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Y~Zq- 2020 â**Y@*ìZzgã!~Ð(,|Ìg;ìX
ãÆ6%ÉVÅøá 1,806,590 Z0+ZiÆ_.
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(Chemotherapy) 6ð´` (3)
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( L e e  D YÃà‰e~‰Ãg† 1 9 0 6 BZÆ', 2 0 I
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ZXŠHåXTÅ¯6,½ãegŠ;ÇV
J-ZÏÜY"‰−{6,ŒWÑ]‰
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QZ™ä»Zq-‘Í-Cå GW{ÄZzgÂxƒ@*åXtÂxÌ»°(
=ÍäzZÑåX‚®ZÃR,Z’ÅZXŠÆˆZ¼Zã
ÅŠ*~Zq-Zz[Wc*Zzg9sV~LL¥âCŠzgóó

ÅZ’ZYƒðX (Information Age)

J]ñrþ³Š8

éŠzg~W`Æ”V»À!

¦ZºZÔ**0+l,

eeeé́́́((((ßßßßYYYYÅÅÅÅZZZZ’’’’ZZZZYYYY����,,,,œœœœ~~~~ÆÆÆÆ
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(Analog  Period) ŠŠŠŠzzzzggggóóóóóóóóÔÔÔÔLLLLLLLLZZZZ********ÑÑÑÑvvvvŠŠŠŠzzzzgggg
ÃÃÃÃ‚‚‚‚®®®®ZZZZÃÃÃÃRRRR,,,,ZZZZ’’’’ 1947 BBBBŠŠŠŠcccc 23QQQQ

ÅÅÅÅZZZZXXXXŠŠŠŠ (Solid State Transistor)

ÆÆÆÆˆ̂̂̂eeeé́́́ŠŠŠŠzzzzggggWWWWcccc****XXXX
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W‚à½,ËìS¢5½ï
E

GH

( Me t a l  O x id e R,Z’ó
Semiconductor  Field

ÅZXŠ Effect Transistor)

ÆˆÐÂL¥â]Æ;îó»
‰c[WŠHXâ‘ÃL^~
Z%kóñ].Ô86ŠZVÔ -

Zzgî»g ( C r y p t o g r a p h e r ) ZbÔ¦$é Oi
Z%kóZ¼p - ·«YZvZzgLÃgc*ð (Entrepreneur)

äZXŠHåX Dawon Kahng ZbZzgñ].
Z’ZðéŠzg~ZÎgÂ)¥â](»

;îZëŠÃF,Ô̄Y»x»`ÔZëó%Zœ/Zzg
-Eg-Vz){ÅuJ-özŠåX(ßY~F,¹Ð

(Digital ZÎgÂ»;îÌ(,kŠHZzgLLéŠzgóó
ÅZ˜b¢Ð¢F,ƒCˆZzgZk Period or Age)

~@*g]Ô�RÔpDÔÕãÔ�Y‰ŠvZëúZïÌ áï
ƒ™ZK̈ãi0+Ï»Zq-ZëF,+!*[0‰X

ñ�Š{ŠzgÔéF,¶VÅª]Z0¾Ñ]»Šzg

ìXZkŠzg~ZÌ*HìZzgWäzZáœ~*HWñÇ
Ô¼¹7YYXW`ZÎgÂ»W**ZzgY**ZiÆZq-¯

ÐÍ6,ņ̃sìXÎZwtì�
HZÎgÂÅuzV»Ãð$›4è

G
GOEÌ

ì?„CÙ¸Ckƒ@*ì�
ZÎgÂÆuzŠÅÃðu

7!].OŠdQŠO'LL¬÷}
W‡!óó;LL¬÷}W‡!óóÅ¤/ŠZy
ìXZÎgÂÆ;îÅgëgÃ
ŠÙƒñZ(¹YYì�Zq-
Šyt;îÌZKZ¦VÆ0*g
YäÆn"upZLW\
Ã6gz"'0*ñÇXZkÆ
!*î�ŠZÎgÂ»t;î³m,Õð

Åi!*yÐtÈg;ƒÇ�:
Z¬ÆZk0*g™g;ìÃð%ZZOg áh+
ZÏÅY+$¬ì áxzHÅtg{¦/Zg áh+
Z(ZknÌeƒZ�‚®ZÃR,Z’Å


#ÖầzyuzVÐò™**â¢aZzg²¢aÅuzVÃg
g„
ZzgWÐ¹VJ-YñÏ¼¹7YY?R,Z’

Ã0*g™Æ6Z (GHz) Æ»x™äÅgëg,µ1ºé
Y

GCÙu,
ÃV_
XZÎgÂZ:góÅ&¬»**‡&ÿEL (THz) CÙu,

Ã̂g™_
X(ßY (TBytes) ¢uJ-6Z!*Q

~F,¶VÅtPq,W`CÙZq-ÅŠ,k~
X'×h+
óÐXîÅ&¬x™õZôîV 19- ',WVñ�Š{z!*YLÃÌe

J]ñrþ³Š8

(MOSFET) YYYY~~~~ZZZZ¼¼¼¼ZZZZããããWWWW!!!!LLLLLLLLââââ‘‘‘‘óóóóóóóó 1959

ªªªªLLLLÖÖÖÖWWWW‚‚‚‚àààà½½½½,,,,ËËËËììììSSSS¢¢¢¢5555½½½½ïïïï
EEEE

GGGGHHHH

(Metal Oxide Semiconductor RRRR,,,,ZZZZ’’’’óóóó
ÅÅÅÅZZZZXXXXŠŠŠŠÆÆÆÆˆ̂̂̂ Field Effect Transistor)

ÐÐÐÐÂÂÂÂLLLL¥¥¥¥ââââ]]]]ÆÆÆÆ;;;;îîîîóóóó»»»»‰‰‰‰cccc[[[[
ZZZZ%%%%kkkkóóóóññññ]]]]....ÔÔÔÔ88886666ŠŠŠŠZZZZVVVVÔÔÔÔ - WWWWŠŠŠŠHHHHXXXXââââ‘‘‘‘ÃÃÃÃLLLL^̂̂̂~~~~

ZZZZzzzzggggîîîî»»»»gggg (Cryptographer) ZZZZbbbbÔÔÔÔ¦¦¦¦$$$$éééé OOOOiiii
ZZZZ%%%%kkkkóóóó - ····««««YYYYZZZZvvvvZZZZzzzzggggLLLLÃÃÃÃggggcccc****ðððð (Entrepreneur)

ääääDawon Kahng ZZZZ¼¼¼¼ppppZZZZbbbbZZZZzzzzggggññññ]]]]....
ZZZZXXXXŠŠŠŠHHHHååååXXXX



)ªbÅ»Ã,ǵÔìZzg**u6,qZ##-ö FHO!*0+−Zzg!*g
!*g;BŠð**(ÅzzÐgzi%{i0+Ï~W`CÙq~LLWy
Ñíóó»(,kZEwÔ½zp»ŸÔÇgÔz"545é GEGEgÔW~»
»x»`ÔeÔyh+z�Ûz|#ÔZâñ¢zgtz){ZzgYä
HHäg„�Ÿ7g~™Š~X

ZkntÎZwCÙZq-ÃŠg7ì�W`ÆZk
**iuF,+éŠzg~øg~WÒ{±»HƒÇ?

WWWW`̀̀̀ÆÆÆÆZZZZkkkkeeeé́́́ŠŠŠŠzzzzggggÆÆÆÆPPPPÃÃÃÃZZZZ++++}}}}ZZZZzzzzggggvvvv********]]]]::::
é(ßYÆæÃZ+}
ZkÐ(,|™

Zã„ZkÆv**]Ì
XZyÃZ+zVZzgv**]Ð
…W`Æ”VÆwÆ!*g}~¼Z ágbqÝ
ƒVÐZzg¼Z ág-V»ç™**ƒÇX
¼¼¼¼ÃÃÃÃZZZZ++++}}}}::::

¥â]Æn¬ á¤/ŠZ‚E+{ÔÂ1VZzg  (1
iZZ+¯ª6,«gLåXZ[ßg‹qw8ZìXZ[Â
»!Â1V~'×h+¥â]ÅYïg~ÆnYWgÃeÌ
ŠbYgì
X

(¬ÂÁỖGßÔZ¶gZ]z){yh+™c*™Zt 2

ZŠZ™Æ7,ñYD¸X̧]èyh+Æˆ[ÐZy»ŠZ],{
»ggN*c*(,Zƒ@*åXW`Š*½ÅÂÁỖGßÔZ¶gZ]

ÛR,c*Z�g¯̂y6,¯ËgzuIu7,ñYD
XÉF
FÃ{äàz‰ÜCÙœZEwà{ÅZiÆZq-Íc*
WçÆZq-Z ág{Æ³gT
X

(ó»ñVÆn¬ó%Zœ/ÔÃ 3

{âVz){Å{uY'7,C¶XZ[yÆt¢zg]
eñÅ-heÐ¬é(ßYwV~7gZ™Šî
ìX

¾n�¹V»0*ãZYìÔÃ́ŠzZð¾Fg~~
»xWCìÔ#VŠzZ{:¹V6,ì;Zk~ÃyÃyÏœ1]
ñ�Š
ÔË£x6,“ZzĝÆÁÁfgZùÐàYY
ìÔÃyÏvZhìÔÃyÏáZhZzg:ìÔyÅ
zZ],8-»Úù¥x™,Ô¾n�éZÎgÂCÙ%nÅ
ŠzZ0_ìX

Z[ZyÆv**]6,ÌZq-Z)àÃeZwà
YñX

DÆ”wZzg§T̂ÆŠgxyZq-U  (1
ÏqbƒCYg„ìX

Z*ŠÔ á¤/ŠZzgÂ1VÆŠgxyÃ,(,|g;  (2
ìX(ßYÐ"—DqÝƒg;ìp¯ËŠNgN
ZzgF,šMÆ!W`Z¤/6,Zäz!VÆßÍVÐ7YYñ�
W\¾§b½qÝ™D¸z{Ì»kÑâgZi"Åi!*y~

}Ð:
ZÐgZ„7�%~Â[~å
z„7,Jc*ŠHíÃ�»[~å

Z¤/ËFg~ÅŠzZ×VËeZËÅgÉðÆ¯  (3
„àYNÂZkÆvy»f)ŠZgÃyƒÇ?ZzgQeZË~Å

½¾nqÝÅYñ?
Zk§bÆ¹‚g}ÃZ+}Zzgv**]


XÁÁ»f™HYñXZ[ÂZv„˜yìøg}”V
»!
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(Phonetics and the ßßßß»»»»]]]]ZZZZzzzzggggwwwwzzzzssss{{{{

Alphabet) 

ƒ-VÔ^-VZzgKVä’k,Æn

§hVÅ Syllabic Zzg Pictographic

ZXŠÅ¶Xt’k,ÔÅZ’Zð̂¶XZkÄ~

Æn¦k,c*Ãð´#Ö Syllable ËÂc*

ZEwÅYC¶Xp’k,ÅŠ*~xZz[

Zkz‰ÜWc*Z#’k,~i!*y~ßCãCŠzV6,

wzs{ÅZXŠƒðX
ƒ~Ô̂~ZzgìgÌâÃIÆn»°œ™ã

7,C¶ZzgÜsz„ßvrY…¸�ZkÆn',ÎV
gc*q™D¸YèZy’k,zV~¹ic*Š{

ƒZ™D¸{mîgÐìi!*y~Â Characters

¸XªCÙìZyë{´áVÃc*Š Characters DÙZgzV

ǵZq-ÂZ%åX¸zz¶
ìi!*yÆ»A$

Zk®ÃgZignp@̧*
Šzu}ZÐ:JÃX (Scribe)

Yèz{ZÏ®ÅzzÐZz‘ÇzV6,Ã,̂GYD¸X
ÅZXŠ Phonetic Alphabetsp

ä’k,ÃZq-W‚y»x¯Šc*XËÌÂÅ

�WzZiƒC'z,„wzzsÉŠ¶

7,D¸XŒVwzsÅ®ZŠÌ¹„Á

¶X

ZZZZIIII¢¢¢¢55554444kkkk5555éééé
EEEE
GGGG
EEEEIIII

GGGG::::ßßßßCCCCwwwwzzzzssss{{{{ÆÆÆÆññññ]]]]....

