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Abstract

Although some of the ideas contained in mechanical and engineering
works had roots in the Far East, India, and ancient Iran, technology
and mechanics in the Islamic world drew most of their inspiration
from ancient Greece. Given the importance and efficiency of
irrigation devices, translating Greek works was the most effective way
to obtain such equipment. With the support of the ruling authorities in
various parts of the Islamic world, craftsmen, often lacking academic
education, began to build and operate the devices. Along with the
expansion and rise of science and technology in the Golden Age of
Islam, great scientists such as Benoumousi, AL-Jazari, AL-Esfazari,
AL-Rased Damashki, etc. took steps to improve Greco-Roman
devices and invent equipment with greater power and efficiency, and
with automatic and self-contained operation. To understand the extent
to which these scientists were influenced by the technical knowledge
of their predecessors, the best way is to compare their equipment with
that of Greek books translated into Arabic. The book Al-Hiyal fi al-
Hurab can be an example of a translation of Greek technology books,
in which the eleventh section discusses the construction and use of a
number of irrigation devices. In this article, we intend to compare the
rinsing devices of the version of Al-Hiyal fi al-Hurab, translated by
Ibn Mankali (778 AH/1376 AD), with the rinsing devices of Al-Jami'
bin al-'ilm and al-"amal al-nafi' fi sana' Al-Hiyal by AL-Jazari, and to
examine the devices of Al-Hiyal fi al-Hurdb, and to examine the
influence of Greek technological texts on the works of Islamic
civilization on the science of Al-Hiyal.

Introduction

As the borders of Islam expanded and relations between tribes and
governments became more complex, the advancement of military
technologies became mandatory for Muslims. Muslim scholars had to
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obtain tools such as catapults, slings, oil tankers, warships, well
wheels, etc. for use in wars by any means. Translating Greek works
was the most effective way to obtain such equipment. A copy of Al-
Hiyal Fi Al-Huroub, on the subject of "Technology in Wars", was
discovered in the tomb of Alexander the Great in Egypt and was
translated from Greek into Arabic by Muhammad ibn Mahmoud Ibn
Mankalt al-Nasiri (778 AH - 1376 AD) - during the reign of Sultan
al-Sharaf Shaaban ibn Hussein ibn Sultan Muhammad ibn Qalaa'un,
one of the Mamluk rulers.

Material & Methods

In this article, we examine the eleventh chapter of Al-Hiyal fi al-
Hurub, entitled “On the Construction and Excavation of
Ditches and Tunnels.” This chapter presents detailed
descriptions and illustrations of several well wheels and water-
lifting (or water-draining) devices. To gain a deeper
understanding of these mechanisms, we compare the irrigation
and well-lifting technologies described in Ibn Mankalis Al-
Hiyal fi al-Hurib with those found in al-Jazari’s Al-Jami‘ bayn
al-‘Ilm wa al-‘Amal al-Nafi® fi Sind‘at al-Hiyal. This
comparative analysis seeks to clarify the mechanical principles
underlying these devices and to assess the influence of earlier
engineering traditions on the science of al-Aiyal (mechanical
engineering) during the Islamic period.In this article, we intend to
examine the eleventh chapter of the book Al-Hiyal fi al-Hurdb,
entitled "Creating and Digging Ditches and Tunnels," which describes
the method of constructing a number of well wheels and water-
draining devices with acceptable quality images. In the course of this
research, to gain a clearer understanding of this subject, we compare
the irrigation devices and well wheels described in Ibn Mankali’s
Al-Hiyal fi al-Hurib with those found in al-Jazari’s Al-Jami * bayn al-
‘Ilm wa al-‘Amal al-Nafi* fi Sina‘at al-Hiyal. This comparison aims
to examine the mechanisms of these devices and to assess the extent
to which earlier works influenced the science of al-Aiyal (mechanical
engineering) during the Islamic period.

