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ŠwÅ�ZÇVÐ—Z**Ge’ZzgZkÃ¬Š]¯¢8e’
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Ÿ6,%A$ƒäzZáù¦ZW,Z]»Y,̂{1ŠHXZkÐ
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~qÝƒäzZà—Z?ØZK̈ãŸ6,Çîg6,Zi
{á¡jZW,Z]eZrìX
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à‰XZknÑzgil�!*‡°ÏÐÅYñ¹

»gWæU*"$ƒCìXŠzh**ÌZq-ZhzgilìTÐ
Šâr~Z&+zg@**ò;gñy»ZyZ`¿~W@*ìXZkÆ

³~ZK̈y÷ltKlCk™@*ìZzgpÙÐhgƒ™
ZfŠÏ‰%nÐŠzgg{YìXgvz]VÃ¯äÅ
zgi/Zzg½ZNÌZk%nÃŠzg™$Ë�X

ZfŠÏÃŠzg™ä~-ÇÅzgiØV»Zq-Zëgzwƒ@*
ìXZq-qDï~t¥xƒZì�ß~Šz!*g-ÇÅ

‹̄~Ñ•™ÆDÐ-Çzgi/
ÅIÂZkÐZfŠÏZzgÜs©w

Æ¬gçVÅ´â] (Anxiety) ¡÷
~úc*V¶zZµƒðXzZd)Z%M(Æ
âCÙ´`;CZ%ZneZËÃgðgzi#-£ÿ

EG

ë��æ¹˜´~ÅYäzZàt
-Çzgi/ZkŸ~Zk§bµZ0+Zi
~»x™C��tKãEaZ™CZzg

ÂzÆZg‚iÃ(,JC�TÐf‚~!*g!*gZàzZát
ìÑ]ÆeI^YD�Xtzgi/Kã¤‰Ü~
ZŸ†™C�ó�~‚cheÆ¿ÐzZ/(,JC�ó
ÂZiyÆZˆ‚]aZ™C�Zzg%ZKÆbÃ¾e$à™
Zq-4+ZzgñW,âúZfŠÏŠzZ»‚»x™C�X

-ÇÅ§bŠ*ìSàzgi/óXÃ@*ðc¹Y@*
ìóÌZfŠÏÆ¬g£ÃŠ«™ä~æŠÇgk��Xo
u~ÅˆZq-qDï~t0*c*ŠH�ZfŠÏÆDg
%ÉVÃZ#@*ðczgi/&̧VÆ²-J-0*È~
Ð™ZðIÂZy~Zk%nÅ´â]~úc*V¶zZµ
ƒðXtÌØ`ì�tzgi/Z¤/ßv¤/zƒVÅ^

J]ñrŠ8
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Z*ŠçÑ}Å�{ZŠZg»Z}z̃yƒäÆ‚B‚B
ZyZŠZgÃWäzZàYVJ-v™ä»fg=Ìƒ@*ìX
Z‚E+{ZL�ÛZøÅZŠZ5~Z¤/fg{',Z',ÌauYNA$

çÑ{ÅãCŠ,Z9YC�ZzgçÑ{³Z+MÑ6,4Zzg

¢Š6,4Å¦k,0™3»%:7™@*ìX½ZK̈ãi0+Ï
ÆÓxUîV»Zq©™CìZzgZK̈yÃçÑ}»Zq-dw
ZzgZëbz“W~æŠ�ÛZë™CìXZ*ŠÃZ�ÛZŠ‚i~Æ
�ÛZøÅZŠZ5Æ:LçÑ}~ZÐZk»Y,̂{£x
�ÛZëHY**¢zg~ìXçÑC}.â]ÅZŠZ5Æ:L
çÑ{:ÜsZ*ŠÃZdZzgúc*V£x�ÛZë™}ÉZkÆ
ZŠ[ZzgZ�ZxÃÌCÙŠxÅp{§gÇXCÙçÑ}Zzgè<Ø

~Z*ŠÃYzZàZÌZ‚E+{ÐpŠÃZq-gzw
âewÆîg6,7™ä»»£™CìXZâx
ZWZ1�òÐZyÆ³m,	á¤/Š|]Zâx
-Šòä7Y�LLZ*Š÷ƒ@*ì?óóXW\òä
�Ûâc*LLZ*ŠZ#”VÃ7,Jg;ƒÂ¨gÐŠd
ÔZ¤/Z,7,Jg;ƒ‰ZL”VÃ7,J@*ìÂ
Z*ŠìZ¤/ßÍVÆa™™7,Jg;ìÂZ*Š

7ìXóóZâxZWòÆZk¸wÅgzÝ~Z¤/
Z‚E+{Ã6,3YñÂçÑ}~âŠe$6,4»„…zZã
ÃWñÇXZ*ŠçÑ}~ZÜ¹ZŠZgÃ�ÛzrŠ¶zZÑƒ@*
ìpœZ\k�W`t&)PZ]4k5é

GIE]Æ(ZKÑZzg
z‡gÃ½âÅ[ìX&D+göW`ÜsZq-
Y[)â™~(ÔZÏ)9Z{(ZzgF,¹ÅuJ-özŠƒ[
ìXZ*ŠZzg	á¤/Š»lkģ}ÅŠHìX@*gõ¬Ý	á@
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™ŠZgÆfg=ZyÅF,šM»»xÌZ�xŠêìXçÑ}
Åiâx»ge%zZáZ�ÛZŠpZ{z{ËÌˆZzgcÐ
zZhƒVZLZ*ŠÅF,šMÆ?kƒD�XZ*Š»Zë

ZzgãCŠ~�Û9ZK̈y‚i~ƒ@*ìXZ¤/85Âî FG

Zk»x~»[½Zzg(ZŠZgzVÆ
ZW,Z]Ì	áïƒD�ptZq-**‡.Þ
F,Šh+|ì�7g}(Âx»%œ/z"g
Zq-Z*Š„ƒ@*ìX»[½�Ìƒp
Z*ŠZÐT§beì7,JYìXZq-

›yy6,¬xZ‚E+{ÐŠztf)ŠZg~
¬Z+ƒCìaèz{¬ÂZq-›yì
ZzgŠzuZZq-ægkÌX,ZsxÅgzÐ

Z*ŠZq-%!Ô'×ÅÔgÉzgÚƒ@*ìX�:Üs±âÅ
F,šM™@*ìÉ±âÃZsòÃt§]ZzgZsò(

ÐzZhÌ™@*ìXYèÃtÆ%ÃðÌ¸x  Ãc*]
½Ð¬g~"F,šMZ�ÛZŠ»ù·0YCìX›!›Ð)4èGE

ÆnÑZ™x~VÅJzÏìLL�ÃðÌ›âVÆË
çA»f)ŠZg¯QZyÆnZ+ípZ„ZzgÃÒ:ÅÎ
z{ZKfZ]Æn™@*ìÂZv¬àZkÃìÆ.Þ3~
eZwŠ,ÐXóóZk�Ûâyt~~VÅgzÝ~Z¤/›Z‚E+{

J]ñrþ³Š8

››››!!!!››››ÐÐÐÐ))))4444èèèèGGGGEEEEÆÆÆÆnnnnÑÑÑÑZZZZ™™™™xxxx~~~~VVVVÅÅÅÅ
JJJJzzzzÏÏÏÏììììLLLLLLLL����ÃÃÃÃððððÌÌÌÌ››››ââââVVVV
ÆÆÆÆËËËËççççAAAA»»»»ffff))))ŠŠŠŠZZZZgggg¯̄̄̄QQQQZZZZyyyy
ÆÆÆÆnnnnZZZZ++++ííííppppZZZZ„„„„ZZZZzzzzggggÃÃÃÃÒÒÒÒ::::ÅÅÅÅ
ÎÎÎÎzzzz{{{{ZZZZKKKKffffZZZZ]]]]ÆÆÆÆnnnn™™™™@@@@****ììììÂÂÂÂ
ZZZZvvvv¬¬¬¬ààààZZZZkkkkÃÃÃÃììììÆÆÆÆ....ÞÞÞÞ3333~~~~

eeeeZZZZwwwwŠŠŠŠ,,,,ÐÐÐÐXXXXóóóóóóóó



15   2018 ZÆ',âx)Ô5Š‹ ‰^ñß‹ QgŠz

ZL�ÛZøÅZ�xŠ„~fg{½ÌÃ@*„','ÐÂgzi
ª#ÖZy»JñZ~.{HYñÇXgziª#Ö°x‚iÇg
qÑ]ÔâŠ~z‚bÅ¶ÔzZ−+ZzgCYÅ°xÂµzŠv±g

›Z‚E+{ÆnË»x7WNÐXZ‚E+{ZKZÌZzg
f)ŠZg~ÃCk™,{mîg6,›Z‚E+{ZL£xÃTä
�ZzwÂz{›y�ZzgQZsò§içÑ]ZzgŠ+¡]
ÆÎfÆn5±Ã»g™äzZáyÔZ*Š%!ZzggÚ
�X**)°qÑ]~Ì›Z‚E+{»AYzÑ±âÅ
Zsò½zF,šMƒ@*ìX&D+göÐzZhZ�ÛZŠÆn

ZLD~Ú (2) yfZ] (1) egiyZyƒD�
½Ç{ZzgZ*ŠX (4) CYÅ,z™ŠZg‚i~Zzg (3) ZŸ†

yfZ]:5±Åy»»xZ�xŠ¶zZáZ*ŠÆ
nƒÐ¬ZKfZ]Åy¢zg~ƒCìXCYÆn
Z*ŠÅfZ]Z°gzZŠZg»ZZ£gƒCìXZ‚E+{ZK,

Åy~ÑZ™x~VÅfZ]Ã7ÃgOXCÙZK̈yÆ
nÑZ™x~VÅfZ]0*u4+%:ìXW\~Vy
ZW�ZÏnZ‚E+{ZLcÐZ»s™äÆ´z{
ŠgkzD+gö~ZW,z@*|aZ™äÆnW\~VÆZÎ{

õÅÑiòcz~™,XZq-y»»Z#g[ÇÅ
Ñzºc*ðÐ©gƒÇÔZ©x}.Zz0+~»0*ÈZzg<L
t~~V6,¬ïƒÇA$Zk»Šgk	á¤/ŠzVÆn!*gZy
gØZzgi0+ÏÅâh+0YñÇXy»plZÜtÔ3,xpÔpl

%gÔ¡gÔ^gŠÔg£wÔ̂gzñ÷ZzgæŠÇgƒ**¹¢zg~
ƒ@*ìXZ*ŠŠgkzD+göÃÜs”wçl»fg=:Œ
ÉZkÃgŸñZÅ:ö X»Zq-fg=âäXZsòÃ̀Ð”w

D»ÑpŠW’Zzg}.ZW’ìåtÃtZ‚E+{Æ
f~V~k„gìXXExÅF,zózD+göÃfg=çl:

