanks, the astronauts were forced into the lunar module. The lunar module was 
designed to be occupied by two astronauts. Because three astronauts were forced 
to utilize a space intended for two, the CO2 levels in the craft reached a critical 
stage. As the astronauts began running out of filters for the lunar module, they 
gathered filters from the service module. The service module CO2 filters were 
square, but the lunar module filter inserts were round. Mission control had to create 
a solution using the supplies available to the astronauts in the lunar module. 
Fortunately the engineers at mission control designed a solution just in time and 
solved the problem. The team was successful because they used teamwork, 
communication, and a set plan.  

 
Design challenges provide opportunities to apply skills and knowledge in unique and 
creative ways. Designers are often asked to come up with solutions to problems.  
Designers sometimes work together as a team and must collaborate to create a 
solution. They must communicate with each other. Every member of the team must 
contribute if the team is to be successful. Now it is your turn to be part of a design 
team.   

 

Equipment 
● Various VEX and/or fischertechnik materials 
● Additional found or customized materials as approved by the instructor  
● Control software 
● Engineer’s notebook 
● Isometric grid paper 
● Orthographic grid paper 
● Computer  
● 3D modeling software 
● 5 each of 3 different kinds of  ½ in. material spheres  

 
 
 
 



 
 

Procedure 
This problem will provide you with the opportunity to work together in teams of two or 
three. Your team will design a solution to the stated problem. Study the design brief 
located below. Using the steps in the design process, your team will create a 
solution to the design problem.  

 
Client Company:  National Recreation and Park Association (NRPA) 
   
Target Consumer:  Society 
   
Designer:   
   
Problem Statement:  The National Recreation Park Association (NRPA) has 

asked your team to develop a solution to a growing problem 
in their parks. The association has placed dumpsters for 
recyclable material throughout the parks. They have a 
sorting facility; however, they need the device that will sort 
the recyclable material. 

 

   
Design Statement:  Design, model, and test a device that will separate 

recyclable materials.   
Constraints:  1. Separation process must be fully automated. 

2. Must successfully separate commingled recyclable 
materials into individual holding bins.   

3. Recyclable materials include 3 different ½ in. material 
spheres totalling 15. Examples could include steel, 
aluminum, wood, opaque plastic, and clear plastic. 

4. Must be efficient – 2 minute max for completion of 
sorting process. 

 

 
Deliverables / Portfolio report 

1. Title Page:  Include the title of the problem, names of team members, course 
title, school name, and date. 

2. Table of Contents:  Include all major headings below, in addition to any other 
necessary sections.  

3. Brainstorming Ideas:  Provide at least four of your team’s brainstorming ideas 
for the design solution. This should include brainstorming sketches or electronic 
3D models of your ideas. Each sketch should be signed, dated, and should 
include labels and descriptions for communication. 



 
 

4. Decision Matrix:  Evaluate the four solution ideas using a decision matrix. 
Determine the best solution to the problem.  

5. Final Design Solution:  Create a detailed pictorial sketch or use 3D modeling 
software to document the best solution, based upon your team’s decision matrix. 
Your sketch or 3D model should include a rationale for the design selected as the 
final design solution. Each sketch should be signed, dated, and should include 
labels and descriptions for communication. 

6. Design Modifications:  If you change your final design solution, document the 
modifications. Explain the reason for the modifications and describe how the new 
design solution will solve the problem (refer to Design Modifications Chart ).  

7. Final Design:  This section will include information pertinent to the design 
solution in the form of images (e.g., photographs of final solution, photographs of 
testing solution, orthographic and isometric drawings, assembly, schematics, 
exploded views, written programs, flow charts, calculations, and data tables).  

8. Reflection:  How well did you accomplish your objectives? What would your team 
do differently with your design solution and why? Do the results fulfill the problem 
statement? Provide a brief explanation of what you learned, the challenges of 
working in a design team, and the purpose of the design problem. The reflection 
should be 200250 words. 

9. References:  Using APA format, cite all sources used to obtain information 
pertaining to your design problem (e.g., books, magazines, journals, Internet 
sources, etc.). Refer to  Citations in APA Style . 

 

Conclusion  
1. What was the most challenging aspect of this design problem? 

 
 
 
 
 
 
 

2. What are some creative changes that you would make to the design solution if 
you could start over? 

 



 

Marble Sorter Rubric 

Planning 
Topics  4 points  3 points  2 points  1 point 

Brainstorming Ideas 

Produces at least four viable 
and accurate pictorial sketches 
or electronic 3D models of the 
required design concepts. 
Each is properly detailed for 
effective communication, 
including dates, signatures, 
labels, and descriptions.  

Produces at least 3 marginally 
sufficient and accurate pictorial 
sketches or electronic 3D 
models of the required design 
concepts. Each is marginally 
detailed for effective 
communication, including 
dates, signatures, labels, and 
descriptions.  

Produces sketches or 
electronic 3D models that are 
difficult to visualize. Lacks 
details in sketches. Many 
missing dimensions or 
annotations, with some 
mislabeled. 

Produces incomplete sketches 
or electronic 3D models. Does 
not present concept. Missing 
most or all dimensions or 
annotations. 

Decision Matrix 

Effectively demonstrates 
important considerations and 
clearly communicates the 
process that contributes to 
selecting a final solution. 

Somewhat effectively 
demonstrates important 
considerations and the process 
that contributes to selecting a 
final solution. 

Is missing elements that 
should have been considered 
for selecting a final solution.  

Is missing elements that 
should have been considered 
for selecting a final solution, 
and poorly communicates the 
final solution selection process. 

Final Physical Solution 
Concept Written 
Communication 
(Flow Chart) 

Concept sketch or 3D model 
includes details for effective 
communication, including 
labels, descriptions, 
signatures, and dates. 

Concept sketch or 3D model 
includes most details for 
effective communication, 
including labels, descriptions, 
signatures, and dates. 

Concept sketch or 3D model is 
missing many details for 
effective communication, 
including labels, descriptions, 
signatures, and dates. 

Concept sketch or 3D model is 
missing most details for 
effective communication, 
including labels, descriptions, 
signatures, and dates. 

Solution Performance 
Design 

Requirements 

Fully meets design 
requirements. 
 

Meets most design 
requirements and supports the 
design function. 

Meets some requirements but 
not enough to support the 
design function. 

Does not meet any 
requirements. 

Quality  
(Build) 

Mechanisms are well built, and 
the chosen parts are 
appropriate. 

Mechanism functions most of 
the time, and the chosen parts 
are appropriate. 

Mechanism sometimes 
functions, and the parts are not 
chosen appropriately. 

Mechanism rarely functions, 
and the parts are not chosen 
appropriately. 

Functionality 
(Programing) 

Functions correctly and in a 
consistent manner. 

Functions correctly and in a 
mostly consistent manner. 

Malfunctions at times  Works correctly rarely. 

Presentation 

Delivery and 
Organization 

Sequence of delivery was 
evidently planned out and 
information was clearly 
delivered 

The sequence or information 
delivered may have been a 
little clearer 

The sequence of delivery left 
some people confused 

The sequence of delivery was 
jumbled leaving people 
confused 

 



 

 

Design Problem Rubric 
 

Deliverables 
Topics  4 points  3 points  2 points  1 point 

Professional 
Appearance 

Includes all required sections, 
has page numbers and 
appropriate headings for the 
different sections. 

Includes most required 
sections, has page numbers 
and appropriate headings for 
the different sections. 

Does not include all required 
sections, has page numbers, 
but headings for the different 
sections should have been 
titled better. 

Is missing several required 
sections, has page numbers, 
but headings for the different 
sections should have been 
titled better. 

Title Page 
Includes all components 
required for a complete title 
page.  

Includes 80% or more of the 
necessary components for a 
complete title page. 

Includes 60% or more of the 
necessary components for a 
complete title page. 

Includes 50% or more of the 
necessary components for a 
complete title page. 

Table of Contents 
Includes all major and sub 
headings and the 
corresponding page numbers. 

Is missing some major and sub 
headings and the 
corresponding page numbers. 

Is missing many major and sub 
headings and the 
corresponding page numbers. 

Is missing most major and sub 
headings and the 
corresponding page numbers. 

Brainstorming Ideas 

Produces at least four viable 
and accurate pictorial sketches 
or electronic 3D models of the 
required design concepts. 
Each is properly detailed for 
effective communication, 
including dates, signatures, 
labels, and descriptions. 
Dimensions (pictorial 
sketches) or annotations (3D 
modeling) are properly 
located.  

