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SUMMARY 

The most impressive episode of technological and scientific progress is the Islamic Golden Age, which 

took place from the 8th to the 14th century. Particular attention is given to engineering. Therein, this 

paper will closely consider the works of such brilliant Muslim engineers as Al-Jazari and the Banu Musa 

brothers in their designing sophisticated mechanical devices that represented complex automata, 

advanced water clocks, and complex irrigation systems. Indeed, these inventions showed great knowledge 

in mechanics and hydraulics; detailed manuscripts recording them made their influence felt in the 

engineering practices of both Islam and Europe. Thus, it is this embedding of practical engineering 

solutions with scientific inquiry that enabled the era to further the development not only of mechanical 

devices, but also laid the bedrock for modern engineering principles. The paper threads through the 

historical contributions of engineers in the Golden Age of Islam and their legacy in terms of shaping the 

course of technology advancement and human knowledge. 

Key words: mechanical engineering, automata, water clocks, hydraulic systems, medieval engineering, 

history of engineering. 
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INTRODUCTION 

The Islamic Golden Age from the 8th to the 14th century was a time of transformation when many 

scientific fields changed very fast, above all engineering. In this era, Muslim scientists and engineers 

used their profound knowledge in mathematics, physics, and mechanics for developing new complicated 
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mechanical gadgets and hydraulic devices. These inventions would not only prove their technical 

abilities but also serve in practically important ways agriculture, urban planning, and life. The figures of 

Al-Jazari and the Banu Musa brothers epitomized such an era by writing pioneering works that laid the 

bedrock for many of the modern principles of engineering and technologies [1]. 

The ingenuity of Al-Jazari in devising the most complex water-raising and automaton devices, among 

them the water clocks and the double-acting piston pump, demonstrated his perfect cognizance of 

hydraulics and mechanics. As an ingenious inventor, his concepts were amazingly well-documented, 

marrying artistic creativity with practical functionality. The Banu Musa brothers, in turn, limited their 

interests to purely mechanical and pneumatic principles in their “Kitab al-Hiyal”, a collection of 

automated devices with feedback mechanisms and programmable elements prefiguring those of modern 

control systems. 

These few innovations of the engineers were not individual works but a part of an intellectual culture 

comprising empirical research, experimentation, and the translation of knowledge from one culture to 

another. Their works paved the way for later generations of engineers both in the Islamic world and 

Europe, thus connecting the bridge between the engineering traditions of antiquity and the technological 

achievements of the modern era [3]. 

AL-JAZARI AND HIS MECHANICAL DEVICES 

Ismail Al-Jazari is considered one of the most important engineers and inventors of the 12th century and 

has been claimed to be the "father of robotics" because of his work with automata and other mechanical 

engineering early in his career. His book, “Kitab fi Ma'rifat al-Hiyal al-Handasiya” (The Book of 

Knowledge of Ingenious Mechanical Devices), is the most important original manuscript in the field of 

mechanical engineering and describes over fifty mechanical inventions that include water-powered 

clocks, complex automata, and sophisticated water raising machines. 

Perhaps most famous among all of Al-Jazari's inventions and bringing out his genius to include many 

cultural elements is the “Elephant Clock”. This gadget-like device assumes much more than just a device 

for telling time but stands as a symbolic revelation of the multi-cultural world of the medieval Islamic 

Empire, containing parts from different traditions, including Indian, Greek, and Egyptian elements-a 

symbol of the unity of these civilizations and their common knowledge [6]. 

In addition to his work on automata, Al-Jazari had experience with hydraulic engineering, improving 

the water-raising machine and building a double-acting pump fitted with a system of valves and a suction 

pipe. It could be regarded as the ancestor of the modern reciprocating pump and reflected his high level 

of attainment in fluid mechanics. He documented each one of his inventions in great detail, including 

illustrations and instructions on how to replicate them, therefore ensuring that his knowledge was passed 

on to future generations. The works of Al-Jazari have had a lasting impact in the field of engineering 

and mechanics, influencing many of his contemporaries, as well as later engineers in the Islamic world 

and Europe. His genius of invention, his approach to problem-solving, remain an inspiration to the 

engineer and the historian alike, and he can be confidently regarded as one of the great mechanical minds 

of the medieval world [4]. 

