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Abstract: The contemporary high-efficiency education in the sphere of digital technologies requires the employment of such 

demonstration methods and tools, which enable visual representation and illustration of the computer technologies in an attractive and 

accessible form. The aim is to let the learners, even if unprepared in the basic scientific and technological areas – physics, mathematics, 

informatics, electrical and electronic engineering, etc., easily to understand the working principle of the digital computer. 

The goal of this development, the subject of the current material, is the creation of a digital computer, realized using bistable relays 

(BRC44). The application is with the education of students and pupils in universities and schools in the educational subjects: informatics, 

computer science, information technologies, electronics, and physics. 

The BRC44 computer is a 4-bit computer with 4-bit data bus to the ROM memory. The employed architecture is of the Harvard type. 

The computer uses only bistable relays as active electronic elements without the implementation of monostable relays, vacuum electronic 

tubes, transistors and integrated circuits. 

The bistable relay based computer is designed around four master printed circuit boards, on which are mounted the bistable relays, the 

semiconducting diodes, the light emitting diodes, etc. 

The approbation of the BRC44 prototype with students demonstrated the easy perception of the working principle of the digital 

computer, due to the pictorial presentation, the light indication of the current state of each relay, etc. 

The computer is protected with a utility model registered at the Patent Office of the Republic of Bulgaria. 
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1. Introduction 

Computer technologies and more generally, digital 

technologies, are becoming inseparable part of most high-end 

devices and solutions nowadays. Almost without exception, the 

engineering approaches require the implementation of digital 

components and modules and the designer engineer needs to be 

fluent in the digital realm. Hence, engineering education in all or 

almost all spheres is dependent on proper digital technologies 

education in the university programs. Furthermore, the pre-

university preparation of students in high-schools is also dominated 

by computer science and correct and deep initial understating of the 

principles of digital technologies and electronics circuits is an 

essential prerequisite for successful university education.  

An already tested and working approach for students’ 

involvement to digital knowledge assimilation is the 

implementation of demonstration methods and tools that rely upon 

visual representation and illustration of the computer technologies 

in an attractive and accessible form. Thus, even if students are 

untrained in the basic scientific and technological areas such as 

physics, mathematics, informatics, electrical and electronic 

engineering, etc., essential for successful digital engineering career, 

by using the proposed educational approach it is easy to grow 

understanding of the working principles of the digital computer and 

to obtain basic comprehension of electronics. 

                               

Fig. 1. Atanasoff–Berry Computer at Durhum Center – left (Attribution: 

Manop [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], via 
Wikimedia Commons); John Vincent Atanasoff – right (copyright 

http://www.pamettanabulgarite.com/profile/VirtualenmuzejDzhonAtanasov). 

The goal of the Bistable relay computer BRC44 development is 

the creation of a digital computer, based on bistable relays. The idea 

was conceived by the first author in 2015 when he identified the 

historical connection on one hand and the visualization means on 

the other, offered by a relay based digital computer available to 

students in classrooms and laboratories for hands-on examination, 

testing and experiments. 

Thus the target group of students that could appreciably benefit 

from using such a machine in their education was identified as 

students and pupils in universities and schools taking classes in: 

informatics, computer science, information technologies, 

electronics, and physics. 

2. The beginning
Грешка! Източникът на препратката не е 

намерен.
 

The idea to create the BRC44 machine emerged in 2015 while 

studying history of digital computers for the purpose of computer 

science education at the Faculty of Physics, Sofia University, 

Bulgaria. The most prominent period in the automated calculation 

machines was World War II when the age of the digital computing 

was born. This age is in fact the dawn of the working (not 

theoretical) digital computer. The digital computer was 

implemented efficiently, during the dark years of this devastating 

war, in solving tasks such as simulations of physical processes, code 

braking, etc. 