(Phoenicians: the inventors of

phonetic alphabet) 

tx~ 1050 ä(Phoenicians) ZI¢54k5é
EE
GIG

ÅZXŠ™ÆZq- Ph o n e t i c  A lp h a b e ts  

ÆgÌâ~Üswzs ¹',Z»g**)Z�xŠc*XZy

J]ñrþ³Š8 eZËpgæZDwÔÃÃ@*

(5 )mX !*'i!*âVÅ

ƒƒƒƒ----VVVVÔÔÔÔ̂̂̂̂----VVVVZZZZzzzzggggKKKKVVVVääää

Pictographic ’’’’kkkk,,,,ÆÆÆÆnnnn

§§§§hhhhVVVVÅÅÅÅZZZZXXXXŠŠŠŠ Syllabic ZZZZzzzzgggg

ÅÅÅÅ¶¶¶¶XXXXtttt’’’’kkkk,,,,ÔÔÔÔÅÅÅÅZZZZ’’’’ZZZZðððð̂̂̂̂¶¶¶¶XXXX
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{~~ZsxÅWæÆŒ̂ÛWyÅÂ"$Æn’k,Å
¢zg]7WðZzg²!’k,(,~!~ÐZg»0*äÐXÑzq
Ñzq²!’k,Tâ~èYC¶ZÐLÃ°óë¸Xp

QZkÅ(Zq-ZzgZ0+Zi’k,ZEwÅYäÐ&â¬¹
Y@*ìX

’’’’kkkk,,,,ÆÆÆÆnnnnZZZZEEEEwwwwƒƒƒƒääääzzzzZZZZààààZZZZââââYYYY»»»»ZZZZgggg»»»»YYYY
(Evolution of Writing Materials) 

Zq-§si!*âVZzgZyÆ§i’k,»Zg»YYg~åÂ
ÆÌZg»Y»¿Zk Writing Materials Šzu~§s

Æ‚B‚B^g;åX’k,Å@*gõ~tZg»YÌZâZÌ
g‚rìX

W`ëÎW‚ãÐ»½̄ïw™™ÖYD
Ô
’k,»¿åZÚW‚y7g;ìX»½ÅZXŠÐIZ
Šzg~ÔŠ*ÆZèV~ßÍVä’k,ÆnZZâY
»ZEwH‰YâgzVÅAc*VZzgpwÔèÅæVÔÇ~Ô
Šg½VÅiCVÔlZZzg6,9.3ï FEHÔèC],kZzgWy»g»½Xiâ:
qw~é’k,(,~!~Ð»½Å(ág„ìX0*õ
DÙZg',ÎV6,”tZq-Må̂X

)Yg~(

J]ñrþ³Š8

ŠŠŠŠ****²²²²!!!!’’’’kkkk,,,,»»»»%%%%::::

]]]]ÂÂÂÂ¡¡¡¡áááá

yh+Zg|Z]ázƒV!

/yh+Zg~Æng¶ÜsJÆYg~

ZzgWyÑí (DD) ™Š{eZ&+egZÅ

Æfg= (Online Transfer) R,Zc

„JwÅYñÏX

Æfg=Èˆ (EMO) /79$4-ö
EHWgeg

g¶Jw7ÅYñÏX
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ŠJÂVÅZq-¦S‚Š~°ptg„ì�ŠJ'z{
ÖZĝkZ
x
Îù0*^™ÃðÌ^Š~Y$Ë
ìXß;Ô@*mÔZ>4ÔÎ**Ôe0+~ÔgÔ”ZzgŠzu~ŠJ'
�øg~gzi%{i0+Ï~»xWC
ÔZk°p6,7g~7
ZF,C
pz{�ë
�CÙZßwÆ‚B

ŠJÂV~ 80 ¼Z]ÌƒD
ÂÁz�
0*g{z{ZûŠJ]ì�ZKŠgC^~âùc*
g±Åßg]~„0*ðYCìXZÏzzÐ
Zk»**x®W[c*e0+~»0*ãƒŠHX

0*g{ZzgZkÆ!*Ç',@S:]gpp
ŠJÂVÅŠ*Å(,~ (Tungsten) zZà"5½h4è

HEYHE

e¤/~v 3400 –qS:]ªCÙ™C
XZ¤/"5½h4è
HEYHE

e¤/~nY™„ 38 ¤/i+6,ÜìÂ0*g{ŠgzwZg]#Ð
Y~ 1759 W0*@*ìXn*]ÆâCÙ+0*g}Ã«%û

ß™0*ñ¸X¨ƒðßg]~tËC~âbš
ŠJ]c*iÅ§b4ìXZ¤/j[ÃZq-‰h~Å̂
~eJw™)Š,ÂZÚJƒY@*ì�ZkÐÇ~Æ«
~Vé̂Y$ËìptƒLLW;Ã;óóƒ**e’zg:

‰h~;B~„£YñÏX
æÌg±
Ô0*g{Zyƒ~ƒÐic*Š{ziã

¤/Zx°kv¢aìXZk» 13.6 ìXZkÅpª
Ètì�Zq-{0*g}Å1LÞ»ziyZq-!*y0*ãÐ

}ic*Š{ƒÇXZ¤/ziyZVäÆ£«~
ZEwƒäzZàscZzgZkÆ‚BÆziã
(<4/õ FXJG0*g}Ð½}ƒñÛ~gÄŠñ
YNÂziyeìH„ic*Š{YV:ƒt
ezÁÐ7É»guÅ§bR6,¾D
g
ÐX¯ÑŠj[Ð−ƒ@*ìX“5éEOÏ
{0+ZyÆZq-ÑäÂ�ZŠ~Zq-1Ź™

Zk~0*ãÆOñ0*g{½zZŠc*åZzgZLd}Ï~Ö
™§z̧ô™@*åX

!*Š á{ÅZk1Æn0*g{LZ
Å.›ÒèEó**xÅ»âVÐW@*

Æ(Ciudad Real) åXt†!ZÜ~(šŠ§c*V
´º~
X²1VäZÜ6,½ãeJðÎ‚wÓ#Ö
ÅXZyÆgÇƒñ¹Ð**xW`ÌZÜ~_5é NEð
Šï
XZq-iâäJ-ZÅ.›åyŠ*~0*g}ÆƒÐ