−ÉEVD+göÔF,zózZ	á®)ÃZÜtÅ—~Zzg
™ŠZgÅyÆnZEw™,XZq-ÇZ*ŠZssÐ
qÝ”{Ex)Ãc*]Ô d$Ô)Z+ÔZ°gÔ¬ŠZ]
ÔgD**]ÔZzgáb(Ã!*ÇZÏ§b%ËÁz»„Z‹

YVÃ¡z�ÏÐv™}XZ*Š#ï)®)c*ægNÅ
egŠ-Zg~J-„Z*Š7ƒ@*ìÉz{CÙ>ÞZK
gëgÔ%gÔ™ŠZg¾nCÙ!*]~yƒ@*ìXyÅCÙ!*]z
w•C6,ZW,Z0+ZiƒCìXCYÜsZ*ŠÐÂ[c*Zòt
„77,_�Éz{Z*ŠÅfZ]z{,»Ì_·
™D�XZ*ŠægNÔö»yZyÔyZzg!*iZgCÙ(CY
ÆnZq-i0+{%:ƒ@*ìXCYÃ[z¯gÐI™äzZÑ
Z*ŠZ¤/pŠZyZdw~C_ƒA$ZkÆZqwpŠ[z¯gÅ

CYÃ{ñl½Šï�XZq-"ñZzg$+'×Z`Z*ŠZ¤/ñz
·Å½Š}A$Zk»¿CYÃmm}6Zzg°x·Å
§sâb™@*ìXZq-xZ*ŠZK,Ã:Üs…g@*ì
ÉZK,Æfg=çÑ}Ã4+ZK̈y�ÛZë™@*
ìXZq-Z*ŠÃñz·Ôçn.Ô̧]êÔ¥Ð„~
ÎîÔpl¯òZzgñW,Z0+ZiÒy74k5é EGGz™sÐéƒ**
ecXZq-Z*ŠÅ,ZzgÌŠHƒYCìZ#z{
ZÜmÔÎÔ^gŠ~ÔŠši~ZzgZ&bÆ_."ÐÄz‚

D~ÚZŸ±Å[;Zôm,~»czs (2) ‡ì™}
"Teaching  is  no th ing  bu t ¸wì�

t!*Ç|ì�D+göÆfg=F(gZi learning"

J]ñrþ³Š8



ÈVƒD�ZzgD+göCÙ>ÞZ‚E+{ÆD~ZŸ†»!*)̄
ƒCìXZkÆ!*z�ŠZ‚E+{4D+g+}.â]ÅZ�xŠ„
Æn].h+¥â]Æ”wÃD¯N@*�ŠgkzD+gö
ÆŠzgZyË0Zzg$ÐZLW\ÃôpgÄÃXZLD
~ZŸ±Æfg=Z‚E+{:ÜsZK,Ã4¯Mh�
ÉZKD+göÃÌ!*ZW,¯ä~»x!qÝ™Mh
�X²!»k!ì�LLDqÝ™zÍŠÐÍgJ-óóZ‚E+{Ã
Zk¸w6,å»gÈgxe34/õ XG

JXZ*Š~d1‰ÜÔD+g+
&6VÆ‚B”VÅ;]Zzg§&½ÐzZ/"

CYÅ™ŠZgz,‚i~;½~PJ (3) u¢zg~ìX
‚i~ÆgDyäCYÃDÆÐÑÐŠzg™Šc*
ìXCYÅ™ŠZg‚i~~Zzg,ÆZg»Y~y»¹
(,ZŠ4ƒ@*ìXZq-ZYZ*ŠZL	á¤/ŠzVÅ™ŠZg‚i~Æ
n!z‰Ü„qgLìXZLCYÆŠßVÐ
—zgÂVÔWßŠ7VZzgÓxWÑUVÃŠzg™DƒñZkÃ
ZZyÔps}.ZÔZnq<LZzgWy]Å�Z[Š„ÆZˆk

Ð©g™@*ìXCYÅ™ŠZg~‚i~ÆnpŠÌ¾~z
6,ÌÇg~ÃZ(g™@*ìZzgZL	á¤/ŠzVÃÌZk6,¿cZ
ƒäÅS™@*ìXZq-ZYyZL	á¤/ŠzV~Ñ
ÐÎzŠpaZ™@*43ŒÒ5é XGEYÃZgzÑªxÁÐŠzgg‚r
ìXŠ*Ð"*i~ZzgâŠ{6,4ÐZA[ÅS™@*
ìXZL	á¤/ŠzVÃœZzg[»¬Š~¯@*ìX»‹:Zzg

½Ç{ZzgZ*Š;W` (4) ÍZz‡]ÐCYÃ!*ig‚rìX
ZjwÔ»

ÄBø EÔ-Eg„½ÅZÝ¾nz¸e$ÐZ'Zs
™DƒñâŠ{6,4Æ�Ûzr~77ÃWgì�Xt

ZŠZg}eZËÔZbÔ‚0ZyÔ(„ŠZyÔ6,zWÔåiÔZzg
#î¯ä~Â»x!qÝ™gì�pZq-WŠòÃ
ZK̈y¯ä~)��½»ZëÑì(**»xƒgì
�X(ZŠZg}ZK̈y‚i~Æ»gq{ÐW`¬g~Ã
Wgì�Z‚E+{ÅZyqÑ]~f)ŠZgZzg(,|YCì�z{
§i½ZzgÂx½~p~Å[zÃÒ™,XâŠ{6,„
»[½z(ZŠZgZY]~ŠZ›g~ÐD+göZdwÃ
Z�xŠ,@*�CY~ŠCÙe$ZzgâŠ{6,4‰_.!*]u:ZV

ÃXZL¿z™ŠZgÐ(ZŠZgzVÆZOðÃµ(
ÂxÅ§sgZá™,Xšq~Æ‚BŠc*-$ŠZg~Zzg
Zâ-$I~»Zq-ZZ%:‡ì™,X½ZŠZg{Y]Ð
ŠðÆ!*i(„ŠZâVÆOñ!*™ŠZgzZâ-$ŠZg(„
ŠZyaZ™,XZ,ZbZzgeZË»g™,�ßÍVÆ´`Ã
:ÜsZCfg=çl¯NÉZk}.#ÖÃ„Š]ÆŠgz

J-àŠ,XZ‚E+{ZL	á¤/ŠzVÅZk§bF,šM™,
�z{ZL§V~'g]aZ™äÆ‚BZK̈yÌ!*¹
g�XZ‚E+{(ZŠZgY]Zzg»[½Ã—Ñ§]Zzg
„‚i~ÆgDyÐWgZ3™,

ZZZZ‚‚‚‚EEEE++++{{{{ÐÐÐÐççççÑÑÑÑ}}}}ÆÆÆÆ»»»»2222::::XXXX
â�Zy±ÅÃ@*„VZK(ÔzZ−+»³…»[½

Zzg(ZŠZgzVÅ{xVÌZK(1»g9~ÐzZh
ƒäÅzzÐZzģxzIÆZq-f)ŠZg£6,Ã,̂ƒä
Å¯Y6,Z‚E+{ZkdZy»Y,̂{BZzgpŠZKñVZzgÃ@*‘V
»ç™,XZ¤/Z‚E+{%zV)bZzgZò[zCÃÃZ0+Zi
™DƒñÜsZKÃ@*‘V»ðhZ‚ÌZŠZgu™BA$

ƒÇX GtZˆķxzIÅF,¹ÅY+$ªŠx
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����
+CÒ3þ
G

GÆËÌ%µÆ!*g}~9ZzgÇDƒ**
‚bÅ°pìÔZzgtÇDëÃx@})¸(ZzgŠ/
)D+',(ÐqÝƒ@*ìX´z{Zi,‚bÔ‚0ZâVÃ
6g™Cì�z{Zq-',F,ð»gÅÑiò¢zg]Ãt™}
ZzgZÏzzÐDÅZ‚ÛZözZ	á®)Â©ÅZÝAzÑÆ

�ƒãe’@*�Zv4yz¬\ÅÙ|#Zq-‡ŠgÇZzg
$hÿ
E

LZK̈ãÆW‡ÅwÐƒnX
‚bÅz{	ácì (Cosmology) Dˆ

T~»Ñ]Æ!*g}~åDqÝHY@*ìX‚b

ÅËZzg	ácÆ!*g}~ZÚ7,JZzg:–ŠHA�Dˆ
Æ!*g}~X»Ñ]»‚,̂Hì?ZkÅ‚|#Ô̂z
ßg]tì?H»Ñ]»z�Š%ËÑz¬]Æìc*t

Zq-özŠz‰Ü¬z�Š~Wð¶?ZkÆÑiòbH�?
w~ZkÆ‚BHƒÇ?±ø L§bÐâœ{Zzg@*!*ã

¬Uz�Š~Wñ?»Ñ]~âœ{ (Radiation) 

ZªV~0*c*Y@*ìX~Ð¼¹W‚yÏ̂
~)‰�(g}z){(Zzg¼Æ}z){XHtâœ{Z7
ZDw~z�Š~Wc*c*tâœ{ë{ßg]ÐW‚yßg]
~?Z[Z¤/ëtâyB�tâŠ{W‚yÏ̂~aZƒZÂZk
äZâë{̂YVZzgùZ(gÅ?âCÙˆŠZVZÏ§b
ÆÎZßVÆ�Z[Ôñ�Š{ƒCeZN*ÅæŠÐÔeð&+äÅ
ÃÒ™D�X

Zk*y~¬ë‚³Ãt»Ñ]Æ!*g}
~¿Uc™,ÐZzgZkÆŒ̂ÛWy»¦g»Ñ]7
™,ÐZzgt¥x™äÅÃÒ™,Ð�Wc*ZyÃc*]
~Ãð̃tì�7X

J]ñrþ³Š8

YÆŠzgZyÑày 2016 �Ûzg~Ô 20-21 %æELORÅŠzu~LLZgŠz‚b»ôöóó
Æ@*g]àZ¥/|~Âƒð¶XZk»ôö~7G‰£Ñ]‡gMJ-

æææækkkk,,,, àäÅ¾nÐ	áùGYgì�X

ŒÛWyZzg
+CÒ3þ
GE

GL»Ñ]ÆÃb
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]]]]....hhhh++++DDDDˆ̂̂̂ZZZZzzzzgggg»»»»ÑÑÑÑ]]]]ÆÆÆÆÃÃÃÃbbbb
Æˆ].h+DˆŠzz�;]Å¯6,'×h+ 1920 

~Z_^W&4k5é JEHM»¬xÃt 1 9 1 6  øuƒZXZzw
(Edwin ~âCÙƒ]Zi+ÌyT 1928 ZŸsXŠzì
Å "Red Shift" Æfg=Åˆ**xz.Š Hubble) 