THE BANU MUSA BROTHERS AND THEIR WORKS 

The three brothers Ahmed, Muhammad, and Hasan Banu Musa were prominent scholars in the 9th-

century Islamic Golden Age and made outstanding contributions in mathematics, astronomy, and 

mechanics. Their most famous work, “Kitab al-Hiyal” (“The Book of Ingenious Devices”), is a 

pioneering compilation of over 100 mechanical inventions that demonstrate their prowess with 

pneumatic and hydraulic principles. Some of the mechanical devices described in the text range from 

self-trimming lamps to fountains and water dispensers. For the first time, they introduce the early 

concepts of feedback control systems, epitomizing their sophisticated approach to automaton and 

mechanics [7]. 
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In addition, one of the incredible inventions credited to these brothers is the programmable flute player, 

a mechanical automaton which, through manipulation of airflow in its interior, could play many different 

melodies. Such a contraption reflected an advanced knowledge of programming principles whereby a 

mechanical system could execute a set of tasks that were equally complex in a pre-determined manner. 

It also underlined how well they combined creative ability in the arts with technical capability and 

established an example of ingenuity for engineering expertise in that age [8]. 

Apart from working with mechanical devices, the Banu Musa brothers contributed much to developing 

mathematical theories of the solution of geometrical problems and conic sections, finding afterwards 

essential use in science, first in Islam and then in Europe. In fact, their integration of theoretical 

knowledge with practical applications laid the basis upon which future engineering, mechanics, and 

automation would be built. Their work influenced not only Islamic engineering practice but also, through 

its Latin translations, European technological development during both the Middle Ages and the 

Renaissance. 

The legacy left by the brothers Banu Musa speaks volumes to the ingenuity of the Islamic Golden Age. 

Their works on mechanical engineering and mathematics stand out as exemplary features of the era, 

given that it was committed to scientific investigation and love for learning serving in connecting the 

gap between ancient scientific traditions and the later centuries of technological development [9]. 

INNOVATIONS IN WATER MANAGEMENT 

Water management formed a significant feature of life and development within the Islamic world. 

Engineers developed sophisticated systems to capture, store, and distribute water for agriculture, urban 

consumption, and even recreational uses. The construction of “qanats” or underground channels, with 

the further development of “noria”, or water wheels, was so important that they turned arid landscapes 

into fertile agricultural zones, thus allowing communities to thrive in normally difficult environments 

[12]. 

The so-called “qanat” system-idea indigenous to ancient Persia but perfected and diffused by the 

engineers of Islam-included the digging of a series of well-like vertical shafts linked by a series of gently 

sloped tunnels in order to capture groundwater sources, then transport water long distances. This brilliant 

system made sustainable the irrigation of crops and the supplying of water to settlements, hence securing 

agriculture even in the harshest arid climates. The use of *qanats* spread from Iran and the Arabian 

Peninsula throughout the Islamic world to include North Africa and Spain, the best testimony to the 

adaptability and efficiency of this ancient engineering marvel [10]. 

Another very important innovation was the “noria”, or a water wheel for raising water from a river or 

stream into an aqueduct for irrigation purposes. These wheels, often powered by the flow of water, could 

be quite large and unwieldy with their buckets or pots attached to the periphery of the wheel. As the 

wheel turned, it lifted the water up and poured into a canal system that in turn would distribute the 

precious liquid to either fields or urban areas. In this way, this technology increased the efficiency of 

water distribution while enabling larger agricultural estates and urban centers to develop [11]. 

In particular, Al-Jazari made revolutionary contributions to the management of water. He designed the 

first known reciprocating piston pump, with double-acting cylinders and valves that showed an 

extremely good understanding of hydraulics. This pump elevated water with far greater effectiveness 

compared to devices from the past and thus enabled the irrigation of considerable expanses of land and 

the supply of water to cities and palaces. His water-powered devices, such as automatic fountains and 

complex water clocks, further beautified and embellished the gardens and palatial estates of the time, 

meshing function with aesthetics [5]. 

Qanats 

Qanats were the most prevalent type of underground waterways developed to bring water from an 

aquifer to the surface, used mostly in Iran and the Arabian Peninsula. They tapped subterranean water 

sources and transported them over long distances to irrigate fields and supply communities. The design 
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of the system reduced water loss through evaporation, hence suitable for arid climates. Qanats were 

frequently many kilometres long and had to be engineered with extreme precision to allow water to flow 

with only a slight gradient-without pumps (Figure 1).  