Produces at least 3 marginally 
sufficient and accurate pictorial 
sketches or electronic 3D 
models of the required design 
concepts. Each is marginally 
detailed for effective 
communication, including 
dates, signatures, labels, and 
descriptions. Most dimensions 
or annotations are located 
properly.  

Produces sketches or 
electronic 3D models that are 
difficult to visualize. Lacks 
details in sketches. Many 
missing dimensions or 
annotations, with some 
mislabeled. 

Produces incomplete sketches 
or electronic 3D models. Does 
not present concept. Missing 
most or all dimensions or 
annotations. 

Decision Matrix 

Effectively demonstrates 
important considerations and 
clearly communicates the 
process that contributes to 
selecting a final solution. 

Somewhat effectively 
demonstrates important 
considerations and the process 
that contributes to selecting a 
final solution. 

Is missing elements that 
should have been considered 
for selecting a final solution.  

Is missing elements that 
should have been considered 
for selecting a final solution, 
and poorly communicates the 
final solution selection process. 

Final Physical Solution 
Concept Sketch or 3D 

Model 

Solution is accurately 
portrayed as highquality 
sketch or 3D model. Meets the 
required design concepts. Is 
properly detailed for effective 
communication, including 
labels, descriptions, 
signatures, and dates. 

Produces marginally sufficient 
sketches that meet the 
required design concepts. Is 
properly detailed for effective 
communication, including 
labels, descriptions, 
signatures, and dates. 

Produces sketches that are 
difficult to visualize. Lacks 
details in sketches. Missing 
some details for effective 
communication, including 
labels, descriptions, 
signatures, and dates. 

Produces incomplete sketches. 
Does not present the concept 
well. Missing several details for 
effective communication, 
including labels, descriptions, 
signatures, and dates. 



 

Final Physical Solution 
Concept Written 
Communication 

Concept sketch or 3D model 
includes details for effective 
communication, including 
labels, descriptions, 
signatures, and dates. 

Concept sketch or 3D model 
includes most details for 
effective communication, 
including labels, descriptions, 
signatures, and dates. 

Concept sketch or 3D model is 
missing many details for 
effective communication, 
including labels, descriptions, 
signatures, and dates. 

Concept sketch or 3D model is 
missing most details for 
effective communication, 
including labels, descriptions, 
signatures, and dates. 

Design Modifications 

All changes made to the 
original design solution are 
clearly communicated through 
sketches and explanations. 
Sketches include labels, 
signatures, and dates. 

All changes made to the 
original design solution are 
somewhat clearly 
communicated through a 
sketches and explanations. 
Sketches include labels, 
signatures, and dates. 

All changes made to the 
original design solution are 
poorly communicated through 
a sketches and explanations. 
Sketches include labels, 
signatures, and dates. 

Some changes made to the 
original design solution are 
communicated through a 
sketches and explanations. 
Sketches include most labels, 
signatures, and dates. 

Reflection 

Is grammatically correct, 
meets the word count 
requirement, and includes all 
required information in a 
correct and concise manner. 

Includes some grammar 
mistakes, is close to word 
count requirement, and 
includes all required 
information in a mostly correct 
and concise manner. 

Includes some grammar 
mistakes, is close to word 
count requirement, and does 
not include all required 
information in a mostly correct 
and concise manner. 

Includes several grammar 
mistakes, is close to word 
count requirement, and does 
not include all required 
information in a mostly correct 
and concise manner. 

Teamwork 

Group Interaction 
All members are on task at all 
times and contribute in a 
positive manner.  

Most members are on task at 
all times and contribute in a 
positive manner.  

Most members are on task 
some times and contribute in a 
mostly positive manner.  

Some members are off task at 
times and do not contribute in 
a positive manner.  

Solution Performance 
Design 

Requirements 

Fully meets design 
requirements. 
 

Meets most design 
requirements and supports the 
design function. 

Meets some requirements but 
not enough to support the 
design function. 

Does not meet any 
requirements. 

Quality  
Mechanisms are well built, and 
the chosen parts are 
appropriate. 

Mechanism functions most of 
the time, and the chosen parts 
are appropriate. 

Mechanism sometimes 
functions, and the parts are not 
chosen appropriately. 

Mechanism rarely functions, 
and the parts are not chosen 
appropriately. 

Functionality  Functions correctly and in a 
consistent manner. 

Functions correctly and in a 
mostly consistent manner. 

Malfunctions at times  Works correctly rarely. 

 



3.3.1 Design Problem - Group Member Evaluation 

Your Name: __________________________________________  

What did you do?: 

_____________________________________________________________________ 

___________________________________________________________________________________

_ 

___________________________________________________________________________________

_ 

 

Group Member Name: ___________________________________             Score out of 10: 

____________ 

What did he/she do?: 

___________________________________________________________________ 

___________________________________________________________________________________

_ 

___________________________________________________________________________________

_ 

 

Group Member Name: ___________________________________             Score out of 10: 

____________ 

What did he/she do?: 

___________________________________________________________________ 

___________________________________________________________________________________

_ 

___________________________________________________________________________________

_ 

 

Group Member Name: ___________________________________             Score out of 10: 

____________ 



What did he/she do?: 

___________________________________________________________________ 

___________________________________________________________________________________

_ 

___________________________________________________________________________________

_ 

 

Group Member Name: ___________________________________             Score out of 10: 

____________ 

What did he/she do?: 

___________________________________________________________________ 

___________________________________________________________________________________

_ 

___________________________________________________________________________________

_ 



Kinematics*
!
Curricular*Goals:*
The!students!will!be!able!to:!

• Differentiate!and!calculate!distance,!displacement,!speed,!velocity,!and!acceleration.!
• Understand!that!when!air!resistance!is!not!taken!into!account,!released!objects!will!experience!

acceleration!due!to!gravity,!also!known!as!freefall.!
• Calculate!and!predict!different!variables!of!projectile!motion!using!kinematics!equations.!
• Understand!that!when!a!projectile!is!launched,!velocity!in!the!x!direction!remains!constant;!

whereas,!with!time,!the!velocity!in!the!Y!direction!in!magnitude!and!direction!changes!due!to!
gravity.!

• Differentiate!between!vector!and!scalar!quantities!
!
*
Learning*Standards:*
Standards*for*Technological*Literacy*

• Standard*2:!Students!will!develop!an!understanding!of!the!core!concepts!of!technology.!
• Standard*3:!Students!will!develop!an!understanding!of!the!relationships!among!technologies!and!

the!connections!between!technology!and!other!fields!of!study.!
• Standard*8:!Students!will!develop!an!understanding!of!the!attributes!of!design.!
• Standard*9:!Students!will!develop!an!understanding!of!engineering!design.!
• Standard*10:!Students!will!develop!an!understanding!of!the!role!of!troubleshooting,!research!and!

development,!invention!and!innovation,!and!experimentation!in!problem!solving!
• Standard*11:!Students!will!develop!abilities!to!apply!the!design!process.!
• Standard*12:!Students!will!develop!the!abilities!to!use!and!maintain!technological!products!and!systems.!!

o Use!computers!and!calculators!to!access,!retrieve,!organize,!process,!maintain,!interpret,!
and!evaluate!data!and!information!in!order!to!communicate.!

• Standard*17:!Students!will!develop!an!understanding!of!and!be!able!to!select!and!use!information!
and!communication!technologies.!

• Standard*B:!Science!as!an!Inquiry!G!As!a!result!of!activities!in!grades!9G12,!all!students!should!
develop!an!understanding!of—!

o Motions!and!forces!
• Science*and*Technology*Standard*E:!As!a!result!of!activities!in!grades!9G12,!all!students!should!

develop—!
o !Abilities!of!technological!design!
o !Understanding!about!science!and!technology!

Standards*for*English*Language*Arts*
• Standard*4:!Students!adjust!their!use!of!spoken,!written,!and!visual!language!(e.g.!conventions,!

style,!vocabulary)!to!communicate!effectively!with!a!variety!of!audiences!and!for!different!
purposes.!

• Standard*8:!Students!use!a!variety!of!technological!and!informational!resources!(e.g.!libraries,!
databases,!computer!networks,!video)!to!gather!and!synthesize!information!and!to!create!and!
communicate!knowledge.!

Standards*for*Physics*
• Key*Idea*1:*Engineering design is an iterative process involving modeling and optimization 

(finding the best solution within given constraints) which is used to develop technological 
solutions to problems within given constraints. (Note: The design process could apply to activities 
from simple investigations to long-term projects.) !