Šgc*ÄX¹ic*Š{ÃA6,ñ�ŠKîVÐëÃ�gzÝ
ZÏgzÝÅ)©àS¤» Red-Shift zßwƒCì

**xìXt¹Y@*ì�¬xÃtZŸsä].h+Ãc*CD
ˆÅãCŠg¿²TÅŠgc*Ää].h+

( M o d e r n x@ZCDˆ
Observational Cosmology)

ÅŠZrâeZàXTÅZXŠÃëfs~
Òy™D�X

øgZÎg`ZzgÂxFZq-KV»
MìT~Îg`‰ŠkDÙZg™zh
*g}�øg~KVÆ´z{ZzgÌ¹
ÏKN�X~ÐCÙZq-~½ãŠkDÙZg™zh
*g}�XtKNøg~ZKKVÐ¹ic*Š{Ã,
6,�TÅzzÐtKN].h+F,+ŠzgÎÅ¯I¤/Z’

P6,ÜsZq-`Å§bÃWC�)Dƒ]~
Ã+VÃâg~‚w~**í�XgzÝZq-‚w~A
Ã,ð™CìZkÃâg~‚wë�XZq-âg~‚w½ã
ŠkÑÄ™zh³¢aÆ',Z',ƒ@*ì(XTäZyKîVÐ
qÝƒäzZàgzÝ»!*‡°ÏÐ‹tHZzgØÎc*�îÁ

~!*‡°{îgÐZŸ†ƒg; (Wave Length) ñ`

Åáµ (Spectral Line) ìX:˜VZq-…3§öG
E

â
ƒ**e’åÂTäØÎc*�tîwèñ` A îÁñ`Ã

Ô��áµîÁñ`~Ÿc*C z ìXlZg A(1+Z) 

BCìX Red Shift ZŸ†ìÔ
Tä'×h+¥xH�KVÅgzÝÎâ0+ƒÏZÚ

ƒÇXZ¤/â0+7,~gzÝÃÃA Red Shift „ic*Š{Zk»
D ÔÃA Z ÆÒpÐ¦g™,ÂTZkË6,(Að FX™�
Zq-H Ô² CZ=HD Æ‚B(,kìZzgt‡âyïÑ�

(Hubble's ìTÃTU*X (Constant) U*X
gzÝÅgëg C ë�Zzg Constant) 

Zzg (Doppler's Effect) ìXez&ÎæFZW,
EHÅ$»45½ø GEÆ¼ŸÆZEw™ÆT
»‡âyqgzfŝ~–YYìX

V = HD 

ú±0ÅgëgìX:ÎŠzg V ²
KVƒÏZkÆú±0ÅgëgZâ„
ic*Š{ƒÏX-VZ¤/‚g~KNëÐŠzg

Yg„�ÂHZk»Èì�ë»Ñ]Æ%œ/~�?
Zk»�Z[Ô~ìTÃëZq-W‚yÐŠ/ÐÒy
™Mh�XZq-½g{kZk6,¼(,}Ðy¯Š£X
âyk�tyKîVÃªCÙ™D�XZ[½g{~ƒZ
½	Ô‰‰½g{(,Z)@l(ƒ@*YñÇz,z,‚g}
yZq-Šzu}ÐŠzgƒD−YNÐX

½g}ÅR6,ñ�ŠÃðÌZq-»̀Š£x»Šúh+Zg
7ƒYOçZ¤/x@Ë{mKV6,ìÂz{x@{
™}Ç�ZkÅKVZzgŠzu~KîVÆŠgxyÃ,

J]ñrþ³Š8
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z‰ÜÆ‚B(,|g;ìX:x@}ÌƒËÌKV6,
ƒz{åZq-„Ë»x@{™}ÇZzgz{³ƒÇ�‚g~

KNZq-Šzu}ÐŠzg¸vg„�XZk»Ñ]~
ÃðÌx@ZqÐi~£x7g‚rìZzgŠg|7g~»Ñ]
’g„ìX

»»»»ÑÑÑÑ]]]]ÆÆÆÆZZZZ%%%%ääää
ˆŠZâVä»Ñ]ÆZ%ä7

G�ŒV6,ëZy~¼Æ!*g}~¿U
!*]™,Ð),ÆnŠBjZÑ]�

(XZyX%âV~ÔÎZñÃtqÅïGL 2 Zzg 1 

ÆZq-Gz£œu (Steady State Theory) áZiy
Zzg (Isotropic) ìZzgz{t�øg~»Ñ])z~ZÅg.ïG

ìXZk»Ètì�ë (Homogeneous) 7V
ª(Spatial) »Ñ]~ËÌ‚ŠB‚g~kã

Zq-Ü�Zzg‚g~»Ñ]~âœ{7Vîg6,ñ�ŠìZk
ë (Cosmological Principle) Gz£Ã454-ö

XJGG
Zßw

(Per fec t �X²ÃtqÅïGLáZiy»ï454-ö
XGJG

Zßw
6,FFì�Hì�CÙZq- Cosmological Principle) 

6,»Ñ]Zq-Ü„Š3ð (Cosmic Time) ÃZÏz‰Ü
ŠîìXtZßw»Ñ]Å̂zßg]Å7+MÅÇg‹:
ÜskyÉiây~ÌŠêìX

--------KKKKââââeeeewwww::::XXXX
~Ãc*CˆŠZV 1920 ẑš-ö

G»Ñ]Æ¦gÐI
W&4k5é JEHíÅ)zZ]»iï%~Ñƒñ¸XW&4k5é JEHí

ä&+Z]pŠZy)zZ]»454-ö
XGJGiZkZy~ïÑ�ZkÆ

fg=Ð»Ñ]Å
+CÒ3þ
G

GÆ!*g}~W‚ã}4¥â]
qÝƒVXW&4k5é JEHíÆfg=Šc*ŠH»Ñ]»tâew)%:(

Zzgâœ{)�� (Curvature) kyÅpÏ
kã~ñ�Šì(ÅÑÄÆŠgxyÆ

mÃC@*ìXZzg¸ŠgZÝ¬xÃtZŸs
»%œ/~ìwì�kyziâVÅæ¢a~
Zzg„âœ{»W:~mìXW&4k5é JEHíÆ
âew~âœ{Âì1%w•ÆXˆZiZV

ä»Ñ]»ŠzuZW‚y (Desitter) e~7
åpZk~zÝZzg% (Empty) âew7H��{à

(Force âœ{Æw•¶XZyŠzâV%âV~Zq-¸]ŠZ«
J-�Ûi+ây 1 9 2 2  ñ�Š¶X o f  R e p u l s u i n )  

ä¸‹ŠZ«Ã	áïG%W&4k5é JEHíÅ (Friedmann) 

)zZ]»ẑš-ö
G454-ö

XGJGiïÑQZkÆˆÐÂ¹Ðï
ŠZâVä�Ûi+âyÆâew6,{§pZ{»xHX

ät (George Gamow) ~Yg`²-)é
Y

Gî 1940 

ÃtŠc*�»Ñ]ÅaZöZq-xŠ}ÆÐƒðZzgt�Zk
xŠ}ÆÆˆÆZ’Zð%Zi~ŠgzwZg]¹ic*Š{
åXZk»Ñ]ÅðÆP„œ~Z’ZðfgZ]z�Š~
WñX�»Ñ]Zk§bÐz�Š~WðZkÃxZ$§Cé

EE
Eg»Ñ]

ë�ZzgtŠg`fs~Òy (Big bang Universe) 

ÅˆìX
²å(Zq- t=0 Zq-özŠz‰Ü¬)ây1�z{z‰Ü

œåZ#t»Ñ]Zq-`Ðkq-z�Š~WˆXZkœ6,

J]ñrþ³Š8

ððððÆÆÆÆzzzz̧̧̧̧qqqqÆÆÆÆˆ̂̂̂ÐÐÐÐ
AAAAzzzz‰‰‰‰ÜÜÜÜ¦¦¦¦////ggggZZZZììììzzzz{{{{»»»»ÑÑÑÑ]]]]ÅÅÅÅ
////BBBB@@@@****ììììZZZZzzzzggggññññ����ŠŠŠŠ{{{{ƒƒƒƒCCCC
ZZZZ°°°°ZZZZŠŠŠŠzzzzÑÑÑÑggggÆÆÆÆˆ̂̂̂[[[[ÐÐÐÐtttt
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6,(Óxâœ{Š}Æ»m¹ic*Š{gëgÆ‚B t=o )ª
(Event of creation) Ãëð»z̧· t=0 e{ƒŠHœ

™Mh�XZkœÐ¬:ÂÃð»Ñ]¶Ô:Ãðx@Zzg
:„Ãð¢C‡âyX

:å¼Â}.Zå¼:ƒ@*Â}.Zƒ@*
ðÆz̧qÆˆÐAz‰Ü¦/gZìz{»Ñ]Å

/B@*ìZzgñ�Š{ƒCZ°ZŠzÑgÆˆ[Ðt½ãaŠ{
Zg[‚wìX

(Singular) tŒY@*ìð»z̧·Zq-)©à
§jÐ7Wc*ƒÇXªZkœ6,ÔZŸs
Å)zZ]Ôc*ËÌ¢CÃtÅ)zZ]
ZLpÅŠî�Zzg¸zzì�ZkxÅ

Æt=0 ‚³î]e„7�XZ%
¯gUˆHƒZZkÆmÐ‚0ZâVä

¹ic*Š{»xHìXZ’ZðfgZ]
Åð (Elementary Particles) 

²Æ t=10-43 Ðt=0 ²6,ÑzqƒðX t=10-43 

ë (Plansk's Length) ŠgxyÆÃAÃîÁ&Ó45ë FGE

Æ¯gUˆ)ªÑz¬C»Ñ]( t=0 �XtŒY@*ìX
»Ñ]~âœ{ÆOñ¹ic*Š{”]zZà@*!*ã¶X
»Ñ]ÆÌÅzzÐ@*!*ãÅ”]Ôâœ{ÅÑÄÆ
£«~Ô!~ÐÁƒðX:Ñz¬CŠzg~»Ñ]~
@*!*ã»„å²»Ñ]Æñ�ŠŠzg~âœ{»„ìXaè
Ñz¬C»Ñ]ws@*!*ãÐ½~ƒð¶ÂZk»Èt�

(Background Microwave Zq-æî:©yŠ¥z@*!*ã

��xŠ}ÆÅ!*ª]ªYCìÔZkz‰Ü Radiation) 

Ìñ�Šƒãe’Zzg|t�ZSbÅ@*!*ãñ�Šì
ZzgzÔ (Penzias) TÃZ%kÅâÉ43ðGEgñ~Æàic*k

~Š/Æfg=eð&+ïÑXZk@*!*ã 1965 ä(Wilson) 