Discussion of Results

The comparison between the water-lifting devices and well wheels in
Ibn Mankali’sAl-Hiyal {1 al-Hurtb and al-Jazari’s Al-Jami‘ bayn al-
‘Ilm wa al-‘Amal al-Nafi‘ fT Sina‘at al-Hiyal reveals both notable
differences and striking similarities in their technological approaches.
The watering devices described in Al-Hiyal fT al-Hurtib are primarily
logistical and support equipment designed for military purposes, such
as rapidly providing water to troops and livestock. Consequently,
these devices generally feature simple mechanical combinations of
basic components—wheels and axles, levers, pulleys, wedges,
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screws, and inclined planes—so they could be quickly assembled and
used during warfare.

In contrast, the water-lifting mechanisms in al-Jazari’s treatise are
complex technological systems capable of manually or semi-
automatically extracting large volumes of water for domestic use or
irrigation. While their operation is conceptually straightforward, their
design and construction require knowledge of mathematics and
geometry. Some of these devices minimize the need for continuous
human operation through the use of automatic motion driven by water
flow (such as paddle wheels or propellers) or animal power.

There is no conclusive evidence that all of al-Jazari’s devices were
practically constructed in his time; some may have been theoretical
exercises in design, calculation, and mechanical innovation. By
contrast, the devices described in Al-Hiyal fi al-Hurtb are entirely
practical and realistic, devoid of theoretical elaborations,
generalizations, or explanations of mechanical advantages. They were
clearly intended for immediate military application.

Another difference is the organization of the material Ibn
Mankali’sdoes not follow a specific order in describing his devices,
while al-Jazari systematically presents irrigation mechanisms from
simple to complex, in both structure and degree of automation.
Despite these differences, several key similarities emerge:

Both works share a significant reliance on common mechanical
elements—Ilevers, wheels and axles, inclined planes, wedges, pulleys,
bolts and nuts, and gears—and similar ways of combining them. A
comparative review suggests that Islamic engineers, particularly al-
Jazari, drew heavily upon the mechanical traditions of Greek and
Roman scholars such as Archimedes and Hero in designing and
improving irrigation and drainage technologies.

Both authors describe the use of similar materials for construction.
Components such as axles, chains, beams, and connecting pins are
often specified as being made of iron or steel; other structural parts
are wooden, and ropes or cords are made from fibrous materials.
Buckets are recommended to be made of copper. These shared
material specifications suggest a common technical heritage in the
design of irrigation systems.

The determination of specific water depths and installation sites is
another point of similarity. In both works, the depth and height of
water in the systems are precisely defined, and the location of
devices—such as water reservoirs or shallow wells—is clearly
specified, reflecting an empirical understanding of hydraulic
conditions.

However, a major challenge in comparing Al-Hiyal {1 al-Hurtb with
later Islamic technological texts lies in its technical vocabulary. The
extant translation of lbn Mankali’s work was produced several
centuries after the composition of al-Jazari, al-Isfazari, and al-Razi’s
treatises. Although this later terminology helps modern readers
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visualize the technological environment of earlier periods, it
introduces a chronological gap that complicates historical analysis,
particularly in tracing the continuity of mechanical concepts from
Greek to Islamic traditions.

Conclusions

From the comparative study of these two works, it can be concluded
that no fundamental transformation occurred in the basic components
and mechanisms of irrigation technology between Ibn Mankali’s and
al-Jazari’s eras. Nevertheless, the creativity and ingenuity of scholars
such as al-Jazari and al-Isfazari in adapting, combining, and
improving upon Greek and Roman devices are undeniable.

Just as al-Battani advanced upon Greek astronomy without
overturning Ptolemaic principles, Muslim engineers of the Islamic
Golden Age built upon the foundations laid by earlier Greek scientists
like Archimedes. What truly distinguished Islamic thinkers, however,
was their pursuit of automatic control and their efforts to systematize
and mechanize processes with greater precision.

Moreover, the experimental approach evident in the works of
engineers such as al-Khazini and al-Jazar represents an important
step toward the mathematization of mechanics—an essential
precursor to later developments in Renaissance science. Although
Islamic scientists did not achieve the same level of experimental
sophistication as their European successors, their work significantly
advanced practical mechanics.
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