 

Fig. 2. Atanasoff–Berry Computer diagram pointing out its various 
components (source: Wikipedia.org, copyright: public domain) 

One of the first pioneers in digital computing is the scientist 

with Bulgarian origins John Vincent Atanasoff who created, 

together with his assistant Clifford Berry, the ABC (Atanasoff–
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Berry computer) [1] shown on Fig. 1 and Fig. 2. ABC was 

successfully tested in 1942. It was not programmable and was 

meant to solve one concrete problem. Nevertheless, ABC 

established a number of digital computer principles in practice such 

as regenerative capacitor dynamic random-access memory (RAM), 

parallel processing, fully electronic binary operations using vacuum 

tubes, among others. For this reason ABC is considered by many 

the first working electronic digital computer of all times. The 

computer weighed about 320 kg, contained approximately 1.6 km 

of wire, 280 dual-triode vacuum tubes, 31 thyratrons, and had the 

size of a desk (fig. 2). ABC’s memory represented a regenerative 

capacitor memory, consisting of a pair of drums, each one 

containing 1600 capacitors. The drums rotated on a common shaft 

once per second. This memory system established the machine’s 

speed, which was 30 additions/subtractions per second. Data was 

stored using fixed-point numbers of 50-bits each. The computer 

could manipulate 60 such numbers at a time or 3000 bits [2–6]. 

Notwithstanding, the essentially first working programmable 

digital computer was the Konrad Zuse’s Z3, which was a relay 

computer, i.e. electromechanical, not electronic one like the ABC 

(fig. 3). 

 

   

Fig. 3. Z3 at Deutsches Museum – left (Attribution: Venusianer [CC 

BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia 

Commons); Konrad Zuse (1992) – right (Attribution: Wolfgang Hunscher, 
Dortmund [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], 

via Wikimedia Commons). 

The Z3 computer contained 2000 electromechanical relays and 

used 22-bit floating point words encoded through binary system [7]. 

Its speed of operation was from 5 to 10 clock cycles per second. 

Programs and data were stored on punched films. Z3 computer was 

initially engaged in operation at the German Aircraft Research 

Institute in Berlin in 1941, where it was employed in statistical 

analyses of wing flutter. Konrad Zuse built also the Z4 computer in 

the late years of the war [8].  

At that time using electronic vacuum tubes as active elements in 

computers was prohibitively expensive. Hence some of the first 

computer pioneers turned to electromechanical relays instead. The 

utilization of relays in digital computers was conceived 

independently of Konrad Zuse’s work in 1937 by Claude Shannon 

who theorized on mapping Boolean algebra onto electromechanical 

relays [9]. 

In the United States there was also a relay computer 

successfully built. It was called Harvard Mark I (Fig. 4). In contrast 

to Z3, beyond electromechanical relays it employed purely 

mechanical systems such as rotating shafts and clutches. Harvard 

Mark I started operation in the beginning of 1944 and one of the 

first programs executed was written by John von Neumann aimed at 

solving problems for the Manhattan project [10]. 

Citation from the IBM Archives [11]: 

“The Automatic Sequence Controlled Calculator (Harvard 

Mark I) was the first operating machine that could execute long 

computations automatically. A project conceived by Harvard 

University’s Dr. Howard Aiken, the Mark I was built by IBM 

engineers in Endicott, N.Y. A steel frame 51 feet long and 8 feet 

high held the calculator, which consisted of an interlocking panel of 

small gears, counters, switches and control circuits, all only a few 

inches in depth. The ASCC used 500 miles (800 km) of wire with 

three million connections, 3,500 multipole relays with 35,000 

contacts, 2,225 counters, 1,464 tenpole switches and tiers of 72 

adding machines, each with 23 significant numbers. It was the 

industry’s largest electromechanical calculator.” 

   

Fig. 4. Harvard Mark I input/output and control readers – left 

(Attribution: The original uploader was Daderot at English Wikipedia. [CC 

BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia 

Commons); Howard Aiken was the designer of Harvard Mark I – right 

(image is in public domain, source: Wikipedia.org). 