®W[

Z„kZiwÔ~ ‰^ñß‹Ò1�Û^…æ7‰1

““““5555ééééEEEEOOOOÏÏÏÏ{{{{0000++++ZZZZyyyyÆÆÆÆZZZZqqqq----ÑÑÑÑääää
ÂÂÂÂ����ZZZZŠŠŠŠ~~~~ZZZZqqqq----1111´́́́ZZZZ™™™™ZZZZkkkk
~~~~0000****ããããÆÆÆÆOOOOññññ0000****gggg{{{{½½½½zzzzZZZZŠŠŠŠcccc****
ååååZZZZzzzzggggZZZZLLLLRRRR}}}}cccc****ÏÏÏÏ~~~~
ÖÖÖÖ™™™™§§§§zzzz̧̧̧̧ôôôô™™™™@@@@****ååååXXXX
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‚DÐqÝ 80 (,}f{],¸Zzg0*g}ÅÀ',Wæ»
ƒ@*ìX»yÆ!*Ñð{0*g}Ð½}ƒñp̧Z[
{àƒ`
ZzgÂÐZk»Zq-aåðz„',Wæƒ0*@*
ìX

øg~i}6,ZkŠJ]Å�ÛZzZã7ìXZKZ-
qª~tÛÛ10+zVÅ̂~

‰"âV~Qìp0*g}Å
¡Îæ
ELOE(Cinnabar) (,~lZg_5éEO!*g

ÐïàYCìX_5éEO!*gZq-n»
pzg]ßìT6,pyÆg8-

(Ver ÆŠ™/õ EO7,}ƒD
XZÐ
ë
X Million) 

‹!*gc*ZkÐ¯ƒZ�}uc
g8-»0*îegu~Ãðel,|DÙZg‚w

ÐZEwƒg;ìZzgtW`Ì
4+aç Ncg8-â**Y@*ìXtŠgZÝ

ìX (Sulphide) 0*g}»Ï[+
Ï[+nQÆZq-%“Ãë

T~ŠzÁÜAƒVX

‚0*g{ƒ@*ìZzgtøCÙ§bZzgCÙ 86 ‹!*g~½ã
/Å"âV~0*c*Y@*ìX}ZO~0*g}Æf{],Ÿ

ªW‚ãÐI^YäzZà"âV‰ôZzg (Shale) 

~X
XX~ÜsZq- (Lime Stone) a**ß
(Crystaline ‚0*g{À_ìXZkÆ´z{6,]ŠZg¡Ð.5å

G
G{
"âV~ÌMìX (Igneous) Zzg',»ã Schists)

ic*Š{ (Volcanic) i}ÆQkÇ~Z#W>]ã¿

Zzg!åÔ¤/xZzgg±âœ}‹!*gÃ"âV~¦™DgT
¸X̂gCZÌÆf{],µn‚hñb™zh‚w¬

Ç~RÆ×ic*Š{4,Šq-¶ZzgZ( (Tertiary) R,Ñ~
Á„ƒ@*ì�tf{],c*nyZq-DÙZgÅÐic*Š{Å�Zð

~�Xel,|DÙZgÅÐnt
 áfz**Šg„X
X',»ã´̧V~
¤/x0*ãÆZ̀L‚BZÒ‹!*g·
™ÑD
XÀ˜tø"âVÅ
ŠgZgzV~c*L(,}ZzggL
ÎgZpV~½}ƒñX
X
-g\~ZOÆˆì|ZÉZzg
-™+~Šz"2.ç EG

GEÆB~ZkÅ
»3‰X†!Z%MZzgGÅ
̀k,zZzg‚yßð$‹ð FÏZzgcz~‚}
!*g',ZÅgKgK»âVÐÀ_å

p½ãÎ‚wÐt»3È7,~

Xgc*/ñ�{Z%M~0*g}»

( N e w ic*Š{zû¯g*ÅEZÅ.›åy
»âVÐÀ_åptf{],ÌZ[{à Almadan)

ƒ`
X
Z¨~0*g}¹Š*iâäÐïÑY@*åXZkz‰Ü
ÐZ#-g\zZßVÃ0*g}Æ0¼Ì7¥xåX
Î‚~#Ò{0+Zy)”œ~Ða¶œ~I[(Æ
&CÕäO]ÅŠ-ZgzV6,�âºA
ÔZyÐt¥xƒZ�‹!*g

¯äÆnZEwƒ@* (Paint) ßQkiâä~gzµ

ZZZZ¨̈̈̈~~~~0000****gggg}}}}¹¹¹¹ŠŠŠŠ****iiiiââââääääÐÐÐÐïïïïÑÑÑÑYYYY@@@@****
ååååXXXXZZZZkkkkzzzz‰‰‰‰ÜÜÜÜÐÐÐÐZZZZ####----gggg\\\\zzzzZZZZßßßßVVVVÃÃÃÃ0000****gggg}}}}ÆÆÆÆ

0000¼¼¼¼ÌÌÌÌ7777¥¥¥¥xxxxååååXXXXÎÎÎÎ‚‚‚‚~~~~####ÒÒÒÒ

{{{{0000++++ZZZZyyyy))))””””œœœœ~~~~ÐÐÐÐaaaa¶¶¶¶œœœœ~~~~IIII[[[[((((ÆÆÆÆ
&&&&CCCCÕÕÕÕääää OOOO]]]]ÅÅÅÅŠŠŠŠ----ZZZZggggzzzzVVVV6666,,,,����ââââººººAAAA



ÔÔÔÔZZZZyyyyÐÐÐÐtttt

¥¥¥¥xxxxƒƒƒƒZZZZ����‹‹‹‹!!!!****ggggßßßßQQQQkkkkiiiiââââääää~~~~ggggzzzzµµµµ
¯̄̄̄ääääÆÆÆÆnnnnZZZZEEEEwwwwƒƒƒƒ@@@@****ååååZZZZzzzzggggÃÃÃÃ{{{{ (Paint) 

iiiiggggZZZZ]]]]VVVVÐÐÐÐÑÑÑÑcccc****YYYY@@@@****ååååXXXXiiiiggggZZZZ]]]]VVVVNNNNhhhhzzzz‰‰‰‰ZZZZ̈¨̈̈
ÆÆÆÆZZZZkkkk´́́́ºººº~~~~



˜̃̃̃VVVVWWWW`̀̀̀@@@@****’’’’yyyyZZZZzzzzgggg
QQQQiiiiîîîîyyyyÅÅÅÅ////gggg~~~~ggggcccc****ZZZZ



XXXXŒŒŒŒVVVVÐÐÐÐ0000****gggg{{{{

««««œœœœ~~~~ttttxxxxJJJJ----ïïïïÑÑÑÑYYYY@@@@****gggg;;;;XXXX

‰^ñß‹Ò1�Û^…æ7‰1
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åZzgÃ{igZ]VÐÑc*Y@*åXigZ]VNhz‰Z¨ÆZk
´º~
˜VW`@*’yZzgQiîyÅ/g~
gc*Z
XŒVÐ0*g{«œ~txJ-ïÑY@*g;X

z‰Z¨~„™–.ç
E

GEt**xÅgc*„~�Û¸:ÅzZŠ~
ìXt�g!*Š á{Zzgm�Æ!*ãIZ−+!*',»zí
ìXWU*gŠ`ÆâCÙ+äŒVÐz{ÓxZâY5Zð~
',WæX�»y0~»xWC
}ŠJÂVÆ+?ç FFO

lZrÔ_o‰h}ÔèÅŒÛ&43¨4è
EEGGG)¤ç

G
Mx! (Wadges) 

”(X~‹!*gßÃ¤/x™Æ0*g{Šzu~§s¦™1Y@*
åXZyWU*gÐt¥xƒ@*ì�ZkzZŠ~~¹„Š*
iâäÐ0*g{ïÑY@*åp¾ƒ,Zzg
aŠð,œ~{~ÆŠgxyZ#5ä
{VZzgZkÆzZgNVäÅzwÄ
Æ%œ/n{™ŠñÂz;VÅW!*Š~{:
$+zÙÅi0+Ï¦/Zgä6,6gƒ̂X

ŒÛzyz«~Z#LZ°YóZq-
†y‚¯ƒZåÔ0*g}Åâ8-¹(,|
ˆ¶Xzzt¶�Zy6¤/zVä
0*g}Ô#ZzgnQÃZ’ZðÁÜ
Šg]~Ñg™1åZzg0*g}c*i"3þ GEÃ8-ö EMEOc*âŠgZ:S¤
Š}Š~‰XZy»Zq-ÃttÌå�LLwZg]',sÃ»™
0*ã¯ŠîìXZkn',s0*ãÐaZƒðXŠJ'aè
0*g}~ãYC
Zkn0*g{ZyŠJÂVÅZÍAßg]c*
qªìXZLìw~Zk̂kóó‚³ÃbÐ:ƒ™

6¤/zVä0*gkßÅˆlÑzq™Š~TÐz{0*g}Ã

Îä~ps™äzZá¸X
ˆlÆZkgZ5Ã2w7BX!*z�ŠZàyÆ

!*Š á{;.çE~¼ÔLLlkóó�gzâÆ!*Š á{gzŠZ³Šzì
ZzgŠzu}FxZâVÅu6,4ÆMVäZkÅ`Æ
n(,~(,~Š/Ç
ŹŠ~‰Ô0*gkß;B7Wc*Xp

ZÚ¢zgƒZ�Zy6¤/zVÅïz)ÆŠ!*]Ð¼
Šgc*©ÌƒNX}Zq-6¤/ät¥xH�@*ÆÃ
0*g}Ðg¥/ZYñÂz{e0+~6•4ìX;.çE~‰
eÑu!*Š á{äZkŠgc*Ä»7gZÃZ+{ZVc*Zzg0*g{mñ@*=
ÆDÙZgzV]Áõ Oe0+~Æ]Áõ OC™gZŠñZzgZk§bp[
Šzª¾ðX¼²áˆgzðÅ´GäÎ**¯äÅ
ÃÒÃkH{ŒÛZgŠc*X',¤6Ô�ÛZ÷ZzgŠzu}”V~Zk

ÃÒ6,0*È~ÎŠ~ˆpZ°Æ
Š"vîg6,ƒDgìXßvñ}
YDgìZzgZ7ñ]ÅwZQg„X
Zk0*È~»Dg�ÛZ÷»Zq-�g

( J e a n ‚0ZVjZV',~ß
ÌƒŠHXZÐÜsZkn Brillo)

O™Šc*ŠH�z{ZL!™)ÿ~ÁÜÅ
S:]»_·™g;åXpZkÆ

Š!*]Ó#ÖÅÃ~‡uI}XèI·.çHO‚b»å
ŠÔg;ìX

0*g}Åt&¢A�z{FŠJÂVÃi™ÆWö{¯©8
ìXŠzDÙZg‚w¬Ì¥x¶Ôp-g\zZßVÃZk»D:
åXˆÆiââV~Wö}„Š]ÇƒVÆ@*ÆÆ

÷zV6,ÎäÅ6,]mJä~»xWD¸X

0000****gggg}}}}ÅÅÅÅtttt&&&&¢¢¢¢AAAA����zzzz{{{{FFFFŠŠŠŠJJJJÂÂÂÂVVVVÃÃÃÃiiii
™™™™ÆÆÆÆWWWWöööö{{{{¯̄̄̄©©©©8888ììììXXXXŠŠŠŠzzzzDDDDÙÙÙÙZZZZgggg‚‚‚‚wwww¬¬¬¬ÌÌÌÌ
¥¥¥¥xxxx¶¶¶¶ÔÔÔÔpppp----gggg\\\\zzzzZZZZßßßßVVVVÃÃÃÃZZZZkkkk»»»»DDDD::::ååååXXXX
ˆ̂̂̂ÆÆÆÆiiiiââââââââVVVV~~~~WWWWöööö}}}}„„„„ŠŠŠŠ]]]]ÇÇÇÇƒƒƒƒVVVV

ÆÆÆÆ@@@@****ÆÆÆÆÆÆÆÆ÷÷÷÷zzzzVVVV6666,,,,ÎÎÎÎääääÅÅÅÅ6666,,,,]]]]
mmmmJJJJääää~~~~»»»»xxxxWWWWDDDD¸̧̧̧XXXX

‰^ñß‹Ò1�Û^…æ7‰1
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=gzkÆ�gpDZzg�R%œ/…k',v~
Y1818 ÂZGt»¤/YŠÚ»Z·tƒZìXZkÅy

YJ-ƒðXZk á0+Zgqg]Æ÷6,�ZÏ 1858Ð
F,IÐHŠHìX½ãÎ³¤/Zx{ØÎ**WölÅ̂
~@*ÆÅ(,~(,~eŠgzV6,mJ™t¢0î G

EO¯c*ŠHìXZk»
¢aìX@*ÆÅeŠgzVÅRÃ¬=ƒðz){Ð 26¢

0*u™ÆZÐÅc*Y@*åQZk6,0*g}~Bƒñ
Îä»²wmJD¸XeŠgzVÃ{mîgÐ¯ðƒð
ZûV6,ZÚ¤/xHY@*å�mñƒñ²w»0*g{ZiZ]

0™ZhY@*åZzgÎ**g{Y@*åX
p0*g}Åz{¯Y!g8-ÅZÀ

ƒðØ,�c~{ñÙÐ¸T$ƒYC