• Key*Idea*5:!
o 5.1a:  Measured quantities can be classified as either vector or scalar. !



o 5.1d Anobjectinlinearmotionmaytravelwithaconstantvelocity*orwithacceleration*.  
(Note: Testing of acceleration will be limited to cases in which acceleration is constant.) !

o 5.1e An object in free fall accelerates due to the force of gravity.* Friction and other 
forces cause the actual motion of a falling object to deviate from its theoretical motion. 
(Note: Initial velocities of objects in free fall may be in any direction.)  

Common*Core*Standards:*
o CSS.ELAGLiteracy.RST.11G12.1!
o CSS.ELAGLiteracy.RST.11G12.7!

!
Misconceptions:!

o Students!have!trouble!understanding!that!there!is!only!1!projectile!equation!that!is!rearranged!to!
solve!for!the!other!two!variables!

o Students!are!unsure!how!to!use!the!sine!function!and!the!sinG1!function.!
o Students!rush!through!problems!and!overlook!units!of!the!knowns!and!unknowns.!
o Students!have!trouble!understanding!the!significance!of!knowing!vector!vs!scalar,!(has!to!do!with!

cross!and!dot!products!in!future!mathematics/physics!courses).!
!

Daily*Lesson*Overviews:*
!
A!full!lesson!plan!is!provided!for!Day!4!
!
Day!1G2:!

• Aim:!What!is!kinematics!
• Materials:!PowerPoint!entitled!“Kinematics”,!the!handout!entitled!“Note!Packet”!(if!you!choose!to!

use!it).!
• Motivation:!!Relation!of!kinematics!to!everyday!tools.!
• Procedure:!

o Go!through!the!PowerPoint!with!the!students!highlighting!the!differences!between!the!
variables!and!equations!

o When!doing!the!practice!slides!allow!students!to!do!the!work!on!their!own!while!the!
teacher!walks!around!the!room!to!check!their!work.!

o Call!on!various!students!to!give!their!answers.!!
o Allow!students!to!derive!the!projectile!equations!from!the!first!equation!(rearranging!the!

formula)!
!
Day!3:!
!

• Aim:!How!does!Gravity!Work?!
• Materials:!Handout!entitled!“common!core!article”!
• Motivation:!History!of!the!discovery!of!gravity!
• Procedure:!

o Hand!out!the!common!core!article!and!explain!the!procedure!to!the!students!
o They!are!to!read!the!article!on!their!own!and!answer!the!first!3!questions.!
o Then!they!are!to!discuss!with!their!partners!their!answers!and!then!discuss!the!next!two!

questions.!
o All!students’!work!should!be!checked!individually!and!assigned!a!grade.!
o Allow!students!to!share!their!answers.!

!
!
!



!
Day!4:!
!

• Aim:!Mountain!Pass!
• Materials:!Handout!entitled!“Mountain!Pass”!and!computer!access!(1!computer!per!student)!
• Motivation:!Relation!of!kinematics!to!computer!game!
• Procedure:!

o Go!through!the!procedure!with!the!students!ensuring!they!understand!how!they!can!get!
credit!(only!if!the!final!page!displays!5!correct).!

o Walk!around!the!room!to!ensure!all!students!are!using!the!game!correctly!and!calculating!
correctly!(the!game!is!very!sensitive!to!rounding).!

o When!students!are!done!they!should!continue!to!work!on!the!remaining!practice!problems!
on!the!bottom.!

• Homework*tonight:*
o Complete!any!calculations!that!were!not!done!in!class.!

!
Day!5G15:!

• Aim:!Projectile!Launcher!Project!
• Materials:!computer!access!for!all!students!for!research,!engineering!notebooks,!!various!

materials!for!project!such!as!fischertechnik!parts!or!VEX,!Handout!entitled!“Projectile!Launcher!
Project”.!

• Motivation:!This!is!a!handsGon!activity!for!students!to!learn!how!to!create!a!projectile!launching!
machine!that!will!study!the!effects!of!changing!angles.!!

• Procedure:!
o Handout!the!“Projectile!Launcher!Project”!outline!and!go!through!with!the!students.!!
o Highlight!major!project!details!that!the!teacher!will!be!looking!for!such!as!appropriate!

annotations!in!the!engineer’s!notebook!including!calculations.!
o Students!should!title!each!section!of!the!design!process!in!their!notebooks!to!ensure!that!

they!do!not!skip!any!steps!or!make!it!difficult!to!grade.!
o Allow!students!to!begin!researching!projectile!launching!ideas!and!begin!writing!down!

their!ideas!in!their!notebooks!
o After!students!have!done!their!research!on!how!to!get!a!projectile!launcher!to!change!angle!

but!not!initial!velocity,!groups!should!be!created!and!students!should!begin!discussing!a!
final!design.!

o Once!a!sketch!is!drawn!up!with!annotations!on!how!they!will!get!their!launcher!to!launch!at!
different!angles!but!keep!the!initial!speed,!then!the!groups!will!share!their!idea!with!the!
teacher!and!they!will!get!the!“ok”!to!begin!building.!

o Walk!around!the!room!and!ensure!that!all!groups!are!staying!on!task!and!are!appropriately!
addressing!the!problem.!

o When!students!are!up!to!gathering!data,!ensure!that!they!read!over!the!Data!Analysis!
section!before!they!begin.!!All!work!should!be!shown!in!engineering!notebook!for!data!
analysis.!

o Graphs!can!be!done!on!excel!
!
Day!16:!

• Aim:*Review!
• Materials:*Handout!entitled!“Practicing!Kinematics”,!Reference!tables!
• Motivation:!this!is!a!graded!assessment!of!their!knowledge!of!kinematics.!
• Procedure:!



o Handout!the!kinematics!review!sheet!and!allow!students!to!work!in!groups!to!answer!the!
questions.!

o Inform!students!that!the!assignment!will!be!checked.!All!students!must!show!their!work!in!
order!to!receive!credit.!

o Inform!students!that!they!MUST!check!their!answers!with!their!groups!before!informing!
me!that!they!are!done.!!

o When!a!group!is!done!the!teacher!can!check!the!work!of!one!of!the!students!to!assess!
correct!answers!and!work.!Teacher!should!look!at!other!group!member’s!work!to!see!that!
the!work!is!written!out!for!credit.!

o Only!assign!credit!when!all!of!the!answers!are!correct.!
!

• Homework:!study!for!assessment!on!kinematics!!
!
Day!16:!

• Aim:*Assessment!
• Materials:*Kinematics!Assessment,!Calculators!(students!should!have!their!own),!Reference!

Tables.!
• Motivation:!this!is!a!graded!assessment!of!their!knowledge!of!kinematics.!
• Procedure:!

o Students!should!be!spaced!out!and!equipped!with!reference!tables!and!calculators!
o Walk!around!the!room!to!ensure!that!all!students!are!focused!and!on!task.!
o Ensure!that!all!students!realize!they!will!lose!points!if!they!do!not!show!their!equation!and!

substitution!with!units!and!final!answer!with!correct!units.!
!
!
!
Day*4*Lesson*Plan*
!
Unit:!Kinematics!
!
Lesson:!Mountain!Pass!
!
Goals:!

• Allow!students!to!integrate!technology!into!their!kinematics!problem!solving!
• Students!will!practice!solving!for!different!variables!and!rearranging!formulae!to!simulate!an!

army!missile!
• Allow!will!become!more!savvy!with!their!calculator!use!for!difficult!algebra.!!

!
Learning*Standards:*

• Standard*2:!Students!will!develop!an!understanding!of!the!core!concepts!of!technology.!
!

• Standard!12:!Students!will!develop!the!abilities!to!use!and!maintain!technological!products!and!
systems.!

o Use!computers!and!calculators!to!access,!retrieve,!organize,!process,!maintain,!interpret,!
and!evaluate!data!and!information!in!order!to!communicate.!

• Standard!17:!Students!will!develop!an!understanding!of!and!be!able!to!select!and!use!information!
and!communication!technologies.!

• Science!and!Technology!Standard!E:!As!a!result!of!activities!in!grades!9G12,!all!students!should!
develop—!

! !Abilities!of!technological!design!



! !!Understanding!about!science!and!technology!
• NYS Physics Standard 5.1d An object in linear motion may travel with a constant velocity *or 

with acceleration*.  (Note: Testing of acceleration will be limited to cases in which acceleration is 
constant.) !