3. Why a bistable relay computer? 

The BRC44 computer was conceived as an innovation, not just 

as a historical replica of the WWII era. The novelty implemented is 

that the whole machine is created around bistable, instead of 

monostable electromechanical relays. 

Although built during peace time in Bulgaria, the dramatic 

invention of unique circuit designs, the lack of funding, the extreme 

labour hours spent soldering tens of thousands of soldering points, 

brought the authors as a time machine to the 1940-ties – that dark 

decade sparkled with technological insights and revolutionary 

breakthroughs. 

BRC44 is a 4-bit computer with 4-bit data bus to the read-only 

memory (ROM). The employed architecture is of the Harvard type. 

ROM is used to store programs and is realised through DIP 

switches. The address space of the ROM memory is flat with 8-bit 

address. Each memory cell consists of 4 bits hence the machine 

implements 256 x 4 = 1024 bits or 128 bytes of ROM. The RAM 

consists of sixteen 4-bit words, hence the RAM data bus is again 4-

bits wide and the RAM address space is 4-bits. There are 64 RAM 

bits in total. 

As mentioned earlier, the computer uses only bistable relays as 

active elements without the implementation of monostable relays, 

vacuum electronic tubes, transistors and integrated circuits. This 

fact asked for novel development of the circuit design for all logic, 

arithmetic, memory, and combinatorial functional blocks of the 

machine. 

The bistable relay based computer is designed around four 

master printed circuit boards. The ROM block is shown on Fig. 5. 

On these master modules are mounted the bistable relays, 

semiconducting diodes, light emitting diodes, switches, etc. There 

are about 500 relays employed, 2000 diodes, 500 LEDs, and 1100 

switches. The whole computer is developed in one plane and the 

lack of compactness of the design is imposed by the requirement for 

easy visual and manual access to all parts of the computer. 

 An online simulator of the computer was published in the 

interactive multimedia journal Engineering and Science Education 

and is available for use freely by anyone with access to the Internet 

[12]. 

The computer is protected with a utility model registered at the 

Patent Office of the Republic of Bulgaria – Reg. No 2821 U1 since 

26/07/2017. 

4. The BRC44 debut 

The first idea of resurrecting the World War II digital computer 

technology here in Bulgaria came to fruition during the open days at 
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the Faculty of Physics, Sofia University in the spring of 2015. In 

front of the public a small building block of the Konrad Zuse’s Z3 

machine was demonstrated – namely a 4-bit counter and a 4-bit 

adder with a clock circuit (20 relays in total). The adder was 

following exactly the ingenious schematic of Zuse. All circuits were 

built on a single breadboard 40 by 40 cm, consisted of the original 

type of Z3 telephone relays with the sole difference of being 

powered by 12 V. The power supply was a NiMH battery. The 

public astonishment was so overwhelming that even TV news team 

filmed the event and immediately broadcasted it on the news at 

noon the same day. In the afternoon a lot more people came, who 

have watched the news report, to see the dubbed war time computer 

replica. 

 

 

Fig. 5. ROM master printed circuit board of BRC44. 1024 switches are 
arranged in a two dimensional array with 16 rows and 64 columns. This 

master block also includes the memory decoders and auxiliary circuitry 

(image copyrighted by Svetoslav Zabunov, 2019). 

The power of using relays instead of any other type of active 

elements was serene. The circuits’ principle of operation was clear 

even to kids, and the clicking noise of the machine inspired 

spectators’ enthusiasm and triggered their will to understand the 

inner workings of the machine. This clicking noise created a notion 

among the observers of the mechanism the computer is based upon 

– namely that it is after all nothing more than a machine, yet a fast 

machine. 

5. Educational aspects using the Bistable relay 

computer BRC44 

A few years later the first approbations with the BRC44 yet 

unfinished prototype took place at the Space Research and 

Technology Institute – Bulgarian Academy of Sciences within a 

small circle of visitors. Again, the participants ascertained the ease 

of perception of the working principle of the digital computer, due 

to the pictorial presentation, the light indication of the current state 

of each relay, the clear path of the electrical signal and the obvious 

principle of operational of the bistable relays being switched by the 

electrical current between their two stable states. 