�Zzg¸z{lZg¶TÃ (3 Kelvin) 3k »ŠgzwZg]
Ãc*CˆŠZâVä¥xHåX:àic*kZzgzÔÆ
Š"äÃ›Z$§Cé

EE
EgÃŠ!*Cîg6,U*"$HZzgZk¯6,ZyŠzâV

»â.ÞZÅx',Zñ¢]5X 1965 ‚0ZâVÃ
ËÌ‚³ÃbÃZkz‰ÜJ-|t7HY@*

Z#J-z{Š"ÅãK6,7gZ:ZF,}Zzg‚0ZâV»'×Z`
ƒ@*ì�z{Zq-„Š"Ðt7ƒD
OçÃtZ$§Cé

EE
EgÅQÐ¤&™äÆn

ÆŠzgZyZq-Š/HŠH 2010 Ð2003 

Wi lk in s o n  mic ro w a ve ��
Zzg Anisotropy Probe (WMAP) 

B@*ì)zÉ»4jè
EE E x p l o r e r  8 0  

‚0ZâVÅZkš»u',Z{å�ZkŠ"
Ða~¶(XtZq-Üð˜iƒ@*ì��7g}W�y~

Cosmic Microwave Background “ƒñ
ZzgxŠ}ÆÅ!*¹â0+{@*!*ãÆŠgxyÆ Radiation 

ŠgzwZg]Æ�ÛtÃ¥x™@*ìX:ÃtZ$§Cé
EE

EgÅ¤&
Šz!*g{Ìƒ̂ZzgZ[ëT»Ñ]~gT�ZkÅ

+CÒ3þ
G

G:
ÜsZq-Š}ÆÐƒðÉz{x’Ìg„ìX

xŠ}ÆÐÑzqƒäzZáZzgÌ»ÑCâew
�X

)Yg~(

J]ñrþ³Š8
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EEEEEEEE
EEEEggggÃÃÃÃŠŠŠŠ!!!!****CCCCîîîîgggg6666,,,,UUUU****""""$$$$
HHHHZZZZzzzzggggZZZZkkkk¯̄̄̄6666,,,,ZZZZyyyyŠŠŠŠzzzzââââVVVV

»»»»ââââ....ÞÞÞÞ 1965 ‚‚‚‚0000ZZZZââââVVVVÃÃÃÃ
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ŠŠŠŠzzzzuuuu~~~~‚‚‚‚³³³³îîîî
YJ-yz*yäZq-x‚³Š/Ç{ 1985 

Z†ge6,¯à¶@*�z;VÅ‚³¥â]qÝƒC
g�XÓ#ÖyÆ%d~F,ª]äZ†geÅ«
ZzgŠzu~î»ZOxHåXŠ~î»ÌZOxZÏ%
Æf)åXƒÐZë»xZkˆÆ‚ttå�
Z†geZzgyz*y~%ZsCŸ',Z{gZ„ù‡ì

HYñ?ŠzuZ(,ZXˆÆ‚ttå�Z†ge~
WÑ]Zzg‚³‚âyZzg½ZùZâic*Š{ôpîg6,Z\
™Š~Yñ@*�WäzZà‚³Š/ÇƒVÃic*Š{Ð
ic*Š{W‚*VaZƒYNX

Šzu~îÆu',Z{eZËz~Ægb

)eZ],ËæßŠuz}WsZ&+c*(ä{m_545Õä GHGV$WzZi
ÆWÑ]Z†ge6,Zk¾nÐ·G@̧*�ZyÐ
cZzgñÌÆ!*g}~¥â]�ÛZëƒCg�XeZË
gbäWwZ&+c*gi+-Ã_545Õä GHGV$8¯yÆfg=Cc*��
‚âyZzg‚³Wáz{ZL‚Bá™Wñ¸ZyÃ

(Basc Camp) LL7ßuÀóó˜iÐZ@*g™äH

~áYc*ŠHZzg‚g}šÆMZyÚ~Ð»x™ä
ÑX

Ã',ZW6, 1982 Šc28 Z†geÅŠzu~î
âZzgz;VÆ',¬zk,Zä~Šzâ{J-g„ZzgZ
‚³Š!*]™Cg„X«îä�‚âyZzg‚³

WÑ]z;Vgh}¸z{åîgÐ»x™gì¸Zzg

J]ñrþ³Š8

(29 )mX øg~»Ñ]‚bÅgzÝ~

6,zWZDw[Z−+Ô÷|

Z†geÆ',¬zk,Zä~yz*ã‚³î
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ƒ‚âyôpåTÐŠzu~îä7gZÃZ+{ZVc*X
Z#tîZ†ge6,ZF,~ÂàÍNäZy»ZLwHX

Šc28 u',Z{îäCc*�Z#Zy»˜iLL7°uÀóó
YÃZ†geÆ4,Šq-Vg;åÂ(,}(,}',s 1982 

³¢aÆuzŠZg,~ 10 ÆÂŠ}Zzge�½ã
“ƒñ¸Ô˜iÆ4,Šq-WDgìXLL7°uÀóóZy

YÃV 1982 Šc28 ÅiŠÐÇX@*!*syZ†ge6,
ŠHXeZËgbäCc*�6ÍíÔ−ZzgŠŠzu}Yâg�
Z†ge~0*ñYD�z{ic*Š{F,Zq-{mnÅT

ë�3™i0+{gT�X™wZk (Krill) &™w
Šgic*Š{lZg~Z†geÆ«gzV~0*ðYC��

�H™wZ†geÐŠzu}˜´~ 40 CÙ‚w
ÈY$Ë��ZK̈ã½ZÆîg6,ZEw~ÑðY$Ë
�XZâic*Š{lZg~™wñäÆ!*z�Š™wÅ
aZzZg~Ãð¶7ƒÏX

Šzu~yz*ã‚³î»Ñtå�ic*Š{ßÍVÃ
ic*Š{ŠâVJ-',¬gŠy~gÄ™Zy6,z;VÅc»

Ã�îZ†ge 1981 Šc6 gáLO¿Š¬YñX«!*g
MZy 28 MZy¸²Zk!*g 21 ˆ¶Zk~

¸X«îz;VŠkgzig„¶ÔpŠzu~îÃŠzâ{»
²-z;V¦/Zg**7,ZXZk§bñÌÔ',sÔ³Z**Czm@*C
i0+ÏÔ"âVÅYõz%äZop™äÐá™»°
(,}´ºÅ7g~eö™äÔƒZð÷¯äÔW[zƒZ

J]ñrþ³Š8
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Šg`™äÆWÑ]·™äÔë!*ggh}‰
WÑ]ÑäZzg',s„',s~Šz¹¦/ZgäÐŸ6,
7,äzZáZW,Z]ŠÚJ-Óx»xŠzu~‚³îÆ

MZyäZ�xŠñX
«îÆMZyñÌŠÚÆ�WÑ]LLŠ̈

{qF,~óó~Î™ghWñ¸ZyǼ4h4ï GGH½`¸X
Ãïw™Šzu}́4h4ï GGHÎñ (Casset) Zḱ4h4ï GGH

ÌHŠH@*� (Re-charge) ‰XZÐg+Cé GFg`
7g}‚wJ-z;VÅW[zƒZ~ƒäzZàp=VÃz{
gkge™@*gìXŠzu~îÅƒÐ(,~ZÌtì�
z{ßvZq-x‚³Š/Ç{Å(»ç™Wñ¸Zzg
WJ¢a1g8-™Æ((Å"âVÆ%äz{ßvZL
‚BáWñ@̧*�Zy»-‹tHYnXZq-å™
ÌZyßÍVä»gÅ¶ÔTÐtê™ä~W‚ã
ƒð�Z†ge~x‚³Š/Ç{ÅYñz̧q¹V
ƒ?"âVÆ%âVÆ´z{ßv™zhzV‚w¬Æ
',sÆ%äÌÑñ¸Ô�…ZyŠâVÅ¹ãCD
�ÔZ#WŠò»Zki}6,**xz¶KyJ-:åXZ†g<
~ôzV¢aÅ�Zð~¹6,ZãƒZÆ"Ñgé¦
�ÔXÐi}ÅcðªZzgŠgC@*gõÆF
-}ÁÃÐX

yz*yÅŠzu~îäÌFZëŠ!*]GZzg
–wu',Z{îeZËz~ÆgbLLZ†geZq-Zâ¿Š/Ç{
ìÔYèŒVÜx¹Zzg}7QXóóŠ*½Æ

‚0ZVZ†ge~Š/™gì�XZk 1200 ½ã

B£ÃÒ»³$¨45é GG
GES¹ÆƒÇZzg‚³DÃF,¹Š¶

~ZæZ›!*bå!i›ÿ
I

LgZ{Š3CgìÏXçÙîgÐ
Š*Æ‚g}̃´nƒVÐZzg‚B~yz*y
ÃÌZkÐÃZ+{ãÇX™wTÐ"uçÙÃZ+{
ãÇZzgŠ*Å½Zðßg]qwÃ4¯ä~™w¹
ZëgzwZŠZ™}ÏX

Z†geÅŠzu~‚³îÆ**T$u',Z{eZËÑ~
ŠOäñÌÅ¥â]ÆZzgŠg<î E0wZg]Æ�Ö(,"
Å¥â]™äÆnZq-gN*‚Š!*CZø‡ì
™Šc*åXŠzu}”VÐñÌÅ!*g!*g�̧,íƒg„
‰Zy»ÌgkgeeZËÑ~ŠOÆ0*kåX¯`Æ
eZË	á,~ä',sÅŠgZhzV6,ZLŠ!*]GX

ÐØ−Ç�ZyŠgZhzVÐhWzZicÃùZzgX
OW,™CìXZkŠ/ÐøD~WäzZáîÃyÃ

KZzgZyÅ−Íð™ä~æŠAÏXZrVä
"âV~n*]»ØÎä»ÌŠ/HXZ†geÆ

¢a�ZðJ-Šg<î E0wZg]Ì**0*ŠHÔT 418 0*ã~
ÐŠVÆ0*ñYäÅ�Zð»ÌDqÝƒZX

Z†ge~ïFæÃÌ**L»Š/HŠHX
eZËßekäïFæÃ**L»ÚZZVc*åXt
ïFæÅÉ‚g~i}6,ƒCìÔpZ†ge
~t
3ÑCÓ4è
XFG¹„ic*Š{�XZyÅzzÐgi+-%Zs]
»ŸI^Y@*ìXZk§bZ†ge~�ßvŠ!*C

J]ñrþ³Š8
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Z°V6,gT�Zy»‰Zz‡]ZLoÐc*
Šzu}”VÐgi+c*ðØzVÆfg=gZ‚»ƒY@*

ìXeZËßekä{mîg6,ZyZgèïF3ÑCÒð
XFV»

Š/H@*�t¥xƒn�ZyïF3ÑCÒð
XFVÅg»z^

gi+c*ð%Zs]6,:7,}Zzgz;Vg�zZßV»gZ‚
åZLoÐc*Šzu}”VÐ‡ìg{nX
Zk%ûäH»**xLLŠ̈{qF,~äHóóg3
ŠHXZÏ§bŠ̈{qF,~Zi+zZ÷HZzgŠ̈{qF,~