!
*
!
Common*Core*Standards:*

o CSS.ELAGLiteracy.RST.11G12.7*
!
Essential*Questions:*

• Are!you!comfortable!rearranging!the!projectile!equation?!
• How!accurate!can!you!be!in!your!calculations?!
• If!you!are!off!by!a!small!amount!with!your!calculation!how!will!that!affect!your!missile?!

!
Misunderstandings:!

• Students!commonly!use!their!calculators!in!radian!mode!when!it!should!be!in!degree.!
• Students!commonly!make!rounding!errors!in!the!activity!and!miss!their!target!when!firing!the!

missiles.!
!
Vocabulary:!
Missile,!projectile,!kinematics,!acceleration,!velocity,!!
!
Aim:!
Mountain!Pass!Army!Simulation!
!
Materials:!

• Computer!access!with!American!Army!installed!(one!computer!for!each!student)!
• Handout!entitled!Mountain!Pass!
• Calculators!for!each!student!(they!should!be!equipped!with!their!own)!

!
Procedure:!

• Go!through!the!instructions!with!the!students!on!the!“Mountain!Pass”!worksheet!
• Inform!the!students!that!they!will!use!one!formula!rearranged!into!3!different!formulae!to!solve!

for!multiple!variables.!
• Students!should!not!round!at!all!when!computing!to!be!as!precise!as!possible.!
• Each!student!will!receive!1!computer!and!log!into!“American!Army”!and!select!“Mountain!Pass”!
• Once!they!have!completed!the!practice!page!they!will!enter!the!graded!portion.!They!must!

complete!5!successful!calculations.!!
• Once!the!student!reaches!5!successful!calculations!(launches)!they!can!call!over!the!teacher!to!

view!the!results!page.!
• The!teacher!should!walk!around!the!assist!in!the!activity!and!take!note!of!who!made!5!successful!

shots.!
• Students!should!complete!the!questions!on!the!bottom!of!the!activity!and!hand!in!to!be!graded.!

Assessments:!
F:!teacher!will!ask!questions!and!listen!to!responses!during!instruction!
F:!teacher!will!walk!around!the!room!to!check!student!progress!
S:!students!will!have!a!summative!assessment!on!kinematics!
!



The study of the motion of a body without 
reference to the forces that produced the 
motion. 

* 



* 

* There are certain quantities that when 
measured can be broken up into two 
different categories: 

* Quantities that include direction are 
called vector. 

* Quantities that don’t include direction 
are called scalar. 



Vector Quantity Scalar Quantity 

Velocity 
Displacement 
Acceleration 

Force (including 
weight) 

 

Speed 
Distance 

Mass 
Energy 
Time 



* Direction can change the sign of a 
quantity (positive or negative 
depending on north or south) in a 
vector quantity. 

 

* There cannot be a negative value of 
a scalar quantity 

When you jog around a school track your direction 
is constantly changing.  If I were to ask you your 
displacement (vector) for one time around the track 
you would say 0 miles… you ended up where you 
started. But if I ask you your distance (scalar) you 
would say ¼ mile (direction doesn’t matter). 

Two men apply forces in opposite 
directions. Force is a vector quantity 
(direction matters). Note that their 
direction is cancelling out making the 
result force 0. if they were both pulling in 
the same direction, the result would be 
very different. 

Time is scalar. Direction does not 
apply here.. If something occurs in 
60 seconds it is simply just a value 
of time. 



* 

Quantity Definition Scalar/Vector 

Average Speed 

 
 
Average Velocity 

How much distance changes over time 
(rate of change of distance) 
 
How much displacement changes over 
time (rate of change of displacement) 
 

Scalar 

Ex: 55mph 
 
Vector 

Ex: 55mph East 

Displacement  

 
 
 
Distance 

Change in position from start to finish 
 
 
 
Overall route travelled neglecting 
direction 

Vector 

Ex: 5 mi east + 5 mi 
west = 0 miles 
 
Scalar  

Ex: 5 mi east + 5 mi 
west = 10 miles 

Acceleration How much your velocity changes over 
time (rate of change of velocity) 

Vector 

Ex: velocity 
increasing by 9.81m/
s2 or -9.81m/s2 

(decreasing velocity) 

time How long it takes to do something Scalar 

10 seconds (no 
direction necessary) 



Equation Variables 

  
      = average speed or average velocity (m/s, ft/
s,mi/hr…etc). 
 
       = final velocity/speed (m/s, ft/s,mi/hr…etc). 
 
 
       = initial velocity/speed (m/s, ft/s,mi/hr…etc). 
 
 
d = distance or displacement (m, ft, mi, etc). 
 
t = time (sec, hour, min) 
 
a = acceleration (m/s2, ft/s2) 
 
 

v = d
t

v

d = vit +
1
2
at2

vf
2 = vi

2 + 2ad

vf = vi + at

vf

vi



* 

* A Hydrogen fuel cell car starts from rest at the starting line. It 
takes 15.3 seconds to travel 306.5 cm. Determine the average 
velocity in both m/s and ft/s. 

* If it is known that an object in free fall will increase its speed by 
9.81 m/s2. When an object is dropped from rest how fast will it 
be going 1.4 seconds later? 

* If it is known that an object in free fall will increase its speed by 
32.15 ft/s2. When an object is dropped from rest how far did it 
travel 1.4 seconds later. 

* An object in free fall accelerates at 9.81 m/s2. If it is released 
from rest when dropped from a 100m cliff, how fast is it going 
right before it reaches the ground? 



v = d
t

v = 3.065m
15.3s

= .200m / s

3.065m 3.28 ft
1m

!

"
#

$

%
&=10.053 ft

v = 10.053 ft
15.3s

= .657 ft / s

vf = vi + at

vf = 0m / s+ (9.81m / s
2 )(1..4s)

vf =13.734m / s



d = vit +
1
2
at2

d = (0 ft / s)(1.4s)+ 1
2
(32.15 ft / s2 )(1.4s)2

d = 31.507 ft

vf
2 = vi

2 + 2ad

vf
2 = (0m / s)2 + 2(9.81m / s2 )(100m)

vf = 1962
vf = 44.29m / s



* What forces, if any, 
are acting on the 
soccer ball after it is 
kicked?  
* The soccer ball is 
considered a 
projectile. 
* If working in feet 
(usually) 
* g = 32.15 ft/sec2 

* If working in meters 
* g = 9.81 m/sec2 



* 

* Objects projected into the air where 
the only force acting on it is gravity 
(after being released by projecting 
force and neglecting air friction) 



θ

Theta=θ
Firing Angle (θ) is measured in 
degrees. It is the angle at which 
the projectile left the cannon.  

Initial Velocity (Vi) is the angular 
speed of a projectile at the start 
of its flight. 

 

iV



θ

iV

128 ft/sec 

96 ft/sec 

64 ft/sec 

32 ft/sec 

0 ft/sec 

0 Seconds 

Initial Velocity (Vi) 

1 Second 

2 Seconds 

3 Seconds 

4 Seconds 

128 ft/sec 

96 ft/sec 

64 ft/sec 

32 ft/sec 

0 ft/sec 

8 Seconds 

7 Seconds 

6 Seconds 

5 Seconds 

4 Seconds 

°= 09θ



 

 
0 

Se
c.

 

1 
Se

c.
 

2 
Se

c.
 

3 
Se

c.
 

4 
Se

c.
 

Constant Horizontal Velocity 



 

 
0 

Se
c.

 

1 
Se

c.
 

2 
Se

c.
 

3 
Se

c.
 

4 
Se

c.
 

Constant Horizontal Velocity 

Gravitational Acceleration 
32 ft/sec2 



 

 
 

=

=

=

θ =

x = Vi
2 sin 2θ( )
g

x



 

 

Vi =
gx

sin 2θ( )
iV

 

=

=

=

θ =

Rearranging original equation 



 

 

Angle Firing 
Traveled Distance Horizontal 

onAccelerati nalGravitatio 
Velocity Initial 

=

=

=

=

θ

x
g
Vi

θ

iV

2θ = sin−1 gx
Vi
2

#

$
%

&

'
(

Rearranging original equation 



* 

* A soccer ball is kicked from the 
ground with an initial velocity of 25 ft/
sec at an angle of 30o. The ball 
eventually lands at the same height at 
which it was kicked. Knowing that g = 
32.15 ft/sec2, determine the range of 
the soccer ball. 

x =
vi
2 sin 2θ( )( )

g

x =
(25 ft / s)2 sin 2(30°( )( )

32.15 ft / s2

x =16.84 ft



* 

* A golf ball is launched at 60o to the 
horizontal with an initial velocity of 25 
ft/s.  
* Calculate the distance to where the 
golf ball will hit the ground. 

x =
vi
2 sin 2θ( )( )

g

x =
(25 ft / s)2 sin 2(60°( )( )

32.15 ft / s2

x =16.84 ft



* 

* A football is thrown with an initial 
speed of 25 ft/sec at an angle of 45o 
to the horizon. Determine the 
maximum range of the football. 

x =
vi
2 sin 2θ( )( )

g

x =
(25 ft / s)2 sin 2(45°( )( )

32.15 ft / s2

x =19.44 ft





* What two angles could be used to shoot the 
projectile an ideal distance of 8 ft? 