‰»x™äzZá¾d$'×ŠzgzVÆn
iCÙ‰ZzgZkÆZW,ÐZyÅñ].e$

1ÐƒC¶Ô¤/Y6,�mJäÆ¿
~ÁZiÁ‚JWŠòZk§b%}X‰
ñgðÃ›âVÅŹðƒðqgÂV~z‰Ü
ZzgbÅ',!*Š~ÂÃWYCì1ZKyZ]
~ZK̈âVÅŒÛ!*ã7Š3ðŠîX

0*g}ÅŠgc*Äc*ZkÃi}Ðï%Å@*gõ¹
ÃèÆ',àV~ (ORE) %æFNZãìXZq-iâä~¡Îæ

EOE

È…¸Zzg0*g}Ã@*i{Ïƒð ápVÅÂV6,¦™fe
¸XÃz{',àVÆ4,Šq-

(Ÿ-ö EHO~gÄŠï¸XW`ÂZ,
»g{ä0‰˜Va�V]0*g{ï%ZzgZÐ™s
™ä»»xƒ@*ìX'Zq-ÅŠ!*äÅŠk,ìZzgûV0*g{
ðÅz~pŠlŠ`Y@*ìÔ˜VFÎe¤/~wZg]0*ä

Æˆz{ggZ]~psƒY@*ìXggZ]Q}™Æ
Zq-(,}Ðjn~¦™aYD
XZk0*g}Ãˆ
~Zzg™sHY@*ìXZk™s”{ŠJ]Ã̄ÑŠ~1ŒV

³¤/Zx°1LÞ½Šc*Y@*ìX{ØF,+0*g{gz"è 35~
³¤/Zx°',@ 5 Æ',àV~X~)x!*Ç7ƒD

g3Y@*ìXQÍŠZñVÐ˜VZkÅâ8-Wñz;VgzZ:
™Šc*Y@*ìX

0*g{z{ZûZëŠJ]ìTÅâ8-¦/Î̧‚wÐ
˜V¶½ãz
ìXqÑèZkÆ66ZEwŠgc*Ä

ƒñp�{mZ:t¸ZyÆÌZ^w
Ì¥x™n‰X0*g}Å¬@aZzZg»
ÜsZq-äðnãßg]~Zzg!*¹Šzäð
%µ5é OE]Å^~ZEwƒ@*ì{Ø
j[zWeä6,&½3ð HEßY~»xW@*ìX
nyÆîg6,Zk»ÃZ+{',¹Å~ZVc*
Y@*ìXj!ZiZ]Ð¶%™~Wgu

( M e r c u r y  A r c g&¼-ö GHÃ],k
¹ic*Š{xZzg0*GZgƒD Rectifiers) 


X',¹gz»uÀå™äzZáñó~¯gUUZzgÈ
ƒäzZápŠ»gNzw‰ge~ÞñÆpŠ»gÎó%Îi

z){~Ì0*g{ZEwƒ@*ìX (Oil Burner) 

Zzg0*g}Æ–c* (Quartz) ',¹gzÝÆÃZgu,
ÃÑŠï
XZy (Ultraviolet) ¢¤!g!*Ñ¶

ÐhßV~̀ZkZzggi+c*ð´`Æ#zV~ƒZÃ™s
Y~ì|ZÉÆ6ŠZVc*gzss 1922 g3Y@*ìX

0000****gggg{{{{zzzz{{{{ZZZZûûûûZZZZëëëëŠŠŠŠJJJJ]]]]ììììTTTTÅÅÅÅ
ââââ8888----¦¦¦¦////¸̧̧̧ÎÎÎÎ‚‚‚‚wwwwÐÐÐÐ˜̃̃̃VVVV¶¶¶¶

½½½½ããããzzzz
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ä6ð‹b»� (Jaroslav Herowsky) wzü
» (Polarography) tµc*#³

\+ö O',¹ZÖg
§iïÑåÔZk~0*g{Zq-Zë™ŠZgZŠZ™@*ìXZkZXŠ6,
‚0ZVÃâ.ÞZÅxÌŠc*ŠHX

j[Æ.e$%Zi}Æ
‚BWgÇy’5™X',¹ZV~

(Mercury ½~YCìz{%™~zT
–BD
pZyÅ Vapour) 

gzÝZâ(z{ƒC¶�i0+{ßÍVÆ
n}'ç NŠzVÅ§b”¸XZzgaç Nc
©Z8!g8-ÅƒYC¶Zkn
Zy»ZEwvÃVZzgŠzu}ê£â]6,È™Šc*ŠHXˆ
~¼Z,ºmñZŠ‰

Å+ö
N

â¯gk
¯ñ‰XÃ–ÅZ0+gzã (Luminophorous) 

Š-Zg6,ÎŠ¶ÐgzÝÃZg8-ŠñYMh¸X{mîg
6,Z(Cg8-�ŠyÅgzÝÐ¹ic*Š{x/ƒ@*ìX

ny0*g{Fe›Zzgƒ43š5é EGGCWÑ]»{m:æENEƒ@*ì}
zÃx (Barometer) Ûz¢a (Manometer) ââ¢a

z){~Xêâ¢a~Zk» (Vacuum Pump) B
ZEwic*Š{¬xìX,ƒ,œ~~Z#wZg]eZXŠ
ƒZÂZk~0*ã½ZY@*åp0*ãaènŠgY]wZg]6,
WY@*ìZknz{âT~t½Zƒ@*åOYC¶X

ä«!*g (Amnonton) �ÛZú‚0ZVZð@*y
îkZ"Zg]Æn0*g}»ZEwHXZkÆ¼‚wˆ

äZCêâ¢a (Farenheit) ̀ð‚0ZVÃgyqV$
¯c*T»e:ZÌJ-',¤6Zzg�ÛZ÷~gZòìXZ[ÃZgu,

êâ¢aW‰
XÐwZg]ÃŠ9ZzgÌW‚yZzgzZã
ƒŠHìX

0*g}Æ%·]ÆZEwŠg†V
Ô}ŠzZîVZzg
(Mercury Chloride) 6z~bzc*]~Zk»³gZ[+

ªù™s™äÆ (Calmel) ̀Z(¿ìXVé
n$Ó4è NGOEÅ§bŠc*Y@*ìZzg

%O[Wzg (Mercusal) %Y‚w
ìÔ¢ÅFg-V~Yh};V
6,ÎäÆ%ûV~¹%æFNZä
iâäÐ0*g}»ZEwƒ@*Wc*ìX

ÏgzV~0*g}»¡ÿ
ENò,M
Íá!*gzŠZzg (Fu lm in a te )

»gÂkÅI8~g3Y@*ìXÃŠZ“/õ
EEÆnt¹¸W,

ZÐìX
ÐXä (Barnacles) W!˜izVÃZ+*V

Æn�ZkÆ−{~ò™ZkÃyZ[™Šî

0*g}»aç NcW‚[+7-
Xt«gÆØ0*ãÐï™
�³gZ[+¯@*ìz{ZyY0+ZgzVÆniCÙƒY@*ìX

øg}ŒV0*g}»Zq-Z(�RzÕãZEwì�
Š*~ZKVwW\ìXyz*ãSîyzúg]Åâ8-
~ìzgZkÆ–ÌƒäÅ¶KãìXtìzgc*

0*g}»Ï[+„ÂìXëW\â8-~: (Vermillion)

�pi!*y~0*g}»ZEw™fe
‰õzgzV~
0*g{m−Ô0*g{Z@*g**Ô0*g{ÁCZzg™ŠZgz'×Z`~0*gZc*j!
ƒ**XZgŠzÆZq-�g á²äÂZCk„j[g3åX

YYYY(((( 1995 ))))mmmm
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ZVgz,œ~ZzgZÞ,œ~~-g8˜´Æ

fY»Zq-gÞZsò˜´~
Sî²[˜´~ZçWc*åX
ZkÆú�£œ¸z{Âƒ

6,ÈV�Ô1Zyà:äZL

ZyẑV~F§hVÐ

"¤]qÝGZzgZ7ZL

‚BZLzíá‰XZ,fY
"Ñg�Ô1fs~P�gVw
7}.#Ö�:

Æczsàt{~ (Austria) W7c* X1

äÔ�ZÝ~ìszZÉÐm (H. Glazer) †ig
g‚råÔF²[˜´~^G�ÔX~^uz„

YJ-^~›y�Æï 1892 YÐ 1890 ìÔz{

~ZÒ`@Æ**xÐ™̂@*g;X^ÐZkäWU*§
Š`Æ**Šg%äZzgÝl¦GX´z{
',,Ãð0*õÎÐic*Š{Z•ð**ŠgnÆ

"¤]Zzä7äyh+™ZL_Z{á

ŠHXX~ÐÛZkä',ßñi*
)ßy(~�Ûz|#GZzg!*¹ÛgZb

Y~mX 1897 Ñ$k,~)',Þ(Ã
Y( 1924 YX 1848 Ã.$»gßà',v) X2

äÔ�Îi+y»!*°{åÔ²[˜´

ÆF^G�XÆŠzgZyZkä

ßÍVÃÑÓŠ}™^Zzg^ÆF!*°zVÐË

"¤]qÝGZzgZLoáŠHXX|Z]Æ

7g}Æ7g}�Zäyh+Zy~·Z)0†ZD„]
Y(»Zq-(,Zfí{å�ZyÆ{0+Zy 1889 )á°

eZËZ£{yÚþ³nþ³þ³þ³þ³þ³þ³þ³†]'

( 49 )mX z{DÆñCÂÁZLW!*YÅ

÷Z_
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~zgZV$Æîg6,Ẁg;åX
(I.Kratchkovsky) XgzÏàt™Z$h½ð

HIzm 3

ZiîyÔF,¾jîyÔ@*’yz){~™̂@*g;Ô˜VÐ
Zkä"Ñg"¤]ZopGZzgš¤/ZeáŠHX´z{
',,ZkäZLẑVÆŠzgZyayÔ áxÔ̂ZzgŠv²[
˜´ÐF"u%nÆ"¤]yh+}
ZzgZ7gzkÅÑ$k,-V~v™@*g;X

XZ¾wÔF,Å»z{zZuàìT 4

~"¤]Æ"Zí»ù·7g~Š*Æ²!
ÃgÏ"¤]Æ½ã',Z',ìXZq-̀ð

Z¾wÆZy (Ritter) àt&Ð.ð E^gR,
"ZíÐzZ åXz{Zq-²7J-z;V}g;ÔZkä
"¤]»Zq-ZYfí{ÔÉâZzgZ]»ù·¦H�ˆ~
̀*~vƒZXZkäŒV6,Zq-ZŠZg{Ì‡ì™g3åX

Y( 1936 X;CÆàt’uƒgyz6)á° 5

YJ-Zq-›yÆï~ 1891 YÐ 1874 äÍ
:Š~²[»ĤÔTÆŠzgZyZkä"Ñg"¤]
ZopGÔÎ!*syZL_Z{ZLoáŠHåXZkÆ
Z,zZu]ZkÅ@*;LL,]~@*gõlóó~F,]
6,ŠAYMh
X

(A.Sprenger 1813-93) X4ô 6

yz*y~ªxÆŠzgZyZzgæ¾z«~ẑVÆË
¹„**ŠgZzg�{"¤]á™̀*ŠHåÔ 2000 ~Ãð

Y~',ÞÑ$k,~ÃÖ@ŠØ‰¸X 1858�

(H.Petermann-1876) XZÏ§bðð 7

Y~æ¾ 1852 Ã!*‡°{"¤]yh+ä»»xŠ}™
z«gzZ:HŠHXz{Šz(,}(,}®Ó½jè

IEyh+™ßN*X
eøÓ\g]ÔÃ±{âVZzĝgCz̄ŠÆfg)F
%ûZsò̃´Ð"¤]qÝG‰ZzgQZ7-g8
zZ%O˜´~àŠc*ŠHXZkyZyÆßv"uƒâg

ZzgeÑuƒäÆ:Lt"¤]Z•ðÁ
76,Zy¾d$›˜´Æ!*°zVÐ
yh+DÔÉZÒŠiÂÜs\gCZW,zgÎc
Æ.Þ6,„"¤]qÝ™feZzgZ7ZL
oàŠï¸XZ¤/p�~œ~Æz‰
Ð½ãX˜´~"¤]ÅÜzw•

6,0*È~Æ‡âyñ�Š
Ô1ZkÆ!*z�ŠeøÓ\g]
»gZk‡âyÃ{§~:ÑDƒñZzg\g]Æ¼kÐ
**Y,̂ÃZ+{ZVDƒñeøzá~F%ûâZŠgZ]
ag~™Æá‰
ÔXÆ!*g}~Z#L¥x
ƒY@*ìÂtZ%‚tW@*ìX

ä(Hodyson) XZq-Z%OÃ·ƒe~Í 1

Zq-¹(,Zù”î0"¤]Â÷~ZK\g]ÆŠzgZy
qÝHZzgQZÐË§b',ßñi*J-àŠc*X

(Har tmann-1919) X̀ðàtCÙ'.è
HE 2

Ûz]~̀ðÃ·»Zi+zZ,̂gåXZkäZkwÐ
Y~ayÔ áxZzgætêÆ¼&)Óë»ĤXZk 1919

Æ´z{¦Ô²ZtZzgF,Å~CÙezgÐZg!*[ZMZg