³¢aŠzg 100 g^aÆ**xÌgÇ‰Xz;VÐ
ÅTNh~ÃŠ̈{qF,~»**xŠc*ŠHåZkÆ0*kÅ
Zq-Nh~ÃZkÅ^Æ_.LLì#óó**xŠc*ŠHX
Zk(»‹tHŠH@*�t¥xƒn�t(x‚³

Š/Ç{Æ‡ì™äÆnoƒìc*7X
‚0ZâVätŠ¬�Š̈{qF,~Zq-LL?óó

ìÔT6,Zq-§s',s[ìÂZkÆ (Cliff) 

³¢aDÛ0ˆ 12-10 ×ZÐŠzu~§sÃð
ìXªxZøZ¤/z;V¯Šc*Yñ˜VWŠòg{Ã
ZzgŠ!*]™Dg�Âz;VîÆnCÙ!*gV»ð

ÐÛÃ0*g™ÆY**7,}ÇXZknt(oƒ7
ªˆXŠzu~îÆMZyäŠzu~(ˆlÅ˜V

Zq-x‚³Š/Ç{¯ðYnX
³¢aWÐ)äH 60 Š̈{qF,~Ð½ã

³¢aŠzg(Šzu~îÆMZyZq-(,~ 200 Ð

Nh~6,‰T»**xZrVäLLóNzwå.$âî.$óó
g3XŠzgÐtNh!*ÇøDÅ§b„”¸XtNh

³ 100 ³¢aah}ƒVÐZzg½ã 30-40 Ãð
¢aJ-“ƒVÐX

',s6,ƒZð÷¯**ÃðÂ»x7ìXZq-Â˜i
Ã]Í-

÷ GE6,„C™**7,@*ìÃV6,7ƒZð÷ÜsƒZ»
gcŠN™¯ãƒCìZzgðh~',sÅYõ7,@*w™ã
ƒCì�z{JƒX¬xîg6,Z†ge~ƒZ»¥cæt
Ðf[Å‚ƒ@*ìXÅ<å XEZQÏ¥c6,Šzu~yz*ã
‚³îäƒZð÷¯Š~X

Šzu~îÆ**T$u',Z{eZËÑ~ŠOäñÌÅ
¥â]Åf)ŠZg~ZLZz6,àXZrVäc~(,}
(,}’Æ½g}Ìgh}T~ñŠWÑ]Ñ
ƒñ¸�',Z',Zz™ðÐñÌÆgŠz$+wZzgîÃy
Wäc*:WäÅ¸,Š}gì¸XWÑ]ñÌÆŠgz
wZg]ÔŠ!*îÔƒZÅgëgÔ‚ZzgZzizy»',Z',DÅà
gì¸XJQuZzg',sÅeŠgzV~y}ƒñ
tŠzu~îÆMZyH„Æ‚BZL»x~'w
¸X

Šzu~yz*ã‚³îZ#Z†geâÂñÌ
ÇåXMZyšä‚gZ‚iz‚âyLL7°uÀóó˜iÐ
Z@*g™V»ðÆfg=äHJ-àc*XšÆMZyä
ï™ZLg�Zzg‚âyzWÑ]ÆgppÆnLL?Øóó
¯N�îÃyÆi',Š„/zVÅ@*[:ÑmZzgZk

J]ñrŠ8
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Å¿QhˆXîÃyZÚ!å�¹ÂÐZLW\
ÃX0*ñzg:FßvÂZh‰ƒDX

îÃãZzg',ÃãƒZNxîg6,‚³Š!*]
™ä~g»z^7™g„‰Ô1CÙ‚0ZV%z‰Ü

V~ ŸùGƒñZzg%ÎñƒñZLZL»ñ
Ñƒñ¸XaèZ†ge~b¹J-gZ]Zzgb¹Šy
ƒ@*ìÔÅ<å XEZøg}‚0ZâVÃŠy„Šy»‚o™**7,ZX

Z#ZyÃÈu@z{3feZzgZ#ZyÃ’WCÎfeXZk
§bÆ©Ñ]~p~Ì»°6,.yÁg„X

Z†geÆ',¬zk,Zä~øg}‚0ZâVÃL
LZLyZzgç~ac*ŠWD¸XZyÐgZ‚‡ì™ä
ÆnLL7°uÀóó˜i~Üð¯yÑƒñ¸XeZËÑ~
ŠOäZLç~”VÐÜð¯yÆfg=!*]ÅXZy»I
å�”VÅWzZiÍ™Z7Zâic*Š{pÙƒð�ZÖpZkœÃ
Òy7™MhXÜð¯yÃeZb™ä»§itå�¬Ãe

ÃeZb™Æyz*yÆËà»Ãe�eZbH 0091 �

Y@*åXZkÆẐLy»¯y�eZb™ä6,ZL{0+Zy
Ð!*]ƒYC¶X‚b»t»g**)�DÙZgzV zZßV
éŠzg',sÆzk,Zä~@zËÆ‚0ZVÜð
yÆfg=ËÌz‰ÜZL³m,zVÐ!*]™MhÔ̧ ¯
zZªt¹ÀZ0‚³™Ö7ÂZzgHì?

Zyƒ6,.EVÐŠ„z¤/âVƒDƒñ
Šzu~yz*ãîÆ‚0ZVZ†geì™ÆZzgZLu

WñXZrV ~»x!qÝ™ÆŠzâ{ˆyz*yzZ:
ä�‚³Š!*]z;VGÔz;VÅ"âVÆZzg',sÆ
%äÑñÔñÌÅªÐ0�Z°ZŠzÑgZL‚B
ÑñZyÆ'×h+‚³‹tÐw~yz*yÃi',
Š„‚³ZzgçÙÃZ+{ãÇXŠzu~îäz{(Ìˆl
™à˜Vyz*y»x‚³Š/Ç{Zø‡ìHŠHÔ
T~yz*ã‚0ZâVÅZq-šxîg6,gìÏZzg
Š!*]™CgìÏX)Yg~(

J]ñrŠ8
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Gg~Ât**xËìúg]»4ìÔ1ì7XW\
~ÐXÃD6ÐŠpìz{™YNÐ�t

Ê-�ö
LG

Rx
»Ãc*´#ÖìXZkŠJ]ÅŠgc*ÄÃÂ (Lithium) 

Z[Ãð7äŠzÎ‚wƒ‰1ZkÅZÌ
~Ãð¶7WðX].h+SßY~tZK(
¯ñƒñìXn*]ÆâCÙ+ë�
�z{Z[Ì

Ê-�ö
G

ZxÆ!*g}~7g~§b
Ð7Y…1ZkÆwÃgz×â…
�XwÐ¬Zk»âèŠBÂt

Y~Îi+y~Zq- 1817 ÃW@*ì�
ZKŠ/ (Arvfedson) 6ŠZVWg7Í

Ç{~»x™g;ìXFŠyÐz{Zq-ŠJ]
»‹t™ä~ÎƒZì� (Petallites) Å9Ÿ543ð FFHGV

Z6uƒxÆŒÛd$ÅZq-»yÐïàˆ�X!*g!*gYi
Æ!*z�ŠZÐCÙ%ût4ì�ZknyÆF,0ÌÁÜ»

‚~¹V¸T$ 4 ‚~„À_ìWyz{ 96 öZy'
ƒY@*ì?}Z(Â7ì�ZkŠJ]~ÃðZ(Kì
�ZÌJ-‚bÆD~7Wc*XWg7ÍäQF%û

YõÅpZ[ZÐ¢ƒŠH�ZkäZq-
ŠJ]Šgc*Ä™àìX (Alkali) 5Rẃ

D6Ã²[›âVä6,zZymJc*X
ZrVäâœ}ÅZ+nŠgc*ÄÅ�!Z1V
»ZW,iZb™ŠîìZzg0*ãÐï™»8
ÎeZÔa**c*ZÏn»%“¯CìZk»**x
ZrVäZw¡Ðö

GLg3X²1VÐ6»DZ#
-g\zZßVÃ5Ât**xRw´ƒŠHXgzÏ

Æ(Mendelev) ‚0ZV!5å LE}³
(Periodic àÒWÃt6z~ÁÜÆeg^c-eu×

«ny (Li) ~ŠJÂVÆ¤/z{~
Ê-�ö

G
Zx Table) 

ìX7N*ôZzgÎe*�ZkŠJ]ÆŒÛRgºŠZg�«
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ZâY~ (Organic) %û»g0zZàc***xCªWgµ45ë
Y

GE

0*ñ‰¸1tKaèŠJ]~Šgc*ÄƒZZkn
Wg7ÍäZk»**x

Ê-�ö
G

ZxgÄŠc*X-**ãi!*y~Ê-�ð
GkÔßÃ

ë�X

¼ŠyŴg7ÍäŠzu~ŠJÂV~Ì
Ê-�ö

G
Zx»

KŠgc*ÄHXÎi+yÆZq-Zzg‚0ZV',i~àRk
äZkKÃ0*ãÆ¼ZV~Ì0*c*X (Berzelius) 

FZVÅ=q»gZi¸ì�Zy~¼nãZbZZ,
ƒD��ZK̈ã¡ÆnÆƒD�

Ê-�ö
G

ZxÆ#

ŠŠŠŠJJJJÂÂÂÂVVVVÅÅÅÅŠŠŠŠ****
WŠòZLZg»ZzgZKi0+ÏÅ›zúÅ@*gõ~ÑÅV‚wJ-ßÆ•zVÐ»x©8g;X¸ZkÆ¾*.çGME¸Zk
Æe¸9¡ç FN}¸XpTŠyÐZkä@*ÆÔ',ôZzgßì»ZEw5ÔZkÅF,¹ÃÂ‰%æFMµ‰X¹VÑÅV',k
Ã}ÅgëgZzg¹VPDÙZg‚w~tYz{YXZq-ŠxƒZ~ÂŠzuZÜ~XZzgZk²á~�ŠJ'c*çšyQkä
Šgc*ÄXZrVäWŠòÅ}.#Ö(,~zÃŠZg~ÐÅìX(,~(,~�Zzg»g{äÎäZzgŠg]Æ|ƒñgZi
eð&+ä~åZkÅÝxµg„Xn*]ÅtÐz¾d$Š*(,~ŠNZzgg8-',�ìX@*ÆÔÎäÔe0+~Ô”Zzg
ßìÅ@*gõÂDÙZgzV‚w%æFNZãƒÏ1¼ŠJÂVÅŠgc*ÄÃ'ZÌ,k‚w„ƒñƒVÐX

ŠJÂVÅS:]¸-$¸-$Å�X}Šg<î E0wZg]Z¤/r«ç LEÐÌnìA$Ì0*g{ß7ƒ@*X"5½h4è
HEYHE

H'×}ÐË (Lithium) ÂxD#VÅ!Ð!Wõ~ÌHWw�£YñX
Ê-�ö
LG

Rx (Tungsten) 