 
* What would the actual initial velocity be if it were 
calculated using the results of a 10o firing angle? 

13o, 78o  (roughly) 

x =
vi
2 sin 2θ( )( )

g

6 ft =
vi
2 sin 2(10°( )( )
32.15 ft / s2

vi = 564.00
vi = 23.75 ft / s



* 

* A projectile travels 38.88 ft after fired at a 
velocity of 50 ft/s. Solve for the angle with 
which it was fired. 

x =
vi
2 sin 2θ( )( )

g

38.88 ft =
50 ft / s( )2 sin(2θ )( )
32.15 ft / s2

sin(2θ ) = 0.5
sin−1(0.5)

2
=15°



Name%_______________________%

Kinematics*Note*Packet*
%

Kinematics:%%

%

_________________________________________________________________________________________________________________________%

%

_________________________________________________________________________________________________________________________%

%

_________________________________________________________________________________________________________________________%

%

Difference*between*vector*and*scalar*
*
* There%are%certain%quantities%that%when%measured%can%be%broken%up%into%two%different%categories:%

%

• %

%

_________________________________________________________________________________________________________________________%

%

• %

%

_________________________________________________________________________________________________________________________%

%

Vector*Quantity* Scalar*Quantity*
%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

* Direction%can%change%the%sign%of%a%quantity%(positive%or%negative%depending%on%north%or%south)%in%a%

vector%quantity.%

%

• ___________________________________________________________________________________________________________%

%

%

%

%

%

%

%

%

%

%



Quantity* Definition* Vector/Scalar*
% How%much%distance%changes%over%

time%(rate%of%change%of%distance)%

%

%

Average*Velocity%
%

% Vector%
Ex:%55mph%East%

%

% Change%in%position%from%start%to%

finish%

%

%

Distance% % Scalar*%
Ex:%5%mi%east%+%5%mi%west%=%10%

miles%

%

% How%much%your%velocity%changes%

over%time%(rate%of%change%of%

velocity)%

%

Vector%
Ex:%velocity%increasing%by%

9.81m/s2%or%O9.81m/s2%

(decreasing%velocity)%

%

% How%long%it%takes%to%do%

something%

%

%

%

%

Equation* Variables*
% %%%%%%%

%%%%%%%%%%%%=%average%speed%or%average%velocity%(m/s,%ft/s,mi/hr…etc).%

%

%

%%%%%%%%%%%%%=%final%velocity/speed%(m/s,%ft/s,mi/hr…etc).%

%

%%

%%%%%%%%%%%%%=%initial%velocity/speed%(m/s,%ft/s,mi/hr…etc).%

%

%

%

d%=%distance%or%displacement%(m,%ft,%mi,%etc).%

%

%

t%=%time%(sec,%hour,%min)%

%

%

a%=%acceleration%(m/s2,%ft/s2)%

%

%

%

%

%

%

%

v
vf
vi



Practice:%

* A%Hydrogen%fuel%cell%car%starts%from%rest%at%the%starting%line.%It%takes%15.3%seconds%to%travel%306.5%

cm.%Determine%the%average%velocity%in%both%m/s%and%ft/s.%

%

%

%

%

%

%

%

%

%

%

%

* If%it%is%known%that%an%object%in%free%fall%will%increase%its%speed%by%9.81%m/s2.%When%an%object%is%

dropped%from%rest%how%fast%will%it%be%going%1.4%seconds%later?%

%

%

%

%

%

%

%

%

%

%

* If%it%is%known%that%an%object%in%free%fall%will%increase%its%speed%by%32.15%ft/s2.%When%an%object%is%

dropped%from%rest%how%far%did%it%travel%1.4%seconds%later.%

%

%

%

%

%

%

%

%

%

%

* An%object%in%free%fall%accelerates%at%9.81%m/s2.%If%it%is%released%from%rest%when%dropped%from%a%

100m%cliff,%how%fast%is%it%going%right%before%it%reaches%the%ground?%

%

%

%

%

%

%

%

%

%

%

%



* What%forces,%if%any,%are%acting%on%the%soccer%ball%after%it%is%kicked?%%

%

* The%soccer%ball%is%considered%a%_______________________________.%

* If%working%in%feet%(usually)%

%

* g%=%_________________%ft/sec2%

* If%working%in%meters%

%

* g%=%_________________%m/sec2%

%

Projectiles:*
_________________________________________________________________________________________________________________________%

%

_________________________________________________________________________________________________________________________%

%

_________________________________________________________________________________________________________________________%

%

_________________________________________________________________________________________________________________________%

%

%

%

%

%

%

%

%

%

%

%

%

% %

%

Speaking%the%Lingo:%

% Firing%Angle%(θ) 
 
%

%

%

% Initial%Velocity%(vi)%

%

%

%

%

%

%

%

%

%

%

%

%



%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

Variables:* Equation:* Equations*Rearranged:*
%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

Practice:%

* 1)% A%soccer%ball%is%kicked%from%the%ground%with%an%initial%velocity%of%25%ft/sec%at%an%angle%of%

30o.%The%ball%eventually%lands%at%the%same%height%at%which%it%was%kicked.%Knowing%that%g%=%32.15%

ft/sec2,%determine%the%range%of%the%soccer%ball.%

%

%

%

%

%

%

%

%

%

%

%



* 2)% A%golf%ball%is%launched%at%60o%to%the%horizontal%with%an%initial%velocity%of%25%ft/s.%%

* Calculate%the%distance%to%where%the%golf%ball%will%hit%the%ground.%

%

%

%

%

%

%

%

* 3)% A%football%is%thrown%with%an%initial%speed%of%25%ft/sec%at%an%angle%of%45o%to%the%horizon.%

Determine%the%maximum%range%of%the%football.%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

% %

%

%

Solving%for%the%Angle:%

* A%projectile%travels%38.88%ft%after%fired%at%a%velocity%of%50%ft/s.%Solve%for%the%angle%with%which%it%was%

fired.%

%

* What%two%angles%could%be%

used%to%shoot%the%projectile%

an%ideal%distance%of%8%ft?%
%

* What%would%the%actual%
initial%velocity%be%if%it%were%

calculated%using%the%

results%of%a%10o%firing%

angle?%

%



Name _____________________ 
 

Practicing Kinematics 
 

1. A soccer ball is kicked at varying angles and velocities from the ground. Calculate the missing variable. Show all of your 
work for each problem (equations, substitutions with units and final answer with units): 

 
a. vi = 20ft/s, θ = 25o, x =? 

 
 
 
 
 
 
 
 
 
 
 

b. vi = 7ft/s, θ = ?, x =10 ft 
 
 
 
 
 
 
 
 
 
 
 

c. vi = ?, θ = 25o, x =400ft 
 
 
 
 
 
 
 
 
 
 

d. vi = 80ft/s, θ = 65o, x =? 
 
 
 
 
 
 
 
 
 

e. vi = ?, θ = 25o, x =90ft 
 

 
 
 
 
 
 
 
 



2. A driver steps on the brake and brings the car to rest from 80 mph (35.76 m/s) to rest in 8.76 seconds.   
a. Determine the deceleration (negative acceleration) of the car in m/s2 

 
 
 
 
 
 
 
 
 

b. How far did the car travel in that time? (in meters) 
 
 
 
 
 
 
 
 

3. A rock is dropped from rest. How far did it travel when it reaches a speed of 5 m/s? 
 
 
 
 
 
 
 
 
 
 
 

4. If it takes you 5.30 minutes to get to school and you live 0.55 miles away, determine your average speed in both mph and 
m/s: 

 
 
 
 
 
 
 
 
 
 
 
 
 

5. What is the difference between vector and scalar? 
 
 
 

6. List out all vector quantities 
 
 
 
 
 

7. List out all scalar quantities 
 



Name _____________________                           Date __________ 
 

American Army 
Mountain Pass 

 

 
1. Log onto a laptop and pull up the Army program that is located on the desktop. It shows the letters 

“AA” with a star between them. 
 