 

Figure 1. Qanat. (http://surl.li/ndflja)[2] 

Noria (Water Wheels) 

The “noria” is an overshot water wheel carrying on its rim a series of buckets or compartments. Impelled 

by the current of the river, it raises water and discharges it into irrigation canals or aqueducts. One of 

the most widespread devices throughout Syria, Spain, and North Africa was the noria, used to raise water 

from relatively low levels to the agricultural fields and urban centers. The wheels vary in size, with some 

over 20 meters high. Both mechanical principles and hydraulics were well known by the civilizations 

that built such wheels (Figure 2 and 3).  

 

Figure 2. Parts of the Noria (http://surl.li/nsyrgo) 

http://surl.li/nsyrgo
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Figure 3. Persian Noria Using a Wheel of Pots for Raising Water (http://surl.li/nsyrgo) 

Saqiya (Water-Lifting Devices) 

A “saqiya” is a mechanical water-lifting device powered by animals, including oxen or donkeys. It 

consists of a vertical wheel with attached buckets or containers that can be turned in a circular path to 

raise water from wells or cisterns. Upon the rotation of the wheel, it would spill into an elevated channel 

for irrigation or domestic use. Saqiyas were in wide usage throughout Egypt, the Levant, and the 

Maghreb. Their design incorporated gears and cranks that showed the ingenuity of engineering (Figure 

4). 

 

Figure 4. Al-Jazari's advanced saqiya, both animal- and water-wheel-driven (1206) 

Advanced Aqueduct Systems 

Aqueduct systems involved a series of intelligently articulated engineering works by Islamic engineers 

in order to guarantee that water would be available to a city, a palace, or agricultural lands. In the cities 

of Cordoba in Spain and Baghdad in Iraq, for example, aqueducts transported water over great distances 

right into the heart of public baths, fountains, and lush gardens, reflecting advanced civil planning and 

resource management. Typically implemented in conjunction with water wheels and pumps, this 

facilitated water supplies to higher elevations and urban areas. This was constructed of stone and mortar 

and necessitated a great deal of precision in maintaining a consistent flow of water. This reflects quite a 

remarkable level of hydraulic engineering skill and knowledge of gravity and pressure management. 

http://surl.li/nsyrgo
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These include the aqueducts in Cordoba, for example, that drastically changed the place into a centre of 

culture and economic activity. This system of waters allowed farmers to irrigate large tracts of farmland 

around the city and it supplied water to the many public facilities within it-from bathing houses to 

mosques. In addition, it was also topographic since the shape of the land was regarded where the incline 

of the gradient allowed the distribution of water throughout with very little loss. 

The aqueducts in Baghdad supplied part of the larger network to the sprawled-out urban population. 

They supplemented the natural resources of the Tigris River to feed the gardens and public areas of this 

city and finally elevated Baghdad as a thriving intellectual and cultural hub. The engineering developed 

for such aqueducts would later influence hydraulic projects in both the Islamic world and Europe, 

demonstrating the power of the global impact built by the engineering innovations of Islam. 

Water Clocks and Automaton 

Arguably, some of the most amazing inventions by Al-Jazari were his elaborate water clocks, which 

were not mere time-keeping devices but complex manifestations of automation and ingenuity in 

mechanical engineering. The way a water clock works is by regulating the flow of water between 

containers, often showing the passage of time through the gradual filling or draining of a vessel. Al-

Jazari transformed this modest idea into an art form by adding the ingredient of intricate automata 

moving in pre-defined ways at pre-set periods, which was an early manifestation of automation and 

control systems that reflected enormous insight into advanced mechanical principles applied long before 

the emergence of robotics. 

One of Al-Jazari's most famous inventions, the "Elephant Clock," was a prime example of his art, 

science, and cultural symbolism combined. This over three-meter-tall clock consisted of an array of 

automated figures that included a humanoid robot, a dragon, and an elephant acting in harmony to mark 

the passage of time. Inside, it had a pretty complicated mechanism: an aquarium was placed inside the 

elephant's body, regulating the water flow in order to control every figure's movement. The automaton 

every half hour performed some movements in a raw: the dragon swiveled its head, the robotic figure 

struck a cymbal, and the scribe wrote something on a tablet controlled by the flow of water. This 

marvelous device constituted not only a timekeeper but also was one of the sights which usually 

demonstrated the attainments of Islamic engineering and Al-Jazari's skills of applying the principles of 

automation. Essentially, Al-Jazari's water clocks installed in public places served both functional and 

symbolic purposes as timekeepers by demonstrating technological achievement. They expressed an 

integration of knowledge that came from scientific philosophy into practical use as a concern of the 

Islamic world for the usefulness of scientific achievements. His works introduced such novel features 

as revolving dials, zodiac pointers in motion, and adjustable time displays-all aspects unimaginable at 

that time. A few of his water clocks also had devices that accounted for the varying lengths of days 

throughout the year, based on some understanding of the principles of astronomy and their impact upon 

the way in which time is reckoned [14]. 

