
 Mechanical Logic 1 

 

Mechanical Logic 
 

Project Members: 
Spencer Barton, Connor Brem 

Advisor: 
James Hoe 

 

Abstract  

 

 Boolean logic, the math of true/false or 1/0 values, forms the foundation of many 

important operations experienced in daily life. This project seeks to demystify basic Boolean 

logic through the use of mechanical logic gates as a teaching tool for high school students. We 

will construct a series of push-pull logic gates from wood that will model basic Boolean math 

operations such as AND, OR, NOT and XOR (exclusive OR). Utilizing these units, we will then 

teach students the fundamentals of Boolean logic and demonstrate how powerful this concept 

can be. Through these education tools and lessons, we hope to interest high school students in 

Boolean logic and its application in electrical and computer engineering. 

 

Research Question and Significance 
 

Despite its power, simplicity and relevance to modern computer engineering and science, 

Boolean algebra (or logic) receives little to no attention in high school mathematics curricula. 

Our goal is to develop a novel and visual method of teaching basic Boolean logic operations 

through associating abstract mathematical concepts with modular mechanical logic gates. Our 

project addresses two key questions: first, how to efficiently construct simple, visual and 

modular mechanical logic gates? Second, what is the optimal way to teach high school students 

the basics of Boolean algebra? 

Virtually all modern computers are built from electronic logic gates which perform 

Boolean operations. A demonstration of the basics of this algebra may allow students to 

extrapolate the potential complexity and power of Boolean operations. A basic understanding of 

this algebraic system is a vital stepping-stone to understanding, appreciating and possibly even 

participating in the technological world in which we live 

In addition to this goal of spreading important knowledge, we hope to peak the interests 

of high school students to pursue careers in STEM (science, technology, engineering and math) 

fields. This project in particular highlights an important idea in computer engineering and 

science. Exposure to topics in engineering at the high school level is one of the most significant 

ways to sustain a new generation of innovators. 

 

Project Design and Feasibility 

 

The first question concerns the construction of an elegant teaching tool. We propose to 

build a set of mechanical logic gates that will perform logic operations using push and pull rods 

to represent the true and false values of Boolean algebra. Such units have been built in Lego and 

K’nex, but these designs are limited in their visual simplicity and modular scalability by the 

range of parts available in those toy sets. 
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We plan to construct our devices from wood with dowels as the push-pull elements. 

Wood is fairly cheap and allows a broader range of building options. While we have not 

determined exact dimensions for the units, we have defined a few design parameters. Each logic 

gate unit will consist of a box approximately 4 inches by 6 inches by 3 inches with one or two 

input rods extending from one side and one output rod extending from the opposite side. The 

sides will be wood while the top and bottom will be Lexan to allow student to visually observe 

the inner workings of the devices. Small springs or rubber bands will also be used to provide a 

default state for each of the units. The diagrams below outline the basic framework of an AND, 

OR, XOR and NOT gates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to construct these devices, we will use Robotics Club facilities. This project has 

been approved as a Robotics Club project, giving us access to Robotics Club tools  and expertise. 

We will construct at least four of each of the following modules: AND, OR, XOR, and NOT. 

This number of logic gates will allow us to construct a simple two-bit adding device (capable of 

adding two inputs from 0 to 3). The process of construction will begin with design using CAD 

software (SolidWorks) to establish proper dimensions as well as to test the modules’ interactions. 

From these designs, we will construct prototype units and the final set of units. 

Once the construction of the basic units is complete, we will assemble a curriculum. The 

target audience will be high school juniors and seniors in physics and math classes. One of our 

group members attended Mt. Lebanon High School, providing us with a contact to teachers. The 

curriculum will cover the concepts of Boolean algebra, beginning with the basic operations 

AND, OR, NOT, and XOR and moving to more complex topics such as De Morgan’s Law. 

While we teach this Boolean algebra, we will also demonstrate these various operations in a 

visual manner using the logic gates. 

From this foundation in Boolean operations, we will teach basic binary number 

representation and binary addition. The students will then construct a 2-bit adding device to 

demonstrate the power of simple Boolean algebra to complete the more complex process of 

addition. In both cases, we will illustrate these concepts in Boolean algebra before students prove 

   

 

AND: Two inputs push on a 

pivoting output bar so that the 

bar can only be pushed out 

when both inputs push in 

OR: Two inputs push on a 

output bar such that either or 

both push the output out 

NOT: Takes one input and 

inverts it such that a push returns 

a pull and a pull returns a push 

XOR (exclusive OR): Two inputs are connected such that the 

piece between them only pivots when one is pushed while the 

other input is pulled. This action extends a bar that pushes the 

output. If the outputs are both pulled or pushed, then this 

pivoting does not occur and the output is left pulled in. 

These designs are inspired from LEGO and K’nex constructions found online: 

http://www.youtube.com/watch?v=3vXlQZvS-nM and http://goldfish.ikaruga.co.uk/logic.html 
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their validity using the logic modules. At the end of this presentation, we will explain that the 

basic concepts they have learned can be used to build devices as sophisticated as computers.  

Our timetable for this project spans the fall semester. Design of the modules will be 

conducted independently over the summer. In the first three weeks of school, we will formalize 

our designs and construct prototype elements. These first few weeks will also be a time to 

advertise the project as this will be when Robotics Club members are deciding in which projects 

to engage. Once we have a basic design in place construction will take five weeks. Developing 

the curriculum and practicing the lessons will take two weeks. The remaining time in the 

semester will be used to present our lesson. 

This project will be completed as an extracurricular activity. As a Robotics Club project, 

weekly meetings will be held with additional build sessions as necessary. Thus we will put in 

approximately two to five hours per week. The majority of work will most likely be completed 

on weekends. 

 

Background 
 

Both current group members will have completed 18100 by the end of this semester. 

Connor Brem will also have completed 18240, Structure and Design of Digital Systems, which 

covers the topics of Boolean algebra in much more detail than we intend to teach. Both members 

have adequate machine and tool experience to construct the units.  In addition, Spencer has a few 

years of formal teaching experience through the Boy Scouts. 

 

Feedback and Evaluation 
 

Professor James Hoe will advise this project. We will meet bi-weekly to review progress 

as per the timeline outlined above. Progress will be gauges by a few milestones. By week three 

we will have a construction-ready design in CAD. By week eight at least four of each of the 

following modules: AND, OR, XOR, and NOT will be built. At week ten we will have 

developed a thirty minute presentation utilizing the units which presents the curriculum laid out 

above. Professor Hoe will be available during this process to provide necessary feedback and 

evaluate effectiveness. 

 

Dissemination of Knowledge 

 

The purpose of this project is to spread knowledge of basic Boolean operations. By its 

very nature this project disseminates knowledge. Specifically, we will deliver a thirty-minute 

presentation to at least two or three high school classes. We also hope to reach out to other high 

schools to deliver the presentation. Robotics Club also occasionally participates in outreach 

events such as the Pittsburgh Mini Maker Fair, where these education units could prove to be 

very useful. Finally, this project will be presented at the Meeting of the Minds. 

When this project is complete, it will include a set of mechanical logic gates and a write-

up detailing a presentation utilizing the gates. This write-up will be made available online, so 

that any teacher with be able to give a similar lesson, whether or not they have access to a set of 

the mechanical logic elements. In the end, we hope that our efforts will inspire some interest in 

Boolean algebra and its applications. 