2. Select “Mountain Pass” with the picture of the army tanks. Write down the 2 equations shown that you 

will use for this activity: 
 
 
 
 
 
 
 
 

 

 
 

3. Note: for this simulation the range is measured in meters. Therefore, the acceleration due to gravity is 
_________________. 

 
4. Procedure: 

a. You will be given practice examples to get to know the program.  
i. They give you one piece of data, either the angle or the initial velocity. You must first 

use the x and y data for the range to determine the range of the projectile.  
ii. Then you must use the other piece of information to solve for the missing variables.  

iii. You only get ONE try for each example! So if you make a small mistake then you have 
to do your work ALL over again for the next example.  

 
Example: 
 

 
 
First solve for the range:                                                           Then use the range and the angle to determine the  

initial velocity. 
 
 
 



iv. When you plug in your values you must be precise to two decimal places. Plug in your 
data and hit “FIRE”.  

v. If you are successful then you may go to the next set of data. 
 

5. You must show your calculations below. When you are successful you MUST show me the final page 
before exiting! I will sign your sheet and you are done! 

 
Show your work below: 

1. . 
Show your work for calculating the range: 
 
 
 
 
 
 
 
 
 
 

Show your work for calculating the missing variable: 

 
2. . 

Show your work for calculating the range: 
 
 
 
 
 
 
 
 
 
 

Show your work for calculating the missing variable: 

 
3. . 

Show your work for calculating the range: 
 
 
 
 
 
 
 
 
 
 

Show your work for calculating the missing variable: 

 
 
 
 
 



4. . 
Show your work for calculating the range: 
 
 
 
 
 
 
 
 
 
 

Show your work for calculating the missing variable: 

 
5. . 

Show your work for calculating the range: 
 
 
 
 
 
 
 
 
 
 

Show your work for calculating the missing variable: 

 
 

6. After you have successfully hit 5 targets call me over to verify the final page and I will sign below: 
 
 
 
 
x_____________________________________ 
 
 
Conclusion 
  

1. How might a ski jumper be able to increase jump distance by understanding projectile motion? 
 
 
 
 

2. What is the optimal angle for achieving the greatest horizontal displacement? 
 
 
 
 



3.  Describe at least two factors besides firing angle that could be changed to impact the range. 
 
 
 

For the following questions show all of your work: 
4. A mousetrap vehicle starts from rest and reaches a distance of 0.5 meters in 4.21 seconds.  

a. Solve for the average speed of the vehicle 
 
 
 
 
 

b. Solve for the acceleration of the vehicle 
 
 
 
 
 

c. Solve for the final speed of the vehicle 
 
 
 
 
 

5. A ball is released from rest. How far did it drop when it reaches a speed of 57 ft/s? 



Name%_________________________%
Projectile*Launcher*

%
Objective:%Your%task%is%to%create%a%projectile%launcher%that%launches%an%object%at%the%same%speed%but%
varying%angles.%Note:%this%is%not%a%trebuchet/catapult.%It%should%launch%like%a%cannon%where%the%projectile%
leaves%the%muzzle%in%a%straight%line.%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
Constraints:%

• You%may%use%found%objects%and%any%supplies%provided%to%you%by%your%instructor.%Any%
fischertechnik%supplies%MAY%NOT%be%glued%or%cut.%

• A%protractor%must%be%mounted%to%your%device%to%ensure%appropriate%firing%angles.%
Procedure:%

• Before%being%assigned%a%group%you%will%research%projectile%launchers.%Be%careful%not%to%spend%too%
much%time%researching%catapults%and%trebuchets,%that%is%not%what%you%are%making.%%%

• After%choosing%a%design%solution%you%are%to%outline%step%1%and%2%of%the%design%process%in%your%
engineer’s%notebook.%

• Once%you%are%done%with%this%step%you%will%be%assigned%a%group%where%you%can%share%your%ideas%and%
choose%1%solution%that%might%marry%all%the%ideas%(if%need%be).%

• Sketch%and%annotate%this%solution%in%your%notebook%(step%3%below).%
• Then%you%will%get%the%go%ahead%to%begin%to%build.%
• Follow%the%design%process%steps%below%on%what%you%should%include%in%your%notebooks.%

%
Make%sure%that%all%of%your%information%goes%into%your%engineer’s%notebook%following%the%design%process%

outline.%Be%sure%to%title%each%section.%
6*Step*Design*Process:*

• Step%1:%Define*the*Problem:%Here%you%state%the%objective%of%your%project.%Include%constraints.%
• Step%2:%Generate*Concepts:%Here%you%describe%your%research%idea.%
• Step%3:%Develop*a*Solution:%Here%you%develop%a%design%proposal%and%include%annotated%final%

design%drawing.%Explain%THOROUGHLY%%how%you%will%get%your%launcher%to%launch%at%different%
angles%while%staying%at%the%same%initial%velocity.%%%

• Step%4:%Construct*and*Test*a*Prototype:%Go%ahead%and%build.%%
• Step%5:%Evaluate*the*Solution:%If%something%is%not%working,%fix%it!%Be%sure%to%explain%what%you%

changed%in%your%notebooks!%
• Step%6:%Present*the*Solution:**Here%you%will%create%a%final%drawing%of%your%project%with%

annotations%on%how%it%works.%%Also%include%a%picture%of%your%project.%

Building*
Steps:*



Conclusion*and*Analysis:*
1. What%angle%launches%the%furthest?%
2. What%was%the%hardest%part%of%this%project?%
3. Launch%your%projectile%for%the%following%angles%and%measure%the%distance%away%that%the%projectile%

lands.%Insert%this%table%in%your%engineers’%notebook.%
Launch%Angle% Horizontal%Range%

(meters)%
15o% %
30o% %
45o% %
60o% %
75o% %
%

Calculations:%for%each%be%sure%to%show%all%mathematics%including%equations%and%substitutions%with%units%
in%your%engineer’s%notebook.%

1. Launch%your%projectile%up%at%90o%and%time%how%long%it%takes%for%the%projectile%to%reach%the%ground.%
This%data%should%be%recorded%3%times%and%the%average%taken%to%help%eliminate%human%error.%%Divide%
your%average%time%in%half%and%use%the%formula%!! = !! + !"%to%solve%for%vf%knowing%that%vi%is%0m/s%
(the%speed%at%the%top%of%the%projectile%path)%using%the%half%time.%

2. Using%the%initial%velocity%and%the%angles%given%in%the%chart%above%solve%for%the%horizontal%range%of%
the%projectile%for%each%angle.%Show%all%work%for%all%substitutions.%

3. Plot%your%data.%Your%chart%should%look%like%the%plot%given%in%the%notes.%You%should%have%a%
theoretical%curve%in%which%you%plot%all%the%calculated%horizontal%range%on%the%y%axis%and%firing%angle%
on%the%x%axis.%On%the%same%graph%plot%your%experimental%data.%Connect%your%points%noting%which%
curve%is%theoretical%and%which%curve%is%experimental.%

Rubric*
% 2* 4* 6*
Step*1I2*in*engineer’s*
notebook*

There%is%too%much%
information%missing%from%

Step%1c2%

Step%1c2%is%in%the%engineer’s%
notebook%but%it%is%unclear%
which%step%is%which%%

OR%%
There%is%some%information%

missing.%

Step%1c2%is%clearly%outlined%in%
the%engineer’s%notebook.%

Step*3*Design*Proposal* Your%sketch%is%unclear%and/or%
annotations%unclear%and%hard%

to%follow.%

Your%sketch%is%somewhat%
unclear%and/or%annotations%
unclear%and%hard%to%follow.%

Your%sketch%is%clear%to%
understand%and%is%correctly%
annotated%and%explained.%

Step*4I5*Building*Steps*
*
(ALL*RUBRIC*POINTS*X2)*

Your%design%has%many%
glitches%and%does%not%work%
properly%or%efficiently.%

%
4*POINTS*

You%created%a%design%with%
some%glitches%that%were%not%

addressed.%
%

8*POINTS*

You%created%a%working%design%
within%the%parameters%given%
and%all%simple%machines%and%
gear%trains%clearly%work%the%

way%intended.%
%

16*POINTS*
Step*6:*Communication* Your%final%sketch%and%picture%

is%lacking%in%annotations%AND%
does%not%explain%changes.%

Your%final%sketch%and%picture%
is%not%thorough%and%could%
have%been%explained%better.%%

%

Your%final%sketch%and%picture%
has%thorough%explanations.%

Calculations* Your%calculations%are%messy%
and%incomplete%and%not%

properly%labeled.%

You%did%not%label%equations%
and/or%units%

%OR%
%What%the%calculations%are%for%

is%not%clearly%labeled.%

All%calculations%are%clearly%
labeled%and%shows%equations,%
substitutions%with%units%and%
final%answer%with%correct%

units.%
Conclusion*and*analysis*
questions*

Too%much%of%your%conclusion%
is%incomplete.%

Conclusion%is%somewhat%
incomplete.%

Conclusion%is%complete%and%
all%questions%are%answered.%

%



Name ___________________        Date ___________ 
 

Kinematics Assessment 
 

1. A soccer ball is kicked from the ground with an initial velocity of 50 ft/sec at an angle of 25o. The ball 
eventually lands at the same height at which it was kicked. Determine the range of the soccer ball. You 
must show all work including equations and substitutions with units [3]. 