Water clocks showed a huge leap forward in the use of any powered source to operate mechanical 

movements. In fact, the invention of Al-Jazari set the trend for using water and other liquids to power 

mechanisms, thus setting the trend for further applications in hydraulics and pneumatics. He 

theoretically knew and practically set the pace for innovation during the Islamic Golden Age and beyond 

(Table 1). 

Apart from technological marvels, the water clocks were there for more: they had broader implications 

for society. Water clocks allowed timekeeping with accurate results to begin regulating daily activities-

from times of prayer to agricultural scheduling-thereby improving civil and economic organization. And 

their location in open public spaces encouraged love for learning and scientific and artistic 

accomplishments, including that of future generations of engineers and inventors. 

The findings of Al-Jazari well represent how the Islamic engineers transformed scientific knowledge 

into practical application, making great strides in agricultural productivity, urban development, and 

technological innovation. His water clocks and automata were more than mechanical curiosities; they 

spoke to a civilization which loved scientific inquiry and attempted to introduce such knowledge into 
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daily life. They stand today as abiding symbols of the ingenuity and creativity that so characterized the 

Islamic Golden Age. 

Table 1. Al-Jazari's water clocks and automation 

Device Description Functionality Innovative Aspects Impact 

Elephant 

Clock 

A timepiece integrating 

cultural elements with 

automated figures, 

including an elephant, a 

robotic figure, and a dragon 

performing coordinated 

actions. 

Told time and performed 

automated sequences; 

used water flow to 

regulate movements of 

figures and musical 

elements. 

Integration of cultural 

and technological 

elements; complex 

automaton system 

powered by water. 

Symbolized technological 

achievement and cultural 

integration; influenced 

future developments in 

automata. 

Castle 

Clock 

A monumental clock 

designed as a castle with 

automated musicians and 

zodiac indicators that 

moved in sync with water 

flow. 

Displayed time, seasonal 

changes, and astrological 

data using pulleys and 

weights driven by water 

flow. 

Combined astronomy, 

hydraulics, and 

mechanical engineering; 

automated musicians and 

time display. 

Enhanced understanding 

of time and astronomy; 

inspired European 

mechanical clocks. 

Water-

Powered 

Scribe 

A water-driven scribe 

automaton whose arm 

moved to simulate writing, 

controlled by water flow. 

Simulated writing with 

precise mechanical 

control; used water flow 

to drive scribe’s arm. 

Early example of 

automated writing; fluid 

dynamics-controlled 

human-like actions. 

Pioneered automated 

writing and robotics; 

influenced later 

mechanical control 

systems. 

Peacock 

Fountain 

An ornate fountain with a 

peacock and automated 

figurines dispensing water, 

combining artistic and 

mechanical ingenuity. 

Ornamental and practical 

water distribution; hidden 

water channels controlled 

the flow and figurine 

movement. 

Advanced fluid 

mechanics 

understanding; 

ornamental design for 

public display. 

Combined beauty and 

engineering; showcased 

advanced hydraulic 

engineering in public. 

 

The Basin 

of Two 

Scribes 

A large basin with two 

automated scribes writing 

letters in sync, using water 

flow to control arm 

movements. 

Demonstrated 

synchronized automation 

with water pressure 

controlling scribe 

movements. 

Showcased precise 

synchronization using 

hydraulics; detailed 

craftsmanship in 

automaton design. 

Highlighted synchronized 

automation potential; 

showcased fluid-powered 

mechanical capabilities. 

 

INFLUENCE ON EUROPEAN ENGINEERING 

The technological achievements of the Islamic Golden Age had a lasting and profound impact on 

European engineering in general, and especially during the era of the Renaissance. Translation into Latin 

of Arabic scientific and engineering texts made for cross-cultural transmission. On the flip side, it meant 

that European scholars and engineers were avidly absorbing these works into their own emerging 

scientific and technological development (Table 2). 

Of greater importance, however, were the Islamic innovations: the crankshaft, segmental gears, and the 

use of water power for industrial purposes. The crankshaft, as the critical link for converting rotary 

motion into linear motion, was fundamental to machinery such as the water-lifting devices and sawmills 

that became ubiquitous throughout medieval Europe. In fact, detailed accounts of those mechanisms 

provided by the Banu Musa brothers and Al-Jazari served as useful references to European engineers 

[13].  