Šg|#Å#-ö FGOÅ§b0*ã6,¾CìYèZLziy~z{0*ãÐWŠSÑƒCìZknZ¤/ez¯ÌeìÂe7XZk
Zâ¸g~ƒCì�Z#J-Zq-ß0*ãÅµJ-ãtz;V¬„ÐYÆ4YC (Osmium) Æ',@WŠRx

»'×Z`tì�',¹gzÐ
²Ÿè
Y

LE (Titanium) ìXe0+~(,~pÙÐZLW\~ÐðÃ¦/gYäŠîì1K�Rx
kHÁ™ŠîìXß;Â].OŠ¶QŠO„Š3ðŠêì1j@Rx 300 3CìXz{e0+~Æ£«~SkÆ¦/gäÃ

Š*~ZâÁlZg~Šø7[ì�ZkÅµðÂ'7~7X-VÉ�{Øj@Zx»Zq-fg{Zã„ (Holmium) 

ÎäÆziyÐZq-DÙZgkHic*Š{7»ƒ@*ìX
pZyçŠy~H„�ÛtYV:ƒZq-!*]ƒ~œuì�tƒŠJ'Zq-„{0+ZyÐmgBb

�XZyÅŠgc*ÄÔS:]ZzgZyÆZEwÆ!*g}~�!*'‚0ZâVä…CNz{ª]Z0Ì�Zzg
ŠNÌXZL¤/Šz7ÅŠ*Æ!*g}~Y'ZzgZk~Šp¢8Zq-ZK̈yÅwÐW\»hÌìZzg�ÛnÌX
Šg]äHH?«Å�ÔZy»DZzgZyÐZ.Š{ZK̈ãF,¹»ŠzuZ**xìXœZzĝlÑoìZzgZLg[Ç

ÐŒÛ"$Zk»ZÅxìX

‰^ñß‹Ò1�Û^…æ7‰1
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ZyZV~.äzZßVÃÃZ+{™D�Ô‰›ÐŒÛd$
Šḡg~~¤/x0*ãÆZ,`�X~nQÆZbZ

Y~̀ð 1855 ��7Óå EL~Z%ZnÃZY™D�X
Zzg',¤â~âCÙ…3š5é EG]â¶Í (Bensen) 6ŠZV&4jè EEE

äZLZL”V~ZµZµŠ"G (Matheson) 

Æfg=
Ê-�ö

G
ZxÆ (Electrolysis) ZzgZ¼zÑðbø L

#)
Ê-�ö

G
Zx³gZ[+(Ãï%~»x[ƒñX

Ê-�ö
G

ZxÅt
^3,xÔCe0+~Ü¶Zzg0*ãÐZk»ziyWŠJåXZ[
J-ÎŠJ'Šgc*Äƒð�Zy~

Ê-�ö
G

RxÆ¯6»
kH5 �Z[7XqÑèZ>4ÌÑŠJ]ì1

Ê-�ö
G

ZxÐ
e:kH (Osmium) ¸g~ìXß;Gg{kHZzgZŠRx

ic*Š{¸g~ìX
#}ÆŠgzwZg]~ÌƒZÅ**>zXZzgWx

Æ‚B
Ê-�ö

G
Zx»6z~¿¹¢ƒ@*ìXZ¤/ZkŠJ]»

Zq-•ZËZ,jÆ',@~gÄŠ,TÆì6,jÅ
eZ^ÐƒÂ

Ê-�ö
G

Zx',@Å‚g~ƒZ_.[™ÆZk~Z(i',
Š„ÜYaZ™Šîì�eZ^!*CÙÆƒZÆŠ!*îÅzzÐ
1LÞÆì~Zk§bŠ[YCì�ïÜÂƒ@*ìXZk
n
Ê-�ö

G
Zx»Ë(ǵÌZq-XìXÎe*ŠJ]ÂWgZx

ÐèÆ%c*ðzw~7,~gSìp
Ê-�ö

G
RxÑƒäÅ

zzÐZz6,WYCìZzgR6,W™W@ìXZk6z~¿Ã
gz1Æn

Ê-�ö
G

ZxÅ&45é EGOGV¯™Q7zöA
c*cZ@~	™g3Y@*ìX (Vaseline) 

tnyÎ¢~Wxc***>zXÐïYCìZk
Ðic*Š{!~Æ‚B;àgzXÐèz]ƒYCìXZk

Æ(Volume) ÅZq-gKÏlZg’Æ¹ic*Š{w
‚Bï™

Ê-�ö
G

Zx;àgZV$¯CìªZq-³¤/Zx
Ê-�ö

G
Zx

{’ƒCìX¦/¸kBx~ 2800 ;àgZV$~
Z%OƒZ!*izVÃ

Ê-�ö
G

Zx;àgZV$ÅÍ1VŠ~YC‰�Z¤/
ƒZð˜i0*ã~¤/}ÂZyÍCVÅ;àgzXZEwÅ
YnXtÍ1VZq-%û0*ãÐ!ø MƒYNÂ¯gUZK’
ghŠî��Ñ̀1^ÔÑ̀�c*ZÏ§bÅi0+Ï
XäzZàZâY~½YCìZzgWŠòÃR6,gBbìXtW

Š¶zZá½gzV~Ì½~YCì�c~—ƒ™W

ŸMh�X
Ê-�ö

G
ZxÆ%·]~0*ã_.[™äÅÌ(,~

&¢AƒCìXZkS¤ÅzzÐZy»ZEwW$+zi
¯VÔƒZð˜izVZzgZJ,xVÆZ0+gƒZ™s™ä
Ænƒ@*ìXQ»ñV~ZkÆZEwÅÃÒ«
%û*¸œ~ÆW¸i~ƒðXZkÐ¬

Ê-�ö
G

Zx[Æ
YÅkB~̀*Ã 1914 %nÅŠzZîV~„»xWC¶X

ZKØVÆn”Å(,~¢zg]¶1”ï%Æn
{xñZŠ̀*~7åÔZkn‚0ZVZk»ÌZ^wˆl
™äÑ�ZyÃ

Ê-�ö
G

ZxÅßg]~ïŠHX
Ê-�ö

G
ZxZzgi

(Bahn Metal) Å5z^&LL!*yŠJ]óó (Lead) 

ë�g¥/c*íÆÜsZq-ZhgzuìXZ[
Ê-�ö

G
Zx

Æ‚BZ>4ÔÛ~ZxÔ@*ÆÔ8o/õ EGZzge0+~Æ66
Wö}¯ñY`�XZq-Šzu~ŠJ]©ÙRx

‰^ñß‹Ò1�Û^…æ7‰1
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Æ‚BÌZk»Wö{¹»gWæU*"$ (Magnesium) 

ƒZìX
Ê-�ö
LG

Rx»¯g~gáLO¿ÔÁŠg<î E0wZg]6,áZzgŠzu}
ÁÜÆ%·]Æ‚Bï™Ì−gxZkÅZ+S:]
�XÐtŠJ]Zq-¹Zh’#³ª’»ZW,

ZzgW‚[+Æ“WÆ¿Ã (Degasser) iZb™äzZà
U*"$ƒðìXWx’» (Deoxidiser) gz1zZà

ËZzgKÆ‚Bï™�%“áCìÔZkÃW‚[+ë
�X}ß;WxÆ‚BAÂW],yW‚[+0Y@*ìX
t¿‰ÌB@*ìXW6Zzg)W6ŠJ'¯ä~ZzgZyÃ

Z§bÐeJ%z){Æ®LLwÐÇæ MYóó
~Zy%·]~lZg]äZzg(,Jä (Metallurgy) 

c*ZyÅßg'$+%~
Ê-�ö

G
Zx¹æŠ™CìX}Z>4

Å§b (Catalyst) ¯ä~
Ê-�ö

G
ZxÃZq-´45é GHÅiï LH

ZEwHY@*ìXÓÏ¬ï)´45é GH¨(z{ÚƒCì�Ë
6z~¿~Ñq-ƒÂZkÃ!F,™Šîì1Zk¿Æ
ŠzgZypŠps7ƒCz+„gSìX

Z[
Ê-�ö

G
ZxZ:góš-V~ÌZEwƒCìX

ðh~lZg~
Ê-�ö

G
Zx;àgzW‚[+5äÐš~Å/&

e¤/~ÐÌiZZ+ƒYñ 40 kH(,|YCìXŠg<î E0wZg]
ÐnYñÂß7 20 Âš~eCg`7ƒCZzg

ƒCXŠg<î E0wZg]¹ZƒYNA$Ì
Ê-�ö

G
ZxÆ»gµ

%“ZK8S:]',ŒÛZggnp�XZÏzzÐ0VÃ
¯ä~Zy»ZEwƒ@* (Grease) =ƒgppzZà¤/ö

ìX
Ê-�ö

G
ZxzZà=ƒðZ[W!˜izVÆZ<VZzgŠv

%æFNizV~ÎðYCì�̈)ÚÑàz†!(Æ´̧V
~WDYD�˜VŠg<î E0wZg]#ÐÀ˜‚Je¤/~
ngLìX

Ê-�ö
G

Zx=ƒðñR,»gzVZzgqVz){ÆnÌ
¹½zNqìX»gÆ‰g¥/3äzZá8{ð OV6,tZq-
%ûÎŠ~YñÂZ#J-»gÅi0+ÏìŠz!*g{ÎäÅ
¢zg]77,CX

ZLÃÎZòZzg-ÏìzZáZÒh3™ŠîD�
‰Â7gZ†kZk§bçYD�‰W°æ N'ç N}3gì
ƒVXëW\Yy1ú™Â73DpZq-Z0+Zi}Æ
_.¤/x¤/xeñÆCÙ†kÆ‚BZq-¤/Zx»DÙZgzZV
zh¢zg8YD�Yè]Å§b:8ÔQÌh

0*ã~˜gLìXph¯Dz‰ÜZk~
Ê-�ö

G
Zx»#

5Šc*YñÂjÅ3z^ÎkHÁƒYCìZzgZk6,nQ
Æ!Z[»ZW,7ƒ@*Xh‚i~~

Ê-�ö
G

Zx»»xD»
7ƒ@*Xz{h&

Ê-�ö
G

ZxÅæŠÐ4¯c*ŠHì�7

»qïƒ@*ìX (Optical Qualities) y~S:]
Zk~ic*Š{wZg]OÅ̧]Zzg¤!g',¹gzÆÜsic*Š{
æZfÌaZƒYCìXW\Æ#}~�8zn,y
ÃLg3ƒZìZk»Lk[¯Dz‰ÜXj~

Ê-�ö
G

Zx
5ðˆìX

Zzk»¢{åZLËs6ÆnZq-Vwg;ì
1MÅ10+Å§bËshZ[‚0ZâVÃt7

(Transparent) ™0*@*X].h+SßYZ[Z,Ës
y~ñZŠÅˆl~ìTÐ:ÜsÃWäzZàgzÝÉ

‰^ñß‹Ò1�Û^…æ7‰1
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(Ultra Violet) :Š3ðŠ¶zZàgzÝ‰!*Ñ¶
ÃÑÌ¦/gÃXgzZîŠzgÏZ#uÅÅ`™äzZßV
ÃZ[â-k™C�Yèz{ŠzgŠgZiÅKîVÅ@*•g~Ãñ