 
Equation Substitution with units Final Answer with units 
   

 
 

2. What angle will produce maximum range?[1] 
 

 
3. What initial velocity must the soccer ball be kicked with in order to hit a target that is 94.62 ft away if 

the ball is still struck at the same angle of 25o? You must show all work including equations and 
substitutions with units [3]. 

 
Equation Substitution with units Final Answer with units 
   

 
 

4. What angle must the ball be struck with if it is struck at 50 ft/s and it reaches the other player standing 
57 ft away? You must show all work including equations and substitutions with units [3]. 

 
Equation Substitution with units Final Answer with units 
   

 
 

5. What is the definition of a vector quantity? 
a. A quantity that has only magnitude 
b. A quantity that has only direction 
c. A quantity that has both magnitude and direction 
d. A quantity that has neither magnitude nor direction 

 
 
 
 



6. What is the definition of a scalar quantity? 
a. A quantity that has only magnitude 
b. A quantity that has only direction 
c. A quantity that has both magnitude and direction 
d. A quantity that has neither magnitude nor direction 

 
7. A racecar starts from rest at the starting line and reaches 60 mph (26.82 m/s) in 2.64 seconds.  

a. Determine the acceleration of the vehicle in m/s2 
Equation Substitution with units Final Answer with units 
   

 
 

b. How far did the car travel in this amount of time? 
Equation Substitution with units Final Answer with units 
   

 
8. A rock is dropped from rest off of a cliff. How far did it travel when it reaches a speed of 20 m/s? 

 
Equation Substitution with units Final Answer with units 
   

 
9. A runner ran the New York City Marathon in 2.65 hours. A marathon is a total of 26.2 miles.  

a. Determine the average speed of the jogger in mph. 
Equation Substitution with units Final Answer with units 
   

 
b. Determine the average speed of the jogger in m/s: 

Equation Substitution with units Final Answer with units 
   

 



10. Fill in either Vector or Scalar for the following table: 
Variable Vector or Scalar 

 
Acceleration 

 

 

 
Speed 

 

 

 
Distance 

 

 

 
Time 

 

 

 
Displacement 

 

 

 
Energy 

 

 

 
Force 

 

 

 
Mass 

 

 

 



Autodesk Inventor Review 

 

Curricular Goals: 

Students will be able to: 

● Create a threedimensional (3D) model of an object. 

● Apply geometric and dimension constraints to design CADmodeled parts. 

● Assemble the product using the CAD modeling program. 

● Brainstorm and sketch possible solutions to an existing design problem. 

● Summarize the reasoning for using sketching as a communication tool. 

 
Standards for Technological Literacy 

Standard 8: Students will develop an understanding of the attributes of design. 
BM H: The design process includes defining a problem, brainstorming, 

researching and generating ideas, identifying criteria and specifying 
constraints, exploring possibilities, selecting an approach, developing a 
design proposal, making a model or prototype, testing and evaluating 
the design using specifications, refining the design, creating or making 
it, and communicating processes and results. 

 

Standard 9: Students will develop an understanding of engineering design. 
BM F: Design involves a set of steps, which can be performed in different 

sequences and repeated as needed. 
BM G: Brainstorming is a group problem-solving design process in which each 

person in the group presents his or her ideas in an open forum. 
BM J: Engineering design is influenced by personal characteristics, such as 

creativity, resourcefulness, and the ability to visualize and think 
abstractly. 
 

National Science Education Standards 

Unifying Concepts and Processes Standard K-12: As a result of activities in grades 9-12, all 
students should develop 

· Form and function 

Science and Technology Standard E: As a result of activities in grades 9-12, all students should 
develop 

· Abilities of technological design 

 

Principles and Standards for School Mathematics 

Geometry: Instructional programs from pre-kindergarten through grade 12 should 
enable all students to analyze characteristics and properties of two- 



and three-dimensional geometric shapes and develop mathematical 
arguments about geometric relationships; specify locations and 
describe spatial relationships using coordinate geometry and other 
representational systems; apply transformations and use symmetry to 
analyze mathematical situations; and use visualization, spatial 
reasoning, and geometric modeling to solve problems. 

Measurement: Instructional programs from pre-kindergarten through grade 12 should 
enable all students to understand measurable attributes of objects 
and the units, systems, and processes of measurement; and apply 
appropriate techniques, tools, and formulas to determine 
measurements. 

 

Standards for the English Language Arts 

Standard 4: Students adjust their use of spoken, written, and visual language (e.g. 
conventions, style, vocabulary) to communicate effectively with a 
variety of audiences and for different purposes. 

 

Daily Lesson Overview 

Day 1: Basics - Creating 2-D Shapes into 3-D Objects 

● Show AI.1 alphabet block to recall memories of MS 

● Misconception - Inventor is used to create things/products - not art 

● Open new part file - Standard.ipt 

● Create a 2-d sketch on front view - review navigation/view cube 

● Review of line, circle, rectangle etc. tools to create 2-d shapes 

● Review dimensioning - click a line to set size 

● Everything must be a closed profile - all corners and ends mus meet up to make sure the 

shape is a closed figure with no overlapping lines 

● Make object 3-d 

○ Finish sketch, click the home view, extrude 

○ Extrusions allow you to change depth 

● Remainder of class for students to work on Inventor 

Day 2: Browser Bar (sample below) 

● Once a 3-d object is made users can sketch on surfaces of the object 

● Create a 2-d sketch and click on any surface 

● extrusions on top of extrusions 

● Watch browser bar - acts as a history panel 

● Every extrusion can then be changed 

○ Double click the extrusion to change depth 

○ Click the (+) next to an extrusion to see the original sketch to change dimensions 

● Discuss AI.2 Rainbow 



○ If users draw something like the house it will not extrude properly 

○ In order to see variances there must be a change in depth 

● Open AI.3 Browser Bar Lesson 

○ Fix letter A 

■ Delete one sketch  

■ Redraw the deleted shape to make the letter on one sketch 

○ Fix the letter O 

■ Double click the extrusion and change the direction 

● Discuss 3-D printer in this class 

○ Using Fischertechnik to build all projects 

○ one major project per quarter must include one 3-d printed part 

● Share AI.4 FT part  

● Remainder of class students can use Inventor  

 

Day 2 Lesson Plan 

Unit: Lesson: Browser Bar 

Goals - Students will: 

● Summarize the reasoning for using sketching as a communication tool. 
● Create a threedimensional (3D) model of an object. 
● Apply geometric and dimension constraints to design CADmodeled parts. 

Essential Questions: 

1. Why would engineers use threedimensional (3D) modeling when solving technological 

problems? 

Procedure: 

● Aim: How do you change anything that has already been created on Inventor? 