ZzgZ÷yZâVÐ²!"¤]qÝGXXÐZkä
ZC�7Ã{:ZLo~‡ìHÔ�ªCÙìZkÅ

ZZZZ¾¾¾¾wwwwÔÔÔÔFFFF,,,,ÅÅÅÅ»»»»zzzz{{{{zzzzZZZZuuuuààààìììì
TTTT~~~~""""¤¤¤¤]]]]ÆÆÆÆ""""ZZZZíííí»»»»
ùùùù····7777gggg~~~~ŠŠŠŠ****ÆÆÆÆ²²²²!!!!ÃÃÃÃggggÏÏÏÏ
""""¤¤¤¤]]]]ÆÆÆÆ½½½½ãããã'''',,,,ZZZZ'''',,,,ììììXXXX
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zÃ]ÆË̂(,}Ã{ä~VŠHƒÇX
ä�ZŠ~ (Lynch)  X',¤â~Ã·Þ 3

YJ-»²7¦/ZgZìÔZk}.#ÖÆ 1863 YÐ 1860

ŠzgZyZkäF²!"¤]qÝGZzg
zZ:ZLoY™',ßñi*ÆjZá
™ŠñX´z{',,Zq-Šzu}',¤â~

äñÝÐ ( B u d g e )  Ã·#
²!"¤]yh+}c*qÝGZzg 173

QZ7',ßñi*~¦™Zc*X
Y~',¤6ä›|x 1842 X4

ÅªŠ]~Zq-zÆ5ÔT (Tatam) 

»ZÍAÑ„tå�̂Ð¹„**Šg
nÆ²!"¤]qÝGYNÔ
OçtzÆFÎÆŒÛd$�7"¤]
qÝ™ä~»x[ƒZÔX~&ÎÂ
ÜsCÙyÅ3w6,¸X

( J . G .  W e t z s t e i n Xz&4k5é GHHí 5

Šw~6,zâÅ§sÐ 1 8 1 5 - 1 9 0 5 )

Y(åXZkäeg®Ó½jè
IEz;VÐqÝ 1848-62 Ã·)

GXZy~Šz®Ó½jè
IE',ÞÔŠZÑ&4hë JF

Y
Zzgaå®Ó½jè

IEI"5½è EEYE

àŠc*ŠHX
X"¤]ÅŠgz7Ð**zZ ÔYIÔ  6

)].ÔæZgkÔ{ÕƒVZzgŠv£â]6,ñ�Š"Z#èJELÃÆ
ôZV|Z]Å"z̧AVÐÃZ+{ZVDƒñFàt
Zzg@*̀zVä¦V»ÑÓŠ}™ZyèÃg{!*Ñ|Z]Ð�

7"¤]¹„Á76,qÝGZzgZ7-g8Zzg

Z%O˜´~àŠc*XZknÆ¹ÐzZu]i!*y
iŠ{mz¬x
ÔZzg"ÑgkHñYMh
Ô†:

Y(" 1953 X´)·™ŠZ)á° 1

uZ\kz‹]ÐZKÂ[8‹û EZ/x
~Òy™D
:
LL áx~Â1V6,�rT$**iwƒñ

ÔZy~ÐtÌƒZ�‰-g8̃´
}�ÛZ÷Ô̀*Ô',¤6Ô;CZzggzkä
,ƒ,œ~ÐøgZzgXÔ�"¤]Å
^~åÔ¦™**Ñzq™Šc*XZrVä
 áxÐZLúÒzVÔ¸f{âVÆ
5i}ÔèI$h4ð EIFVZzg—!h4ð IEVÆßÍV
Æfg)"¤]yh+}X²øg}
ßvÔ{mîg6,Š´æZgkZzgYç]~

ñ�ŠYI|Z]ÔMVäZyË�ZCÙ0*gzVÆ£«
~gz9bÃF,ßŠ~Ôçuât~ì-$™DgìZzg
�¼ZyÆŒ~åz{ÔZzg�z{SŠOQŠOÐag~™D
gìÔƒ¼ÛgìX=Zq-rfg=ÐØÎ�Â1V

Æ@*̀zV~ÐZq-Šw~¼»V6,‡*g;XŠ´
æZgkZzgYç]~»g6,zZiZyÃz"¤]ÐtË
�ZCÙ.e$„©à†V6,yh+@*g;ZzgQt�ZCÙ0*g} áx
~ñ�Ş̌f{âV~‰g;XtŸ!yh+z�Ûz|#F
‚ßVJ-Yg~g;Ô-VZkÆ;VÃðÎÐŒÛd$Zëfí{
;ñÃ¦ƒ‰¸Ô�Zỹ´~vƒ‰Xóó

)Yg~(
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6c*d~Zq-Š*‚bì�Zq-îs²áÐ   

¬Wg„ìXd~ÅZkN*ìÑí~¼ZëŠgc*:VÔ
Ãc*]ÔZXŠZ]ZzgŠ!*]Åz„Š~ˆìMVä
].h+‚bÆ!*g}~ZK̈+MÅ™Ãúc*Vîg6,ps
™Šc*X

 430 BC 

äZVÃâŠ}Å Democritus Š*-**ã®
"F,+Z»ðƒä»ZÏsHX

 300 BC

ZgTÆ_.âŠ{egÁÜÐï™¯ì:WvÔƒZÔ
0*ãZzgèXZyÆ_.âŠ}ÅegS:]
:¤/xÔQZÔ

ÆZb Democritus ÈZzgßXZgTÆÃbÃ
Ãb6,F,ßŠ~ˆZzgZgTÅ¹g~ŒÛd$WäzZáDÙZg

       ‚wJ-Yg~g„X

300BC-300AD

ZgTÆÃc*]ÐOW,ƒ™Ô6ŠZâVä:
ŠJÂVÃÎä~ps™äÅÃÒÅXTâŠ}ÃÎä
~ps™äÆaZEwHY@*åZÐ#^»

ë¸X6ŠZâVÅ (Philosopher's Stone)ß
Ã@VÆ!*z�ŠÔZ7Šzu~ŠJÂVÃÎä~ps

 ™ä~L»x!7ƒðX
WWWW^̂̂̂,,,,œœœœ~~~~{{{{~~~~

(668 CE- 704 / 709 Qñ~PZŠ{{−0m,h+
Æ**xÐFZ°Y**òÂÁ™[ÅYC
X CE)

{−Ð™[¼²!6ÅÂ1V»ˆ~ÑH~F,À
HŠHXZy»ñV~ÐZq-Ô6ÅúÅÂ[)ÑH:

Ô66, (Liber de Compositione Alchemiae)

ƒÐ«²!"»ŠgzgBbìXÑH»ñV~Ô{−
ÐY**Y@*åX Calid ÃÑH**x

(18 )mX Hd~ZâŠNÌƒ$Ëì?

{−†Zv{VÔZ%M

d~Å@*gõ

Ÿñ8aþ³þ³^¨Œ
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ââââ,,,,œœœœ~~~~{{{{~~~~
ä(Geber. 668 CE-709) CE Y',085éGOy  

6ðÁÜÅZq-±ŠgzÈ~Ð”gs™Zc*XZrVä
**xCâŠzV‰7ŠzVÔpyZzg!*ßVÐZñ4³gZà‰
)**xC%·]qÝ™äÆa@Zc*]�ÛZëXX

                      ŠŠŠŠÎÎÎÎ,,,,œœœœ~~~~{{{{~~~~
Zq-ÃgÏ  (Rhazes, 864-925) Z1–Z°Zi~

Hydrated 6ŠZyäZñ4³gZàÔZŠJÂVÆ
ÉF Distillation ZzgŠv¤]Å Sulphates

Š!*]GÔ�!*sy¾ƒ,œ~~nã!Z[Å
              Šgc*Ä»!*)̄¯X

ŠŠŠŠHHHHggggƒƒƒƒ,,,,œœœœ~~~~{{{{~~~~
(ZzgZz̀ãŠzâVÃgÏ Avicenna Z1Z#)

\VäÔŠJÂVÃps™ÆÎ**¯äÆZkyÐ
ZïgHXZ1Z#äƒÐ¬YßVÆ7Ã

ÐqÝHXZ1Z#Å66,egÂ1V» Distillation

ÑH~F,ÀHŠHXZ1Z#än*]ÃßzVÔAi"5ÿ GE

âŠzVÔ�Zzg¤]~ŠgzÈ~ÅX
,,,,ƒƒƒƒ,,,,œœœœ~~~~{{{{~~~~  

Ã (Robert Boyle 1691-1627) gZ',^1b
ÆBoyle's Law ª].h+6ŠZyŒY@*ìXZ7

aƒÐic*Š{Y**Y@*ìÔT~Cc*ŠHì�’Æw
(~¶™äÐ’ÆŠ!*ƒ~ùZŸ† Volume)

ƒY@*ìX

          ZZZZVVVVggggƒƒƒƒ,,,,œœœœ~~~~{{{{~~~~
ÃqzV Antoine Lavoisier �ÛZú‚0Zy

ÆW~WxÆ™ŠZgÅŠgc*ÄÆaY**Y@*ìX
(ÃT** 1783 (Zzg;àgzX) 1778 ZrVäWx)

ZzgZæZï**xŠc*XZzgÁÜÅZq-Dz„»gÅTä
Å̂Z(gÅXZkät Periodic Table WÐ^™

ÌŠgc*ÄH�ÔZ¤/pâŠ{ZK^$+wYìÔpZkÅ
(åZq-ÜgSìX Mass S)

                1803 

(äZC�CÙ~Ãt John Dalton YyeZz)
( áùHT~¹ŠHì�Óx Atomic Theory)

âŠ}ZÜV6,ŒƒD
ÔZV.e$gLZzg**‡.Þ
„ƒD
X

1879

(ä].h+Zb William Crookes z@™z¾)
¹g~~7gÄÅZ#ZkäzÃxk[»ZEw™

(ÃŠgc*ÄHX Cathod Rays ÆÅeÃúV)
1885

ä(Eugene Goldstein) -åÍ®ñ
;àgzX’Ð½~k[»ZEw™ÆµfgZ]
Šgc*ÄKXµfg{»eg`Z¼ZyÆ',Z',Zzg#³åX

µfg{Ã6,zIy»**xŠc*ŠHX
1895

äÅe (Wilhelm Roentgen) zÅ;-ê XGgz
#-Bè
EHEE
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ÃúVÐaZƒäzZà®6,ï™DƒñZog}
Šgc*ÄKXgz&

4-Bè GEHEEäZq-@*gq-#}~ÅeÃúV6,
ZKïÅZzgZKïÆŠzgZyZkäØÎc*�z{ÃÑ

MZzgŠ-ZgzVÐÌ¦/g$Ë
XZyÃúVÃZog}
¹ŠHX (X-ray)

1897

ä0*c*�Åe (J. J. Thomson) ZZå\
ÃúV~teg`ñ�ŠìXZkät³Z~.H�Óx
ZÜV~tteg`ñ�ŠgLìXZkäÅeÃúVÃ

»‚Û¾»â.ÞZÅx5X 1906 Z¼Zy»**xŠc*Xå\Ã
  1897

(ä-gkZzgðg* Marie Curie ÷~Yg~)
Šgc*ÄHXZkÆˆZkäŠzZzgÁÜ»èÎc*:gi+*Zzg
7ß4XZÐZKŠgc*ÄÆaŠzâ.ÞZÅxAXZq-d~
~å²ŠzuZ‚Û¾~åX

1909

ä (Rober t  M i l i kan ) gZ',^$Ò5½èGE

9.11 ~Šgc*ÄH�Z¼Zy»ziy 1909

» 1932 ¤/ZxìX$Ò5½èGEÃZkŠgc*ÄÆa E-28

‚Û¾»â.ÞZÅx5X
1911

ä@*•g~ (Ernest Rutherford) ZgêgŠḡge
+(ÔgC0*g< v e Å&ZlxŠgc*ÄX:ZÖ0*g<)

D(ZzgÇâÃÑ)ER,w(XgŠḡgeäå\ÐZ ve)
ZVâew7HXgŠḡge»ìwå�ZV~ic*Š{F,{à(

ìXZk~Zq-Z•ðgN*Ô…rµeg`”{E®Ó4ø
J

)6,zIyÐ½Z(ƒ@*ìZzgE®Ó4ø
JZ•ð!gëg~Ð^

™äzZáZ¼ZâVÐyZƒ@*ìXgŠḡgeâewä
å\âewÃßU*"$™Šc*X

äER,ZyÅ (James Chadwick)
8-,ç EGEeezu

Šgc*ÄÅX
1932

(äZÁÜ6, Enrico Fermi Z²r�Ûò)