It was identified that the computer is suitable for education of 

the following scientific and technological ideas: 

To understand the electrical circuits in general 

The computer’s mechanism of operation is easily followed by 

observing the signal path in its partial or full schematic, then 

projecting the schematic diagram on the prototype master printed 

circuit boards. All relays are large enough to be identified along 

with their leads by the observer. Same is true for the other 

electronic elements comprising the computer. 

 

 

 

To understand the different types of discrete electronic 

components 

The function of a number of discrete electronic and 

electromechanical components is lucidly comprehended, such as 

• Bistable relays that resemble normal switches, but turned 

on and off by electric current, instead of one hand 

• Resistors – passive components that limit the electric 

current flow 

• Capacitors – passive components that store electrical 

energy 

• Semiconductors that let the current flow only in one 

direction 

• Light emitting diodes – electronic components that 

substitute the light bulbs and emit light in different colours 

• Switches – just switches 

• Connectors – terminals that are used to interconnect the 

cabling between the master printed circuit boards. 
 

To understand the electrical wiring mechanisms and how 

circuits are constructed 

The BRC44 is suitable to show to student and alike the 

principles of constructing printed circuit boards, the mounting of 

components on them and the approaches if interconnecting the 

boards together using electrical wiring. 
 

To understand the representation of numbers through digital 

binary components 

More into the digital computing arena the student is capable by 

the help of examining the operation of BRC44 to get into the binary 

system of representing digital number with the use of two-state 

electronic or electromechanical elements, each of which is used to 

represent one bit of information. The switching of the bistable relay 

is audible, thus the observer literally senses the process of changing 

the state of one bit in the computer memory for example. 
 

To understand the logic circuits 

Further, for the more advanced students, BRC44 demonstrates 

the inner working of the simple logic circuits performing operations 

such as logical AND, OR, XOR, NAND, etc. Then the more 

complex combinatorial logic circuits may be observed like binary 

decoders, binary multiplexers, etc. 
 

To understand the memory circuits 

Another aspect of digital computing is effortlessly understood 

through the bistable relay principle. The RAM memory bit is 

realized through one bistable relay. 
 

To understand the oscillator and clock circuits 

Once logic and memory components are figured out, the student 

is ready to follow the principle of the oscillators – a new circuit is 

introduced – the timing circuit where capacitors and resistors are 

required. 
 

To understand the major building blocks of a digital computer 

Finally, the student is introduced to the major building blocks of 

the digital computer: 

• Read-only memory (ROM) with its inherent address 

decoders and multiplexers 

• Random-access memory (RAM) with its accompanying 

address decoders, multiplexers, read and write circuitry 

• Central processing unit (CPU) and its components: 

sequencer, arithmetic logic unit (ALU), instruction decoder 

• Display module and I/O 
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To understand the digital computer architectures – Harvard 

architecture and Von Neumann architecture 

Finally, the student may acquire full understanding of the 

computer architectures such as the instruction set, instructions with 

variable and constant length, what microcode is and how each 

instruction is interpreted as a sequence of micro code operations 

that are further executed by the CPU sequencer, the difference 

between the Harvard and von Neumann architectures and so on. 

 

6. Conclusion 
 

After examining the current state of the art of relay based 

digital computer created recently and also taking into account 

all models developed in the beginning of the digital computer 

era, the authors ascertained that there has never been 
developed so far a digital computer fully based on bistable relays 

and that the BRC44 is the first one in the world. Consequently the 

computer was applied for a patent at the Patent Office of the 

Republic of Bulgaria. 

Authors are pleased for being helpful with this innovative 

approach in computer science education in Bulgaria and in the 

world and plan on continuing there passionate innovations in the 

avenue of education in computers, physics, aerospace studies and 

mathematics, among others. 
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