● Do Now: Log on and download the file titles “AI.4” and save it to your documents 

● Motivation: When designing we often need to make changes. Clients may change their minds 

and we always adapt as we go s it is important to be flexible in the designing process 

● Once a 3-d object is made users can sketch on surfaces of the object 

○ Show a basic cube and sketch on one of the surfaces 

○ Draw another shape and extrude that outward 

○ Extrusions also allow users to cut holes into shapes 

○ Show the differences in adding to shapes and cutting into them 

● While doing this ask students to watch browser bar 

○ Acts like a history panel  

○ Every sketch is linked to an extrusion 



○ If users need to change anything that has already been created it is in the browser bar 

● Every extrusion can then be changed 

○ Double click the extrusion to change depth 

● Sketches can be changed also 

○ Click the (+) next to an extrusion to see the original sketch to change dimensions 

● Open AI.3 Browser Bar Lesson 

○ Fix letter A 

■ Delete empty sketches 

■ Delete sketches so that there is only one left 

■ Every part of each extrusion has to be in it’s own sketch 

■ Redraw the deleted shape to make the letter on one sketch 

○ Fix the letter O 

■ Double click the extrusion and change the direction 

● Discuss 3-D printer in this class 

○ Using Fischertechnik to build all projects 

○ One major project per quarter must include one 3-d printed part 

● Share AI.4 FT part  

○ The basic Fischertechnik cube 

○ Students can modify this part however they want 

○ Use the dimensions given on this part in the future when designing new parts 

● Remainder of class students can use Inventor 



FOUNDATIONS OF ENGINEERING 
REFERENCE TABLES 

 

𝑰𝒅𝒆𝒂𝒍  𝑴𝒆𝒄𝒉𝒂𝒏𝒊𝒄𝒂𝒍  𝑨𝒅𝒗𝒂𝒏𝒕𝒂𝒈𝒆                       𝐷! = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒  𝑡𝑜  𝑡ℎ𝑒  𝑒𝑓𝑓𝑜𝑟𝑡 

𝐼𝑀𝐴 = !!
!!

                                                                𝐷! = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒  𝑡𝑜  𝑡ℎ𝑒  𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

𝑨𝒄𝒕𝒖𝒂𝒍  𝑴𝒆𝒄𝒉𝒂𝒏𝒊𝒄𝒂𝒍  𝑨𝒅𝒗𝒂𝒏𝒕𝒂𝒈𝒆                   𝐹! = 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒  𝑓𝑜𝑟𝑐𝑒                

𝐴𝑀𝐴 =    !!!!                                                           𝐹! = 𝑒𝑓𝑓𝑜𝑟𝑡  𝑓𝑜𝑟𝑐𝑒 

 
𝑬𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 =    !"!!"# 𝑥100                                          𝐶𝑜𝑚𝑝𝑜𝑢𝑛𝑑  𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝑠  𝐼𝑀𝐴 = 𝑀𝐴! 𝑀𝐴! 𝑀𝐴! … 

 
 
 
 
 
 

 
𝑰𝒏𝒄𝒍𝒊𝒏𝒆𝒅  𝑷𝒍𝒂𝒏𝒆                                                                    𝑾𝒆𝒅𝒈𝒆 
 

𝐼𝑀𝐴 = !(!"#$%)
!                                                                          𝐼𝑀𝐴 = !(!!!"#!!)

!  
 
 
 
𝐿 !"#$% = 𝑠𝑙𝑜𝑝𝑒  𝑙𝑒𝑛𝑔𝑡ℎ      𝐻 = ℎ𝑒𝑖𝑔ℎ𝑡  𝑜𝑓  𝑖𝑛𝑐𝑙𝑖𝑛𝑒                  𝐿 !!!"#!! = 𝐿𝑒𝑛𝑔𝑡ℎ  𝑜𝑓  𝑤𝑒𝑑𝑔𝑒                                                     
                                                                                                                𝐻 = 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠  𝑜𝑓  𝑤𝑒𝑑𝑔𝑒 

 
                                                                            
                                                                                                            

 

                                                                                        𝐺𝑅 =   !!"#!!"
= !!"#

!!"
= !!"#

!!"
= !!"

!!"#
 

 
                                                                               𝑪𝒐𝒎𝒑𝒐𝒖𝒏𝒅  𝑮𝒆𝒂𝒓𝒔: 
                                                                                                 𝐺𝑅!"!#$ = !

!
!
!  

 
 
 
 
 
 
 
 
  
 
  
 

𝑻𝒐𝒓𝒒𝒖𝒆 = 𝐹𝑑! 
 
𝑴𝒐𝒎𝒆𝒏𝒕 = 𝐹𝑑! 

𝑷𝒖𝒍𝒍𝒆𝒚  𝑰𝑴𝑨
= #  𝒐𝒇  𝒔𝒕𝒓𝒂𝒏𝒅𝒔  𝒔𝒖𝒑𝒑𝒐𝒓𝒕𝒊𝒏𝒈  𝒕𝒉𝒆  𝒍𝒐𝒂𝒅
− 𝟏  (𝒊𝒇  𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏𝒂𝒍  𝒂𝒅𝒗𝒂𝒏𝒕𝒂𝒈𝒆) 

Gears,   Sprockets   with   Chains  and  Pulleys  with   
Belts  Ratios  Lever  



 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

 
Wheel  and Axle 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d 

Effort 

Resistance 

Resistance 

Effort 

For Effort on the Wheel 
 
 

𝐼𝑀𝐴 =   𝐶!!!!"𝐶!"#$
= 𝑑!!!!"
𝑑!"#$

= 𝑟!!!!"
𝑟!"#$

 

 
𝐶 = 𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 

 
𝑑 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

 
𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠 

For Effort on the Axle 
 
 

𝐼𝑀𝐴 =    𝐶!"#$𝐶!!!!"
= 𝑑!"#$
𝑑!!!!"

= 𝑟!"#$
𝑟!!!!"

 

 
𝐶 = 𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 

 
𝑑 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

 
𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠 

𝑺𝒄𝒓𝒆𝒘               
𝐼𝑀𝐴 = 𝐶

𝑃𝑖𝑡𝑐ℎ 

 

𝑃𝑖𝑡𝑐ℎ =    1𝑇𝑃𝐼         
 

𝐶 = 𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 
𝑃𝑖𝑡𝑐ℎ = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒  𝑏𝑒𝑡𝑤𝑒𝑒𝑛  𝑡ℎ𝑟𝑒𝑎𝑑𝑠 

𝑇𝑃𝐼 = 𝑇ℎ𝑟𝑒𝑎𝑑𝑠  𝑝𝑒𝑟  𝐼𝑛𝑐ℎ 
𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠 

𝑑 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 
 

When installing with a 
screwdriver 

When installing with a 
wrench 



 

𝑲𝒊𝒏𝒆𝒎𝒂𝒕𝒊𝒄𝒔:             𝑣 = !
!  

                                    𝑣! = 𝑣! + 𝑎𝑡 
 
 𝑣!! = 𝑣!! + 2𝑎𝑑 
 
 𝑑 = 𝑣!𝑡 + !

! 𝑎𝑡
! 

 

 𝑥 = !!!!"#  (!!)
!  

 
 
 

 
𝑬𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒊𝒕𝒚  𝒂𝒏𝒅  𝑬𝒏𝒆𝒓𝒈𝒚 

 
𝑉 = 𝐼𝑅 
 

𝐾𝐸 = 1
2𝑚𝑣

! 

 
 
𝑃𝐸 = 𝑚𝑔ℎ 
 
𝑊 = 𝐹𝑑 
 

𝑃 =𝑊
𝑡  

𝑃(!"!#$%&#'") = 𝑉𝐼 
 

 
𝑮𝒆𝒐𝒎𝒆𝒕𝒓𝒚 

 
𝑎! + 𝑏! = 𝑐! 
 
𝐶 = 2𝜋𝑟 = 𝜋𝑑 
𝐴!"#$%&'(" = 𝑏ℎ 

𝐴!"#!$% = 𝜋𝑟! = 𝜋
4 𝑑

! 

 
𝑩𝒂𝒔𝒊𝒄  𝑪𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏𝒔 
  
1  𝑚 = 3.28  𝑓𝑡 
1  𝑘𝑚 = 0.621  𝑚𝑖 
1  𝑖𝑛 = 2.54  𝑐𝑚 
1  𝑚𝑖 = 5280  𝑓𝑡 
1  𝑦𝑑 = 3  𝑓𝑡 
1  𝑘𝑔 = 2.205  𝑙𝑏 
1𝑁 = 0.225  𝑙𝑏 
1  𝑚𝑖𝑙𝑒 = 1609.34  𝑚 

1  𝑁 = 0.225  𝑙𝑏 

�̅� = average speed/average velocity 
vf = final velocity 
vi = initial velocity 
a = acceleration 
t = time 
d = distance/displacement 
x = range (for projectiles only) 
𝜃 = theta, angle measured to the horizon 
g = acceleration due to gravity 

V=Voltage 
I = Current 
KE = Kinetic Energy 
m = mass 
v = velocity 
PE = Potential Energy 
g = acceleration due to gravity 
h = height 
W = work 
F = force 
d = distance 
t = time 
P = Power 
 

C = circumference 
r = radius 
d = diameter 
b = base 
h = height 
 

𝑔 = 9.81  𝑚 𝑠!!  𝑔 = 32.15  𝑓𝑡 𝑠!!  
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