ER,ZyÐ�g~ÅXZ#�ÛòäER,ZyÆ‚B-gk6,

»¿zZµ (Nuclear Fusion) �g~ÅÂEÄAjy
»â.ÞZÅx5X 1938 ƒZXZ7ƒ43š5é EGG]»

1934

(Irene Curie and W],+Yg~Zzg�Ûi+guYg~
äŠgc*ÄH�§8gR,~~‰ Frederic Curie)

ÁÜ6,ZÖfgZ]Å�g~ÐŠzu}@*•gÁÜ¡¦îg6,
»â.ÞZÅxŠc*ŠHX 1935 ¯ñYMh
XZ7

1940's

äZ%MÃ (Albert Einstein) Z_Ŵí6í
Zb¢jè

ELIEg~Z½6,̀*ÅïÆ!*g}~Ş̌Zg
HXZ%MäƒÐª�CÙ~¢jè

ELIEg~ZI

(»gHTÆZ0+gŠ* Nuclear Fission Reactor)
  ÆƒÐ¬ZV/Ã¯c*ŠHX
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âVÆÜ~&4-ö EGE1Zñ<Æ‚]¹ÅZ‚ÛZö
åƒäÆˆZkÅ&4k2.ç

HGHGE~¢zg]Æ_.
Z̧gZy;gñy»gƒY@*ìXZkÆ´z{âVÆZi+g³
UiÆ»gLÐZ�ÛZiƒäzZáZhgz½

°[ÔT~Z̧gZyñ�Šƒ@*ìÔ (Andorgens)

Æfg=<ÃqÝƒY@*ìXaÆ (Placenta) &Òh45é FEH

ZhzG~&4k2.ç
HGHGE»QF,**Ô̧ZgZy»ZW,„f%î OŠZgƒ@*ìXL
Ëa~Z̧gZyÅ¶Æ�ÔZkÅŠzâV&4k2.ç

HGHGE

ZhzG~QF,ä~**»x[gT
ZzgÍ�s~„
ZJgT
XZ,±Æ»ZhzG¹gN*Zzg{àƒ@*ìc*

QZk~ZhzG»z�Š„7ƒ@*ìXŠzâV&4k2.ç
HGHGE»Í

�sög0»Ú™2$WgeàZix
B@*ìXZkÚ~2±Æ (Cryptorchidism)

~/Í#º)Wä6,ZkÅ&4k2.ç
HGHGE~Z̧gZy;gñy

Â¯D
Zzgt;gñyZLZW,Z]Ìå™@*ìÔ1&4k2.ç
HGHGE»

e¤/~
_5Òh4ø GGÁ:ƒäÆ:LÔZk~Z4é 2 ŠgzwZg]

ƒD
XZyÆ (Sterile) 7‘W
XZ,%Š!*Ý
d-.è GE~Z4é7ƒD
Xd-.è GE~Z4é»:ƒ**

»Ú (Azoospermia) zp‚b~ZfzZ4ð
B@*ìXt%ŠZKZzÑŠaZ7™Mh
XŠk',kÅ/6,
îÐ¬„Z¤/™2$WgeàZixÚ~2±ÆÆ

&4k2.ç
HGHGEW6,cÆfg)ZhzG~Q@*gŠñYD
ÔÂz{!*Ú
ƒä6,Z4éÅy!*‡Z+{™ä~»x[gLìX

LLzÑŠ]Æz‰Üa~Z̧gZy;gñyÅ
¶7ƒCìZzgz{ZLZhzG~ŠzâV&4k2.ç

HGHGEnƒñ
aZƒ@*ìXpˆ~;&43ð JGF

(Ÿ5Ð.ø
G

GÐå3zZá
ZzgZyÆ�Z&42.ç GEHGk,&43ð GHGR,~ÐZ�ÛZiƒä GTH-Rfs

Å)ñ�ŠÏÆºÔc*ŠzâV&4k2.ç
HGHGE~ GTH-RHs zZá

aZ›îg6,Ãð7{òƒä6,Zzgc*QB/~ŠzâV&4k2.ç
HGHGE

(2 )mX %ŠÆÂ6~¼zŠ

.w‚¾œg+ÔZ¥/|

%%%%ŠŠŠŠÆÆÆÆÂÂÂÂ6666~~~~¼¼¼¼zzzzŠŠŠŠ
02 :::: XXXX&&&&4444kkkk2222....çççç

HHHHGGGGHHHHGGGGEEEE 1

02 :::: XXXXjjjjFFFFzzzzjjjj++++ZZZZ""""1111¹¹¹¹ÒÒÒÒøøøø
JJJJGGGG 2

01 :::: XXXX6666,,,,zzzzÃÃÃÃUUUU 3

02 :::: XXXX»»»»îîîî6666,,,,kkkkUUUUkkkk 4

07 ®®®®ÿÿÿÿ
NNNN::::                                     
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6,Ãð�~a^c*¸g~Š!*îÆ:L&4k2.ç
HGHGE»vyƒYä

ÐZyŠzâV~̧ZgZy;gñyÅWölZzgZk»Z�ÛZi:
Â/Í#º)~ƒ@*ìZzg:„!*Ú/åƒYä6,ZzgZk

ÆˆÌ7XZkÚÃi£ðc*-âe[+Zix

ZzgZkÚzZÑ¿i£ ( E u n u c h o i d i s m )

B@*ìXZ,¿~Ô̧ZgZy:ƒä (Eunuch)

Æ!*)̄ÔÃðÌ%ŠZ:{¤‰ŠZhSÔñ†ÔÃ7WC


Zzg:Zy~Z4éZzgd-.è GE»g™äÅ¸]0*ðYC
ìXZy~&4k2.ç

HGHGEÔ²g~Â6~UiZzg¢{3ï
G

GE@*i0+Ïè
zp‚b~ik,‚]',kÅ/» (Infantile) pZg/

^(Ü¯z^ZzggL‚KÆ„gT
XZy»Â6~
Âx%Zzg›zúÆ”wÐ',~§bøzxgLìXtÃð
ÌÂ6~÷Z�xŠ¶Ð‡ÜgLìX̧ZgZyÅ)

øøøøgggg}}}}ŸŸŸŸ~~~~ZZZZ,,,,¹¹¹¹ÐÐÐÐ¼¼¼¼zzzzŠŠŠŠ



ÔÔÔÔÎÎÎÎëëëëŠŠŠŠggggzzzzyyyyZZZZ����ÛÛÛÛZZZZiiii~~~~
((((cccc****Endocrine-Glands ¼¼¼¼zzzzŠŠŠŠ))))ZZZZ&&&&++++ggggzzzz™™™™ZZZZííííUUUUkkkk::::

ëëëë



XXXXtttt (Ductless Glands) %%%%********ààààzzzzZZZZáááá¼¼¼¼zzzzŠŠŠŠ
¼¼¼¼zzzzŠŠŠŠººººmmmm6666zzzz~~~~ZZZZbbbbZZZZYYYY»»»»ZZZZ����ÛÛÛÛZZZZiiii™™™™DDDD



ÔÔÔÔÎÎÎÎŠŠŠŠggggzzzzyyyy°°°°[[[[cccc****

ëëëë



XXXXttttŠŠŠŠggggzzzzyyyy°°°°[[[[ŸŸŸŸÆÆÆÆ¹¹¹¹ (Hormone) ;;;;ggggññññyyyy
ÐÐÐÐZZZZ¡¡¡¡IIIIÆÆÆÆ»»»»ññññVVVVZZZZzzzzggggZZZZyyyyÅÅÅÅ››››zzzzúúúúÃÃÃÃNNNNzzzzwwww™™™™DDDD



XXXXZZZZ####
ZZZZyyyy~~~~ÐÐÐÐZZZZqqqq----cccc****ŠŠŠŠzzzz¼¼¼¼zzzzŠŠŠŠÇÇÇÇîîîîgggg6666,,,,»»»»xxxx7777™™™™DDDD



ÂÂÂÂZZZZyyyyÐÐÐÐ
ŸŸŸŸ~~~~$$$$++++����aaaaZZZZƒƒƒƒYYYYCCCCììììªªªª¡¡¡¡™™™™YYYYCCCCììììXXXXZZZZyyyy¼¼¼¼zzzzŠŠŠŠzzzz»»»»
ZZZZ����ÛÛÛÛZZZZiiii'''',,,,ZZZZ{{{{ggggZZZZ„„„„ppppyyyy~~~~ƒƒƒƒ@@@@****ììììZZZZzzzzggggŠŠŠŠzzzzggggZZZZyyyyppppyyyyÆÆÆÆ‚‚‚‚BBBBŸŸŸŸ

ÆÆÆÆZZZZ””””VVVVJJJJ----ààààŠŠŠŠññññYYYYDDDD



ÔÔÔÔ˜̃̃̃VVVVttttZZZZCCCCZZZZ½½½½

™™™™DDDD



XXXXttttZZZZ8888~~~~îîîî OOOOZZZZyyyyŠŠŠŠggggzzzzyyyy°°°°[[[[ÆÆÆÆ@@@@ssssZZZZ¡¡¡¡IIIIYYYY
BBBBDDDD



XXXX (Target Organs) 

����FFFF,,,,ŠŠŠŠggggzzzzyyyy°°°°[[[[6666,,,,zzzz””””ÆÆÆÆ¶¶¶¶ƒƒƒƒDDDD



XXXXppppÂÂÂÂ6666~~~~     

¼¼¼¼zzzzŠŠŠŠÐÐÐÐåååå3333zzzzZZZZáááá;;;;ggggññññyyyy��������mmmm;;;;ggggññññyyyyBBBBDDDD



ÔÔÔÔ
ÆÆÆÆ¶¶¶¶ƒƒƒƒDDDD



XXXXZZZZggggZZZZààààÔÔÔÔeeeekkkk,,,,ZZZZÇÇÇÇeeee (Steroid) ZZZZggggZZZZàààà

ƒƒƒƒDDDD



ÔÔÔÔ����llllÒÒÒÒ]]]] (Derived Lipids) ÅÅÅÅ5555ååååFFFFHHHHkkkk
ÅÅÅÅZZZZqqqq----nnnnììììXXXX (Fats) 

ŠŠŠŠâââârrrr»»»»ZZZZqqqq---- (Diencephalon) eeeeZZZZððððZZZZ####èèèèGGGGMMMMEEEE]]]]4444¨̈̈̈éééé GGGGEEEEÞÞÞÞ
zzzzƒƒƒƒ@@@@****ììììXXXXZZZZkkkk»»»»����ÛÛÛÛllll;;;;&&&&44443333ðððð JJJJGGGGFFFF

((((ŸŸŸŸ5555ÍÍÍÍ----....øøøø
GGGG

GGGGGGGGBBBB@@@@****ììììXXXXZZZZkkkkÐÐÐÐåååå3333
zzzzZZZZáááá;;;;ggggññññ÷÷÷÷®®®®ZZZZŠŠŠŠ~~~~ŠŠŠŠkkkk



ÔÔÔÔ����EEEEggggzzzz;;;;ggggññññ÷÷÷÷

BBBBDDDD



XXXXttttƒƒƒƒddddRRRR,,,,~~~~ (Neurohormones)

(Anter ior UUUUÆÆÆÆZZZZŒŒŒŒzzzzÔÔÔÔ&&&&ZZZZ""""555544442222....çççç
JJJJGGGGEEEEHHHHGGGG****ddddRRRR,,,,~~~~

cccc****ZZZZiiii++++eeee;;;;====bbbbøøøø LLLLëëëë



ÔÔÔÔÆÆÆÆ;;;;ññññ÷÷÷÷ÆÆÆÆZZZZ����ÛÛÛÛZZZZiiii pituitary)

»»»»ZZZZíííí^̂̂̂™™™™DDDD



XXXXZZZZyyyy~~~~ÐÐÐÐÔÔÔÔ%%%%ŠŠŠŠzzzzVVVVÆÆÆÆÂÂÂÂ6666~~~~ÂÂÂÂxxxxÐÐÐÐ
mmmmggggppppppppzzzzZZZZááááEEEEggggzzzz;;;;ggggññññ÷÷÷÷qqqqggggzzzzffffssssÜÜÜÜssssŠŠŠŠzzzz„„„„



����
ÍÍÍÍ••••zzzzRRRR,,,,zzzz’’’’;;;;ggggññññyyyygggg99998888----1111kkkk

(Gonadotrophic Hormone Releasing

BBBBDDDD



XXXX GTH RF:Factors)

Follicular XXXX¯̄̄̄ÅÅÅÅ1111¹¹¹¹ÎÎÎÎææææ GGGGZZZZ]]]]4444----....ðððð
HHHHGGGGÅÅÅÅ555544445555ëëëë GGGGHHHHEEEE

YYYY
;;;;ggggññññyyyygggg99998888----1111 1

Stimulating Hormone Releasing

ZZZZ&&&&44442222....çççç GGGGEEEEHHHHGGGG****&&&&44443333ðððð GGGGHHHHGGGGRRRR,,,,~~~~6666,,,,ZZZZWWWW,,,,eeeeZZZZwwww™™™™ZZZZkkkk Factor: FSHL-RF)

»»»»ZZZZ����ÛÛÛÛZZZZiiii™™™™ZZZZ@@@@****ììììXXXX FSH ÆÆÆÆffffgggg====
XXXXZZZZÚÚÚÚZZZZ____55554444kkkk5555ÿÿÿÿ

HHHHGGGGIIIIGGGGKKKKZZZZ]]]]4444----....ðððð
HHHHGGGGÅÅÅÅ555544445555ëëëë GGGGHHHHEEEE

YYYY
;;;;ggggññññyyyygggg99998888----1111 2

( I n t e r s t i a l  C e l l s  S t i m u l a t i n g

H o r m o n e  R e l e a s i n g  F a c t o r :

ttttÌÌÌÌZZZZ&&&&44442222....çççç GGGGEEEEHHHHGGGG––––6666~~~~6666,,,,ZZZZ½½½½™™™™ÆÆÆÆZZZZkkkkÐÐÐÐ ICSH-RF)

»»»»ZZZZ����ÛÛÛÛZZZZiiii™™™™ZZZZ@@@@****ììììXXXX ICSH
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(Adrenal Cortex) ñ�ŠÏÅzzÐZi+g³»gL
ÐZ�ÛZiƒäzZá°ém;gñ÷ÔZ7z½

ZLZW,Z]WiZŠ§iÐŠ3ä”
X (Estrogens)

ZyZW,Z]Æ�ÔZ,¿~úgÂVÅ§b¬îyQ½WD
ë (Gynaecomastia) 
XZkÚÃÇ&45é JGErâ]40î HG


XZyÅ¡]ÌK̈ðƒYCìZzgZy»f6g˜y%ŠzV
Å§sgZáƒä4ìX

zpg7gFZ+Ì
�tCC
�¯Ë{m
',kÅ/ 10 :LÆËË±Æ~z‰ÜÐ¬„ÔŒÛd$

ƒYC
ZzģZgZy (Mature) ÐIZkÅ&4k2.ç
HGHGE¢

;gñyZ4éŠzâV„aZ™ä@
X±ÆÆÂ6~
(T rue  Sexua l Âx»tÚR,z_5½ið Gw6,~»;

B@*ìXZkÚ»±»/Ð¬„!*Ú Precocity)

Y@*ìXZk~�ZãÆX�´â]ÃWä@
X ƒ
ZÐ/ÐIÂ6~¿Z�xŠ¶Å$À)ÿ O¸]�ÛZëƒYC

ìX

®Ò541¹ÿ GEGeZËkä±ÃV~�Zw±ez6,~»;
»ÚÌg7g^H (Sexul Pseudoprecocity)

ìXZk~ÌZ̧gZy;gñy»Z�ÛZi/Ð¬Zzg**gï
B¤/Zx(Ðic*Š{å34ìX̧ZgZy 7-8 lZg)CÙŠy

ÅiZZ+lZgÔ&4k2.ç
HGHGEÆZz6,c*QZàgBUiÆZz6,¶)

(Non-Cancerous Tumours)
µ54n.ç GEGkk%k

ÐWCìXZk~Í#º)z‰ÜÐ¬Zzg!gëgÐ
%ŠZgƒä@ìXŠZhSÔñsVÔ-Zzgik,**sÆ!*w

v15 ¹upZzgJWD
X¢{3ï
G

GEÅMðÌ**gï)
¢aÐic*Š{ƒYCìXŸÅ(,ðZgÅgëgZ’Z~!ƒC
ìÔp¹¢íYCìXZkÐ±Æ»Š**N*g{Y@*ìX

7}ÐÔ (Dwarfism) ŒVŠ‡#ÖÃezWgÇx
YèezWgÇxZ&42.ç GEHG6,&43ð GHGR,~Ðå3zZá¤/zB;gñyÅ¶
Å¯6,ƒ@*ìX

±Æ~/Í#º)ÑzqƒD„ÔZ#&4k2.ç
HGHGEÐ̧

ZgZyÀ_ìÔÂz{Z3Ã"545ÿ
JGIG&Ò54ø FGHÆúV6,ÌZW,eZm

ìXZ’Z~Ât;gñyZyúVÃŠJgŠZggëgÅ
$©o-+ö
GG

G¸]
¿ìÔTÐ±ÆÅZz™ð!~Ð(,fìXpQt
;gñyZLZW,ÐW×W×Šy/ŠyZyúV»„ƒ**È

gZk§b!*ÚƒäJ-%ŠÅ(,ðZg$À)ÿ Oƒ™7g~ ™ŠêìZz
§bíYCìXZ3Ã"545ÿ

JGIG&Ò54ø FGHÆúVÅ
$©o-+ö
EE

G¸]ÔZ¤/
Zq-%ûíYCìÔÂz{Q¤/zB;gñyc*ËŠzZz){Ði0+Ï
½Šz!*g{„ƒäÅ̧]qÝ7ƒ0*CìX

Z̧gZy;gñyÔA-V6,ñ�ŠW]ÃÍ̃ŠZg¯™
Z7è°æ O~Z0+ZiÂŠê„ìÔpzgilc*W™äÐtQ¸g

ZZZZ&&&&44442222....çççç GGGGEEEEHHHHGGGG––––6666~~~~ÐÐÐÐ‚‚‚‚]]]]ZZZZ;;;;ggggññññ÷÷÷÷ääää3333



ÔÔÔÔXXXX»»»»ZZZZ����ÛÛÛÛZZZZiiii
EEEEggggzzzz;;;;ggggññññ÷÷÷÷ÆÆÆÆNNNNzzzzwwww~~~~ggggLLLLììììXXXXZZZZyyyy~~~~ÐÐÐÐŠŠŠŠzzzz;;;;ggggññññ÷÷÷÷
%%%%ŠŠŠŠzzzzVVVVÆÆÆÆÂÂÂÂ6666~~~~¼¼¼¼zzzzŠŠŠŠÐÐÐÐmmmmggggnnnnpppp



ÔÔÔÔ����qqqqggggzzzzffffssss



::::

::::tttt&&&&4444kkkk2222....çççç
HHHHGGGGHHHHGGGGEEEE6666,,,, (FSH) XXXX¯̄̄̄ÅÅÅÅ1111¹¹¹¹ÎÎÎÎææææ GGGGZZZZ]]]]4444----....ðððð

HHHHGGGGÅÅÅÅ555544445555ëëëë GGGGHHHHEEEE
YYYY
;;;;ggggññññyyyy  1

ZZZZ½½½½™™™™ÆÆÆÆZZZZyyyyÅÅÅÅ%%%%ZZZZzzzzgggg÷÷÷÷ÃÃÃÃggggcccc4444™™™™@@@@****ììììXXXXtttt&&&&4444kkkk2222....çççç
HHHHGGGGHHHHGGGGEEEEÆÆÆÆ`̀̀̀xxxx

KKKK6666,,,,ZZZZWWWW,,,,™™™™@@@@****ììììTTTTÐÐÐÐ`̀̀̀xxxxKKKK„„„„ƒƒƒƒääää””””



ZZZZzzzzgggg
ZZZZ4444éééé»»»»gggg™™™™ääää””””



XXXX

::::(ICSH) XXXXZZZZÚÚÚÚZZZZ____55554444kkkk5555ÿÿÿÿ
HHHHGGGGIIIIGGGGKKKKZZZZ]]]]4444----....ðððð

HHHHGGGGÅÅÅÅ555544445555ëëëë GGGGHHHHEEEE
YYYY
;;;;ggggññññyyyy 2

tttt&&&&4444kkkk2222....çççç
HHHHGGGGHHHHGGGGEEEEÆÆÆÆZZZZÚÚÚÚZZZZ____55554444kkkk5555ÿÿÿÿ

HHHHGGGGIIIIGGGGKKKKªªªª7777vvvvKKKK6666,,,,ZZZZ½½½½™™™™@@@@****ììììÔÔÔÔ
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Zzg�{ƒYD
ÔZk~ÌZk;gñy»„™ŠZgƒ@*ìX
Zq-**gï!*ÚHg„%ŠÆŸ~ZyW]»ziy

ƒ@*ìXW] 36% ƒ@*ìÔ²Zq-úg]~t 42%

~ziy»t�ÛtZ̧gZy;gñyÅ$+zªƒ@*ìX
Z̧gZyZyW]Ã)©à̧]Ì�ÛZë™Z@*ìXW\
ä‹ƒÇ�ZÒZ7gF6,"ZÍw£xqÝ™äÆn
ZknÆZgZ[+fÅ7Å54øGHá™ZLW]Å¸]
(,JD
qÑèYõ7,@*wƒYä6,ŠV»1geZ7
£¨ÐZµ™ŠêìX

Z[W\ZL{0+ZyÔDc*Zjw~â/±ÃV»x@{
<XX±ÃV~¢~ŠZhSñ†%ŠZgƒ̂
ÔZyÆ
ŠgLg{‰
ÔYèQyÅZ3Ã"545ÿ

JGIG&Ò54ø FGHÆúV»
¿„Ô̧ZgZy¢Z�ÛZiƒäÐ¢ÈƒŠHìXp
Zk;gñyÐZyÆW]Í̃ŠZg0`
XZyÅWzZi

Ì¸g~ìXZŠOz{â�Zy±Æ�EŠÆ
ÔZyÅZÌ
ŠZhSñ†7WðƒC
XZy~ZÌZkm;gñy»
Z�ÛZi7ƒZìZzgZ3Ã"545ÿ

JGIGúVÃ„ƒDg0»z‰Ü
»°ïg;ìXZk;ñyÅ)ñ�ŠÏÅzzÐZy±ÃVÆ

W]ÌÍ̃ŠZg7
ZzgtŠ«Þ
XZyÅWzZiÌ
«ìXZ[W\™`ƒf�i+Aõ

EEZÒEYVƒD

ÔQé3åXHO-VÆW]ÍÑðnYVƒD
ZzgZyÅ
WzZiZkŠgZYVƒCìX

²²²²gggg~~~~mmmmUUUUkkkk
(Secondary Sex Glands)

Zk¤/z\~&nÆ¼zŠgÇ‰
XZy¼zŠÃ

%%%%ŠŠŠŠZZZZzzzzggggúúúúgggg]]]]ŠŠŠŠzzzzââââVVVV„„„„½½½½ÆÆÆÆ™™™™zzzzññññiiiizzzzxxxx6666,,,,ZZZZqqqq----ZZZZ((((ÌÌÌÌåååå
ììììÔÔÔÔ����uuuuÆÆÆÆ!!!!****ßßßßVVVVÅÅÅÅaaaazzzzVVVVÃÃÃÃ$$$$zzzzgggg™™™™ääääÆÆÆÆnnnn (Gene)
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uuuuÆÆÆÆ!!!!****ßßßßVVVVÃÃÃÃ¤¤¤¤////ZZZZ********ÑÑÑÑzzzzqqqq™™™™ŠŠŠŠêêêêììììXXXXWWWW\\\\ääääŠŠŠŠ¬¬¬¬ƒƒƒƒÇÇÇÇ����((((,,,,~~~~
////ÆÆÆÆ%%%%ŠŠŠŠzzzzVVVVÆÆÆÆuuuuÆÆÆÆ!!!!****wwwwZZZZÒÒÒÒQQQQYYYYDDDD