70*'X
Ê-�ö

G
ZxjgZ[+Ð!*Ñ¶ÃúVÆnƒ

Ðic*Š{Ës6aƒ@*ìZkÐ¯ñƒñ"g,
Z[�zZ]ÆŠgzZi}Å%Æn (Lens) °Ð

æñVÃQ‚D�X
Ê-�ö

G
ZxÐ{mnÅ0*×ÔgzµZzgÌ',àVÆ

n.e$ZdnÅ®ŠZggz"!-ö
HO¯ðYCìXÎCÀ}

ÅÅ~
Ê-�ö

G
ZxÆ%µ5é OE]ŠJÍV~ic*Š{C~Ñä

ZzggùVÃ$¹é FO™äÆ»xWD�X
Ê-�ö

G
ZxÆ#ÈztZzg

Â\ÅZ+ÍCV~Ì5ñYD�XÐŠÔÆ
´º~gZ]ÃŠÚ»»x1Y@*ìYètÍáZLú
Y!g8-ÅgzÝghYD�X

Ê-�ö
G

ZxÅW>3&¢A»
Z0+Zi{ZkŠ"Ðƒ@*ì�]»Zq-•Z°NÂ£Y@*

ìP7pZ¤/Zk•}6,¬ÔÃÅgZÄg¥/Š,ÂY

?Æ‚BVZÞìXzztì�ÔÃ~Šzu}F
7ŠzVÅ§b

Ê-�ö
G

ZxÅZh{àlZgñ�ŠƒCìXZ#
ÔÃÅiCVQ�Â

Ê-�ö
G

ZxÆ%µ5é OE]gZÄ~g{YD�
XÅzzÐ]»•ZW4ìXp

Ê-�ö
G

ZxÆtƒ»x
Šzu}ŠgZÆ�ZëZzg{m»xÂz{�X»ÒyW\
Z[7,³ÐX

ÅŠzc*ic*Š{ßgÂV~ (Element) ËZq-K
ë�X (Isotope) ÐZq-LLëYóóÃëYc*WðÎI\

tW:~ZLZbziyZzgEàðS:]~ÂZ

ƒD�1ZyÅ6ðS:]Zq-„ƒC�X
WðÎI\Æ%œ/} 6 ‚0ZâVä¥xH�

Ê-�ö
G

ZxX
W‚ãÐ6,Zn{ (Neutron) ÃER,zy (Nucleus) 

™Šï�X
É4-�ö GG

Zx»%œ/{Zq-ER,zy_.[™Æ**0*Z+Zg
ƒY@*ìZzgizZw5+k,ƒ™Šz6ZV¯@*ìXZq-ÂÑZzg

»ZzgŠzuZå[Zzg¹ (Helium) )¢›é EOw’VZx
ë�X (Tritium) ziã;àgzX»ZV&R,7Rx

¹ic*Š{wZgCŠg�V6,R,7ZxÆZVZzg;àgzXÆ
ï(Deutrium) Šzu}ziãWðÎI\ÆZVe-R,~Zx

YD�Zzg¹(,~lZg~ÂZ**ðg;™D�XtWiZŠ
(Thermo Nuclear) ÂZ**ðwZgC%œ/k,~c*êñEä

BCìXêñEägŠ¿Zkz‰ÜZzgizgŠZgƒD�Z#
~ÔTÆÃZ+} (Reactor) 

Ê-�ö
G

ZxÆg~ZI

(Nuclear -gkg~ZIÐic*Š{�ÔtEàðZgï
Å§b»x™@*ìXZq-Â-gkÆ£«~t Fuel) 

ic*Š{W‚ãÐŠø7[Zzglƒ@*ìŠzu}t�ZkÐ
ÅZâY7aZƒ'Zzg�¿ (Fission) @*•g~Z$i¨é

EIGt
ƒ@*ìÔZÐW‚ãÐ‡1~g3YYìX

~W×gzER,zyÃñäÅ‡/»ÃZ+{ 6 
Ê-�ö

G
Zx

-gkg~ZI~ƒäzZágŠ¿Ã‡1~gppÆnÌ
ZVc*Y@*ìXZk{¤ÅzzÐtWðÎI\@*•g~Ð

ôpgppzZá6,ŠzVZzgEäš-V~ZEwƒ@*ìX
EàðÂZ**ðÐ½zZáƒZðZzg 6 ¹eì�

Ê-�ö
G

ZxX
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W!˜izV~ER,zy_.[™äÆnZEwƒä
ÑXŠzu~RẃŠJÂVÅ§b

Ê-�ö
G

ZxEàð0VÃQZ
gppÆnZEwƒCìXZkÑÆn¬xîg6,

W$ið
JI\¹oƒgLì)ŠgC

Ê-�ö
G

7 Šø7[
Ê-�ö

G
ZxX

aèZLL̄L¸ðóó 7 ‚~ƒ@*ì(
Ê-�ö

G
ZxX 93 Zx~

Å§bR,~ô¯ä~{xâwÅ§bZEw7ƒYZk
nwZgCEàð)ßY~ZkÅÃðZÌ7ìp/

(Coolant) wZq-(.ç NEOŠªQuàäzZáÃÉ43ïGEH

Æt.e$ñizVìXZk™ŠZg~ZkÅwZgC&¢AZzg
g±c*âùqª~ZkÅ (Conductivity) ñÆ

e¤/~v¤/i+(Ô 1336 e¤/~Ð 180 wZg]»ŠZ],{)
Zzg˜ÑÄ ( V i s c o s i t y )  .e$©à_5éGOqÔ

SkÃ**¦/k,¯Šï�X (Density) 

ZŠO¼²áÐcðÅÌ
Ê-�ö

G
ZxÃ7g~§b

ZEw™äÆ6~¶XZgèæ…Ðò™ÜY~
YäÆn(,~i',Š„¸]Å¢zg]ƒCìXZk»
Z0+Zi{-VÎ	�Z[z{gZ–�Üð˜izVÃi}Ð
ÜYJ-àäÆnZEwƒD�Zy~eg™zh;gk

ÆZ”ƒD�XªCÙì� (Horse Power) 0*îg
gZ–ÆZgï»ZN[.e$„Zë»xìZknZÌ
¼²á¬J-è»%)Y;VÑ½V~WzZÑZC6,Z**
è»%!(ZzgZkÆ‚Bg±Wx4g»‡

„ƒÐ4Zgïg;ìX (Oxidiser) 

ŠJÂVÃgZ–ÆZgïÅwÐZEw™ä»
ÃtZzg2ƒÐ¬ŠzgzÏ‚0ZâV±5å NEgc*&ëGN

(F.A. Tsander) ZzgiZ0+g (U.V.Kundryatuk) 

äzäG¸XZkÑÆnZrVä
Ê-�ö

G
ZxÃƒÐ

(Combustion) oƒY**XZq-³¤/Zx
Ê-�ö

G
ZxÆZwZt

³úg~Ç�XÜsÛ~ZxÅ̀¹ 10270 Ð
ŠgZkÐic*Š{ìXZ%M~gZ–Æ (Calorific) 

‚~
Ê-�ö

G
ZxìÃðä 68 Ð51 k̂ZgïX~

‚w¬„¼™Zñ‰¸XtZq-ŠN!*]ì�
gZ–Z<V~

Ê-�ö
G

ZxpŠ
Ê-�ö

G
ZxÆÜs¿™Cìz{Zk

§bÆZgïÆZq-bÅwÐ
Ê-�ö

G
Zx.e$Zz‘

ŠgZÅwZg]aZ™$ËìZzgŠzu~§s
Ê-�ö

G
ZxÐ¯ð

�gZ–~ZkÆq”V (Ceramic) ƒðgz"è
(Combus t ion ZzgZwZ¹{âV (Nozz les )  

ÅR6,mJðYCìXt¹ic*Š{Šgz Chambers) 

wZg]Å7åO]',ŠZ“™$ËìZzgZy8{ð OVÃ
Ê-�ö

G
ZxÆ

ZgïÆn{ÁZW,Z]ÐÌXñgBbìX
W`ØVÆ0*k¡¦0*à%Æ&B5Òý QEGñZŠ(,~
®ZŠ~ñ�Š��(,~»x!Æ‚B̄ÑŠÔ|èÔjz){
Å(ZEwƒMh�XpZbzVÃZÒZkz‰ÜÂ
7WCìZ#Z0*à%ñZŠW:~5ñYD�Xc*
0*à%ÃË)0*à%Ð�h**ƒ@*ì}Zq-*jgz»g00*à

Æ**xÐ
gìVà0*GZg (Teflon) %�"3¨Òð HGEy
U*"$ƒZpZ[ÐÃðM] (Anticorrosive) 

‚w¬J-Zk»iZ:tÃð:åYèŠJÂV6,Zk»

‰^ñß‹Ò1�Û^…æ7‰1
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mJ**e7ƒZåXZ[ZkÅµmñƒñ3**åäÆ
ª)85½5Ñõ FFGBD�Ô (Non Stick) ',@�**yZ8

¬xƒ‰�X
Z[Zk§bÅ)ßY»gƒ̂ì�Zy0*à%zVÃ
ZñZŠzVÆ‚B�hZc*5c*YnX

Ê-�ö
G

Zxc*1gzyÆ
%·]Å¹gKÏlZgZy¥V6,ÎŠ~YCìXÃ
�h**ƒ@*ìXtZq-§b»EàðÍ0+ìYèZ#tR
ER,zy�g~»‚o™CìÂEàðgŠ¿ÑzqƒD�
ZzgÂZ**ðÅ¹(,~lZgg;ƒCìZzgZy¥V6,Zq-²
ÆZq-7[z,{ÆnŠg<î E0wZg]%zVÉ
DÙZgzVŠgZJ-VY@*ìZk**‡.Þ¦g¾²á~Ì

?ØÌ (Molecule) �h~YäzZà¥VÆ‚ã

YD�ZzgïÌYD�XZzgLLÂ66z~Èï
¯fe�!ZÐLLEàðzN8-óóë�X

q}³Æc-eu×~Zz6,~!*NÍÚ~
Z,ÁÜŠñ‰��Šg]~zZ�Û�XpZLic*Š{F,
7,z±V}Îe*Ô7N*ôÔ

!5½54o-ê
G
YEGIGÔyZzgZ>4XÐøg~

i}½~7,~ìÔ
Ê-�ö

G
Zx×Zq-å[ŠJ]ìZzgi}Å
‚~ìXZ+äŠJ'Zzg�X 0.00658 R»

~Zq-ËK0*c*Y@*ìXZy~Z3ez}
{m (Triphane) ZzgR,Zð@ (Spodumene) 

