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Johann Wolfgang von Goethe
(1749 — 1832)
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By 400 .k the separation of the eastern and western portions of the empire was gradually lakmg :
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SAHARA
EXPANSION OF ISLAM A

TO 750 C.E. <', i
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ISR Under the first four caliphs, 632- 661 N vle/tn $ -
£ Under the Umayyad Caliphs, 661-750 ® [/, Merod Oi #‘."‘x P
-+ Expansion routes L o A X
) N (90//5
The Islamic conquests were rapid and far-reaching. By 750 Islamic monarchs controlled kin.gdor't'ts" \

stretching from ceniral Asia to Spain.
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The Ottoman Empire

[1The Ottoman Empire 1359 (14th Century)
[ The Ottoman Empire 1451
B The Ottoman Empire 1451-81

The Ottoman Empire 1512-20 :

[ The Ottoman Empire 1520-66 Conguests - Dates

[ The Ottoman Empire 1566-1683 (17th Century) Marmara Sea, 1356 Mokdavia, 1504

i Edime, 1361 Duilkadir, 1515

[ The Ottoman Empire 1856 el iAo
Bulgaria, 1393 Alesppo, 1516
Waklachia, 1393 Lawpt, 1517
Istanbul, 1453 Hicaz, 1517
Morea, 1458.60 Tripoh, 1521
Serbia, 1459 Rhvodes, 1522
Bosnia, 1463 Trainsyhania, 1541
Raraman, 1468 Cywrus, 1571 T
Crimea, 1475 Tumis, 1574 Arabian Sea
Albania, 1478 Crete, 1669
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JAMES WATT
(1736 —1819)
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INDUSTRIAL REVOLUTION 1.0-4.0

INDUSTRY 1.0 INDUSTRY 3.0

INDUSTRY 2.0 INDUSTRY 4.0

1784 1870 1969 TODAY
Mechanization, Mass production, Automation, Cyber-Physical
Steam power, Assembly line, Computers and Systems, Internet of
Weaving loom Electrical energy Electronics Things, Networks

Source : https://www.researchgate.net/figure/From-Industry-10-to-40 figl 346901544
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The History of Source -
https:/ /www.visualcapitalist.com/the-
I N N VAT I N history-of-innovation-cycles/
Below, we show waves of
< Y‘ L E s innovation across 250 years,
from the Industrial Revolution
to sustainable technology.

LONG WAVES OF INNOVATION

The theory of innovation cycles was developed by
economist Joseph Schumpeter who coined the term
'creative destruction' in 1942, FIFTH

Schumpeter examined the role of innovation in WAVE KEY BREAKTHROUGHS
relation to long-wave business cycles. FIRST WAVE THIRD WAVE FIFTH WAVE
(ce: MIT Economics During the Industrial Revolution, Henry Ford's Model T In 1990, 2.3M used the
the first factory emerged- introduced the assembly internet-by 2016 this
FOURTH WAVE a cotton mill in Britain. line, revolutionizing the reached 3.4B.
automotive industry. outce’ World Bank
)
Al & loT =
THIRD WAVE
Robots
& drones
Clean tech
SECOND WAVE
FIRST WAVE
@ Electricity @ Petrochemicals Digital network SECOND WAVE FOURTH WAVE
) As railways proliferated, Aviation gains mass As climate challenges
e Water power @ Steam power @ Chemicals @ Electronics Softwere their networks strongly adoption on a global intensily, clean tech
@ Internal- @ Aviation @ New media influenced urban growth. scale, providing a lever may reshape business
X ree: Nacima Baron, HA to economic integration. models and
0 Textiles @ Rail combustion ’ Source. 060 o consumplion patterns.
e Iron @ Steel sagine
60 YEARS 55 YEARS 50 YEARS 40 YEARS [ 30 YEARS (S8 i Lisy DG v ) mpnion
1785 1845

1900 1950 1990 2020
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Uszansan Wudu” (European Parliament Research Service, 2016)
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1)  udanssuvzdaandudslung (novelty)
2)  udnnssuazAeiin1sualuly (adoption)

3) nelilianadwsiBeyann (outcome) LU NSLRLLARAIMIINTTEY
NSNUSEANSAINVBINTEUIUNITHEARN LAENITENTEAUAMNINGIN
vogliuinnssu (Judu

AN https://www.nesdb.go.th/download/document/Yearend/2017/PPT_Group2.pdf
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Ant~5mm

Human hair
~ 10-50 mm wide

Red blood cells
with white cell
~ 2-5mm

~10 nm
diameter

L DNA

The Micro world

102 m

103 m

104 m

10° m

10°m

The Nano world

ATP synthase

~2 nm diameter

of silicon
spacing ~tenths of nm

107 m

108 m

10°m

010m

From office of Basic Energy Sciences Office of Science, U.S. DOE Version 03-05-02

Head of a pin 1-2 mm

LAANS
ry

MicroElectroMechanical devices
10 -100 mm wide

source
electrode

Nanotube electrode
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Iron atoms on copper surface
Corral diameter ~14 nm

Carbon p_anotube
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Fullerene Graphyne

— Amorphous carbon

Diamond Carbon fiber
Graphite intercalation compound
“"o"&c"é‘ 60‘” e — Activated carbon 02>~ : Graphene )

Ye 0 ¢ E58¢ | Glassy carbon r % P oS T WL

C6°6,56,56,5¢ Acetylenic carbon o L L
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