ZZZZzzzzggggZZZZyyyyÆÆÆÆeeee0000++++

(True òòòòWWWW@@@@****ììììXXXXeeee0000++++åååå3333»»»»ttttððððyyyyRRRR,,,,zzzzcccc****����ÛÛÛÛzzzz7777----!!!!****®®®®////
BBBB@@@@****ììììXXXXßßßßÍÍÍÍVVVVÃÃÃÃttttßßßß.... or Fronk Baldness)

ìììì����iiiicccc****ŠŠŠŠ{{{{ÒÒÒÒZZZZ%%%%]]]]cccc****ÁÁÁÁzzzz9999ÆÆÆÆ‚‚‚‚BBBB********VVVV$$$$ÃÃÃÃwwwwcccc****QQQQÒÒÒÒ]]]]
ÜÜÜÜwwww••••ÆÆÆÆffffgggg==== (Masturbation) ÐÐÐÐ^̂̂̂iiiiãããã

dddd----....èèèè GGGGEEEE»»»»¹¹¹¹iiiicccc****ŠŠŠŠ{{{{ZZZZyyyyZZZZ`̀̀̀ƒƒƒƒYYYYääääÅÅÅÅzzzzzzzzÐÐÐÐŸŸŸŸ~~~~6666,,,,zzzz””””ÅÅÅÅ¶¶¶¶
ƒƒƒƒYYYYCCCCììììZZZZzzzzggggAAAA$$$$!!!!****wwww!!!!****¯̄̄̄))))********³³³³½½½½ZZZZáááá$$$$zzzzggggƒƒƒƒ™™™™¤¤¤¤////ääää””””




XXXXqqqqÑÑÑÑèèèèZZZZ((((7777ììììXXXXŠŠŠŠggggZZZZÝÝÝÝ%%%%ŠŠŠŠzzzzVVVV~~~~eeee0000++++ÂÂÂÂ____ZZZZqqqq----

{{{{¤¤¤¤ììììXXXXZZZZÐÐÐÐ½½½½OOOOWWWW,,,, ( G e n e t i c a l ) QQQQCCCC
{{{{¤¤¤¤¹¹¹¹YYYY@@@@****ììììXXXXZZZZkkkkÆÆÆÆnnnn (Sex-influenced)

ZZZZqqqq----ººººmmmmååååZZZZzzzzgggģ̧̧̧ZZZZggggZZZZyyyy;;;;ggggññññyyyyffff))))ŠŠŠŠZZZZggggƒƒƒƒDDDD



XXXX
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Z7fZB~Û¯Cì(ƒCìXÃg&4hë GERÅYõ
~Ô�Û`Ðïá‰zXFg±~�ÛÍkØ¤/Åñ�ŠÏ
gx$Å¤&™CìX

::::(Prostate Gland) XXXX6666,,,,zzzzÃÃÃÃUUUU 2

ÆVÆ̂Å (Chest nut) tZq-(,~ á{#o
ÆZ’Zð (Urethra) Zq-(,~UìÔ�Iwª-gpZ

u}Ã=Í}ƒñƒCìZzgZkÅ5Iw~tìXZk
8~î O¯@*ìX 30% ÆZ�ÛZi»g8-ŠzŠXƒ@*ìXtd-.è GE»

Ô¼lZg~‚ñf$ ( L i p i d s )  Zk~É45åGF
Hk
Ô!*ð»g1,MW"Zzg¼Z«ZìƒD
X (Citrate)

‚¶f$Z4éÆn´tìÔ!*¹ÁÜZ4éÃZzgÌ
ic*Š{Ãu¯ä~æŠÇgƒD
X

::::(Cowper's Glands) XXXX»»»»îîîî6666,,,,kkkkUUUUkkkk 3

UkÌ (Bulbourethral) Z7ø-gpw
ë
XtZq-�h~Cg8-ÆÔæÆŠZâVÆ‚K
Æ¼zŠƒD
Xt¢{3ï

G
GEÅãCŠ6,zZµƒD
ZzgZC

8~î O»g 10% Z�ÛZiIw~Q&+&Í/õ GG
XtZ�ÛZid-.è GE»
Å§b™s (Musous) ™@*ìXtZ�ÛZiÇhJÔñ¾

ËsÔ"g8-»Zzg%Å§b)X{¤»g±ƒ@*ìX
f‚~mÅpZéc*ÜsìwaZƒD„Ô¢{3ï

G
GEÆ

(,}ƒäÆ‚B„ÔtUk¯gUZÁƒ™ZCg±10+10+
™Æ¢{3ï

G
GEÐ!*CÙ]ä”
X%O[Æ{g`ƒä

ÅzzÐÔIw»gZ3!Z!ƒ@*ìZzg!ZšMZ4éÆ

n$ƒCìX»î6,k¼zŠzÐå3zZÑg±ÔZ4é
¯(Neutral) ÆWäÐIIw»gZ3ZLZW,Ð®s
Æ(Sexual Intercourse) ŠêìŠzu}ÒZ%o

ZZZZiiii++++ggggBBBBUUUUiiiiÆÆÆÆZZZZ0000++++ggggzzzzããããzzzzÃÃÃÃZZZZiiii++++ggggBBBB»»»»ggggLLLL
ëëëë



ZZZZzzzzggggZZZZ����ÛÛÛÛZZZZiiiiƒƒƒƒääääzzzzZZZZáááá&&&& (Adernal-Cortex)

ZZZZnnnnÆÆÆÆ;;;;ggggññññ÷÷÷÷»»»»WWWWöööö{{{{»»»»ggggkkkkZZZZggggZZZZ[[[[++++kkkk
BBBB@@@@****ììììXXXXZZZZkkkkWWWWöööö{{{{~~~~ZZZZqqqq----ÃÃÃÃLLLL (Cartiosteroids) 

;;;;ggggññññââââVVVV (Gonadocorticoids) ÍÍÍÍ••••zzzz»»»»gggg\\\\ààààkkkk
»»»»ƒƒƒƒ@@@@****ììììXXXXttttmmmm;;;;ggggññññ÷÷÷÷ƒƒƒƒDDDD



ZZZZzzzzggggÂÂÂÂ6666~~~~mmmmUUUUiiiiÐÐÐÐ
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ÆÆÆÆZZZZWWWW,,,,ÐÐÐÐââââ////±±±±ÅÅÅÅÅÅÅÅ¡¡¡¡]]]]ZZZZ’’’’ZZZZ~~~~±±±±ÃÃÃÃVVVVÜÜÜÜ0000YYYYCCCCìììì����
ˆ̂̂̂~~~~ZZZZkkkkÆÆÆÆÞÞÞÞŠŠŠŠZZZZyyyyÆÆÆÆ

¢¢¢¢----....5555ÿÿÿÿ
EEEE

GGGGGGGG;;;;ggggññññ÷÷÷÷ÆÆÆÆZZZZWWWW,,,,ÐÐÐÐ********ggggïïïï²²²²ZZZZðððð
ƒƒƒƒYYYYCCCCììììXXXXZZZZÏÏÏÏ§§§§bbbbZZZZkkkkUUUUÆÆÆÆ

¢¢¢¢----....5555ÿÿÿÿ
EEEE

GGGGGGGGmmmm;;;;ggggññññyyyyÆÆÆÆZZZZWWWW,,,,ÐÐÐÐ
ââââ////±±±±ÆÆÆÆÆÆÆÆ¬¬¬¬îîîîââââVVVV~~~~""""5555ÒÒÒÒøøøø

EEEEFFFFÆÆÆÆúúúúÃÃÃÃ^̂̂̂ÆÆÆÆÅÅÅÅÆÆÆÆ‚‚‚‚^̂̂̂,,,,
ÅÅÅÅ¡¡¡¡&&&&ÒÒÒÒ55554444øøøø FFFFGGGGHHHH0000YYYYCCCC



ÔÔÔÔ����ˆ̂̂̂~~~~ZZZZkkkkÅÅÅÅ&&&&4444kkkk2222....çççç
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»»xÌ™@* (Lubricant) ¿ÆŠzgZytg±Ë.ç NE~S
ìX

ÐVZ±h4lç G~mUkÐå3zZág±Æ‚B
B@*ìXt (Semen) AƒñZ4é»Wö{d-.è GE

å:ŠZgCg8-»ÇhJg±ƒ@*ìXwÆˆ[Ð
Z4éƒD
XZq-Hg„**gï!*Ú 10% Zk~

~ (Ejaculation) ±Æc*%ŠÆZq-%ûÆZ4,Zw
B{(d-.è GE»ZyZ`ƒ@*ìX 3.5 B{)À˜ 5Ð2.5

B3.5
d-.è GEÅ¸lZg**"3ï JGHÃw~ÌƒCìXd-.è GEÅ

�Z4éƒD
Ô�úg]Æ 400 {lZg~½ã
]J-!*gzg~ 7 2 Ð2 4 Â6~ÂxÅ**à~

ÆÑë¶gT
Ôªtz;V&Šy (Fertilization)

J-i0+{gT
X
�c*ZkÐÁ 70 B{d-.è GE~ 3.5 Z¤/Ë%ŠÆ

®ZŠ~Z4éWgì
ÔÂzp‚b~z{%ŠZzÑŠ
aZ™ä~**‡.Þâ**Y@*ìÔZ,%ŠÃZzÑŠaZ™äÆ
nzp2»–gZheÅ&bŠ~YCìX1Z#L

�c*ZkÐ 600 Z4éCÙŠy**gï®ZŠÐic*Š{ÔŒÛd$

Zz6,“W”
ÔÂt6,zë**gï®ZŠ6,ÑäÆn&4k2.ç
HGHGE

pŠ„ZKf%î OŠZg~SD
XZ,~&4k2.ç
HGHGEÆuIàKÔ

**xÆZq-6,z”;gñy»Z�ÛZiÑzq (Inhibin) Zy454è XGEE

™ä”
XZy454è
XGEEÔ;&43ð JGF

(£Í-.ø
G

GZzgZ&42.ç GEHGk,&43ð GHGR,~6,ZW,
Ã GTH Zzg GTH-RF ™ÆÔZyÐògì!*F,KM

¼z‰ÜÆnå3ÐgzuŠêìXTÐ̧ZgZy»
Z�ÛZiÈƒY@*ìXZkÅ¶ÐZ4
854ø EEG»¿IY@*

ìX‰„Z4x»î.$**gïCw6,WY@*ìÔZy454è
XGEE»Z�ÛZi

ÈƒY@*ìZzgZ4kàCQÑzqƒYD
XYèZy454è XGEE
&4k2.ç
HGHGE~Z4‹Ã“WÐgzÂìXÅ<å XEZ‚0ZVZk¡

»g™äÆ (Pills) Ð%ŠzVÆnâúÜZzgw&ÒøFL

nÃ áV
Xt&ÒøFªÍ1V¢!*iZg~W$Ë
X
âCÙ+»ìwì�Zy&ÒøF»%ŠÅ¡6,ÃðtZW,77,}
ÇX
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JJJJGGGG
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(Growth cccc****¤¤¤¤////zzzzBBBB&&&&ÒÒÒÒ55554444øøøø FFFFGGGGHHHH (Epiphyseal-Plates) 

ëëëë
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(Somatotrophic) &&&&¤¤¤¤////zzzzBBBB;;;;ggggññññyyyycccc****ÎÎÎÎ



RRRR,,,,ZZZZ’’’’
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EEEE
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