If, for example, the employment of water power in the Islamic world, not to mention the advanced use 

of systems for raising water such as “noria” systems or Al-Jazari's sophisticated water-raising machines, 

was any sample, it should be a forerunner of water-powered factories and mills driving the economic 

performance of Europe during the Industrial Revolution. This transfer of knowledge underlined the 

interconnectedness of medieval societies and their shared heritage in technological progress thanks to a 

very vivid culture of translation and scholarship. 

This mediates the lasting influence that Islamic water management and engineering innovations continue 

to manifest in both the Islamic world and Europe to this day. 
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Table 2. The influence of Islamic innovations on European engineering 

Islamic 

Innovation 

Description Impact on European 

Engineering 

Transmission of 

Knowledge 

Long-Term Legacy 

Crankshaft A mechanism 

converting rotary 

motion into linear 

motion, essential for 

devices like water-

lifting machines and 

sawmills. 

Fundamental in 

developing mechanical 

devices; crucial for 

sawmills and 

mechanical hammers in 

medieval Europe. 

Through translated 

Arabic manuscripts, 

particularly those of Al-

Jazari and the Banu 

Musa brothers. 

Became a core component 

of mechanical engineering, 

influencing modern 

automotive and industrial 

machinery. 

Segmental 

Gears 

Gears that transfer 

motion through 

segments, allowing 

precise control in 

mechanical devices. 

Enabled complex clock 

mechanisms and 

machinery; influenced 

early European 

horology. 

Via Latin translations 

and direct observation 

of Islamic devices by 

European travelers and 

scholars. 

Paved the way for the 

development of more 

complex mechanical 

clocks and astronomical 

devices. 

Water-

Powered 

Machinery 

Use of water to power 

industrial machinery, 

such as mills and 

factories. 

Laid groundwork for 

water power use in 

European factories and 

mills during the 

Industrial Revolution. 

Adopted through 

translations and 

adapted in European 

water-powered mills 

and factories. 

Transformed European 

industry efficiency, driving 

economic expansion 

during the Industrial 

Revolution. 

Noria 

Systems 

Water wheels with 

attached buckets to lift 

and transport water from 

lower levels to irrigation 

channels. 

Inspired similar designs 

in Europe, enhancing 

agricultural productivity 

and urban water supply 

systems. 

Knowledge spread via 

translated texts and 

direct interactions with 

Islamic scholars. 

Contributed to improved 

agricultural techniques and 

urban water distribution in 

Europe. 

Water-

Raising 

Machines 

Advanced machines 

using water to lift and 

move water efficiently, 

including Al-Jazari's 

piston pump and water 

clocks. 

Supported development 

of water management 

systems in Europe, 

aiding urbanization and 

industrial growth. 

Detailed descriptions in 

translated works 

provided blueprints for 

European water-lifting 

devices. 

Influenced the design of 

pumps and other water-

management devices, 

impacting engineering 

practices in both Europe 

and the Islamic world. 

CONCLUSION 

The Islamic Golden Age was nothing short of a period of utter ingenuity and scientific curiosity, and 

with respect to engineering, little could be further removed from the common image of Muslims as 

primitive and culturally backward than the works of Al-Jazari and the Banu Musa brothers. Their works 

then indeed exhibited an in-depth knowledge of mechanics, hydraulics, and automation; painstaking 

records of their contributions were in manuscript form that allowed the perpetuation of their knowledge. 

It was these engineers who advanced the technology of their time and influenced, at a later stage, 

developments both in the Islamic world and in Europe. Translations of their works into Latin played a 

significant role in cross-cultural transmission, with consequences for European engineering practices 

during and after the Renaissance. Inventions such as the crankshaft, segmental gears, and water-powered 

machinery, conceived or perfected first by the engineers of Islam, would also play an integral part in the 

medieval and modern eras of technological advance. 

The bequest of this Islamic Golden Age appears clearly in today's technological panorama, whereby the 

principles of automation, fluid dynamics, and mechanical design are still influential in shaping today's 

engineering practices. Works by Al-Jazari and the Banu Musa brothers stand as a testament to the 

universal pursuit of knowledge and the impact their contributions have on global technological progress. 

As we continue to expand our knowledge and appreciation for these historical accomplishments, we find 

that these pioneering persons quite literally helped chart the course of human history in terms of 

ingenuity and innovation. 
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