�Šg½VÆàVÅ (Crystals) �XZkŠJ]Æ™9
§b”�X¹Z‚,̂ÆƒD�XLLt¹
(,}‚,̂zV~ïYD�X}Z%MÅgc*„†!eÃN*

~�™95z{Gg{¢aMZzgŠ±VHziãåX
Æf{],Š*~L:» (Granite) ¤/}**V$

ƒVÐXâCÙ+n*]ÆZ0+Zi}Æ_.Zq-k
H
Ê-�ö

G
ZxïàY$Ëì� 112000 ³¢a¤/}**V$Ð

30 Š*ÆÓxZ˜´ÐŠø7[ƒäzZà
Ê-�ö

G
ZxÐ

kHic*Š{ƒÏX
Ê-�ö

G
ZxÆ!*g}~!*'»™äÐ¬ZÏÐ

Y~Zq- 1891 0W\ÃZq-gKÏ¹ã‹DáX
Z%OgZ',^zzeZK½ÆŠzgZy-Eg;Æ4,Šq-Zq-
1ge8-;îk~gLåÔZq-ŠyP¤̈9VäZkÐ
tf™H�1ge8-`äzZàúg]ð»3**gZ]ÆZka
›3äÐ»g™Cì�¤̈9VÅ.VÐ¦™1
Y@*ìpÃðo]7ìZzg:„Ãðâ™ÍZ„Š¶Ã»g
ìXzzeZk§bÆYV»ieð&+äÆn¹=w
åXZkÆ‚tZ#3**Wc*ÂZkäÍ“Æ•}3ñ

7ÉZy6,
Ê-�ö

G
Zx³gZ[+ru™z,„ghŠc*X

Ê-�ö
G

Zx
³gZ[+»'×{#6„ƒ@*ìZzgtvyŠ{Ì7ƒ@*X
Šzu}ŠyZ#3**ÎÂ¤̈9VäÍ“Æ•}¦

Æfg=Š¬X (Spectroscope) GZzgZyÃ…3ýGÎ
Åuc�ä�

É4-�ö GG
ZxÅzzÐ„ (Spectrum) …3ýG

aZƒð¶ÔtU*"$™Šc*�tz„!*ÏÍ“Æ•}�X
Zq-
gâCÙƒ43š5é EGG]0YäÆÌ̂gZ',^zzeZLZk
YÎÏ»g**óÃ'×}áá™‹@*åX

YYYY(((( 1995 ))))����ÛÛÛÛzzzzgggg~~~~  
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iiii}}}}6666,,,,'''',,,,““““6666,,,,ÂÂÂÂVVVV»»»»ÜÜÜÜÐÐÐÐ____····
Z%OÜðZà**‚äZq-qḐÆ_.Ü~

Ð(Laser) Zq-]45Õä GHV$Ñõ™ä»êHìX9g
&‚wJ-i}Æ¤/ŠîZs (Satellite) :t]45Õä

H
GV$
™Æi}ÅR6,ñ�Š',“6,ÂV~ƒäzZápZ]
Zzgp=VÃ2ÆÂ‰Ð>Ãàñ
ÇX

Ice Cloud Zk]45Õä
H

GV$»å**x
ìLand Elevation Satellite-2 

ìXZk (ICE Sat-2) ²Zk»¿**x
Æfg=i}Å',“6,ÂV~WŠñZõ
J-ÌƒäzZàp=VÃW‚ãÐ¥x
HYnÇX

¿¿¿¿FFFF,,,,++++ZZZZßßßßZZZZ‚‚‚‚îîîî&&&&++++áááá
‚0ZâVäZq-Z+¿F,+

ZßZ‚î&+áÅZXŠÅ§s7gÄ™àì�Üs¸
7ÅZßZ‚î&+ÅÑ†ÃÁ™Š}ÏÉW‚ãÆ‚BZÐ
Zq-(ÐŠzu~(vÌHYnÇX̂~tZq-ŠZi+
Å§bƒÏZzgZÐZ�g¯̂yÆfg=NzwHYnÇX

',$ø
HLIÃ¼-Eg;Æ>ÅtZXŠZÌ¼qÝ

™äÆ%³~ìZzg¼qÝ
ƒD„ZkÅ
Ã8-eƒnÏX
¬xîg6,ZßZ‚î&+~mz9u™·

(Piezoelectr ic  Crystals)

ZEw™ÆŸÆZ0+gÅ¦k,,»gÅ
YC�XpZk5á~7Ê-,ç GÍ0+

Ð»g”{#-�õ
EEO (Polymer Resin) 

(Poly CMUTs) ÃuegxÎ¿U
¹Y@*ìÃZEwHYnÇZzgt×Á
Ñ†~»gGYMh�X

µn�…Êk‚iZÅÔ5Š‹

qDZÏÃ]zZXŠZ]

ZZZZßßßßZZZZ‚‚‚‚îîîî&&&&++++áááá
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¢¢¢¢zzzzgggg]]]]

@*qwGg{‚ßV~¬àRÆ(,}¾Ö
)&CÒð EV(~½ã¾{DÙZg£Ñ]!*-eZðzg;Æñçq6,

(Biodiversity) 	áùƒ`�XZkÆ!*z�Š§Càq
gzi',ziizZw»Dgƒg„ìX‹tógzV»ìwì�tƒ
Zknƒg;ìYè0*Œ–GiÅ0*åVic*Š{F,ZK̈yÆ
fZC¢ŠZ]6,FFƒC�XÔGg{‚ßV~	áùƒä
zZá¬@RÆ(,}‚³N]Æ¾{DÙZg£ßVÆ
‹tÐt³qÝƒZì�)¬!:ZEwÅzzÐ
z‚b°xÂZiy»Dgƒ`�XZzgZkÆ³~pŠZK̈y

6V~¤/ëgƒ@*`Yg;ìX‚³Zzg}z‚bÅ
�ÛZzZãÆ!*z�ŠZk6,‡1:0*äÅzzÌpŠZK̈âVÅ¯ð
ƒð0*åV�XÅ<å XEZ‚bÅZXŠZ]Ðic*Š{0*Œ–Gi
ª‡ây‚iZŠZgzVÅf)ŠZg~ì�oƒ¸Z2ú
Š,@*�§CàqÃ'×h+ZF~ÐXc*YnX

ååååRRRR\\\\ÐÐÐÐ!!!!****…………6666
åR\c*¯îêgÅZâY~‰Z,6ðâœ}

ZEwƒD�XÐpZ&~Jg»ãZzg!*…6Ü
 Fgc*VaZƒ$Ë�XZy¡¬]~cZÎ

ZzgZk‰F6ðâœ}ZEwƒD� (Parabens)

XÐ',ÆãƒYìX
ZâZ],4ZÚD**ò‚³C~	áù£!Æ_.
åR\Å¡¬]~	áï6ðâŠzVÐpZ&Æ

;gñ÷~Ìp~zZµƒ$ËìXÅ<å XEZÈ„ŠZøq~ìX

ZZZZuuuuzzzzÆÆÆÆffffgggg====ŠŠŠŠzzzz6666]]]]44445555ÕÕÕÕääää
HHHHGGGGVVVV$$$$ÅÅÅÅZZZZhhhhZZZZyyyy

äu~CÙ~ÃN*~ (ISRO) yz*ãÜðZŠZg{Zuz
zZµ_54ø

GGIŠ—ðMyZðçÐZLÜð˜i
ÆŠz]45Õä

H
GV$ (UK) Æfg=-**èkx PSLV-C42 

ìZzgZkÆ S1-4 c~gzZ:GXZq-]45Õä HGV$»**x
fg=ik,i}nã$ZâVÃ¥x™äÔâj1]ÅôZãÔ
àzV»Äz°`äZzg6VÐÎŠWiâƒä»»x1

ìZzgZÐ NovaSAR YñÇXŠzu}]45Õä
H

GV$»**x
i}ÅeöÔ',¬´̧VÅ¥â]Å”1!Zzgc[
z){6,ÃgppÆnZEwHYñÇX

PSLV-C42 

µn�…Êk
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T§bÐgc*èÅF,¹Åã²!yÐ¸ZÏ
§bÐŠvExÅF,¹Åã²!i!*y¶XZkÅzzÐ
%zzExƒ]Ô'ZBÔƒ43š5é EGG]Ô6Ô§»]Zzg¥z){

IÆn²!Y'¢zg~ƒŠHåXZknŒÛzÈz«~
Z3ÿXL-g\~ÐXßÍVäZyExÃGe;ÔZyßÍVä

¬²!-XZk0*ŒÅzzÐ²!i!*yÜs›âV
J-özŠ7g„É-g\Å7g~|ðŠ*~Ì¬xƒ̂X
ÑHc*ËÌ-g8i!*y6,²!i!*yÅ¯E»Zq-
o]tì�-g\ÆZIGÔ›yZ%ZzsvÐâz
Â"$²!i!*y~H™D¸XZjgsÑ$k,~

ZÜ~¼èo²!i!*y~ (Escorial Library) 

ñ�Š���ÛZ÷ÆË**¥xgZ<Øä‚gZÍiZ
Æ�ÛâVgzZZXg0ƒŠ)Šz§Ó#Ö (Saragossa) 

X¹Ð0*Šg-Vä (1) Y(Ã‘¸ 1081 @*1046 

²!i!*y~ZâZdŠgzÅ'g]qÝ™à¶�z{²!~
	á²~ÌH™D¸Xe&Òï EFqì�²!i!*ypŠ
|ÇVÆŠgxyW:~gzZ`0*¶̂X‰£â]6,
ZÜÆGîVäÌZgZzgŠzu~èIÂ1VÆF,3
ZKÑHi!*yÃgh™²!i!*y~™gÇ¸XZkÆ¼

Xe&Òï EF'×h+qì�t!*]š (2) %äW`Ìñ�Š�
i!*y›âVZzg psF,Šh+½Y$Ëì�Z0+Ö~²!

|ÇVŠzâVÆn7Vîg6,Z¤/7Â9ÕãZñg

÷Z_
(54 )mX  Š*ñZsx~‚bz¥»²z`

)›‚b-g\~(

 eZËïZ°9.è WEœj

  (1) Dunlop. D.M. P. 29  (2)    Ibid.  

Úþ³nþ³þ³þ³þ³þ³þ³þ³†]'
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ÆnZ0+ÖÅƒÐZëi!*y0¶̂X
›âVZzg)›Z3ÿXL-g\ÆŠgxyâzÂ"$Æ

n²!i!*yŠÎ,œ~{~~„gzZ`0*¶̂XŠÎ,
(Prof. œ~ÅZq-’k,;gzge-Eg;Æ6,zW34h»4ø

XGE

Y~Šgc*ÄÅìXt’k,Zq-â 1927 äHaskins) 

Santa Maria of Ripoll ~Catolonia ì�
ìXz{â 225 ÅZq-{Õ{Ð5ìXZk»Z0+gZ`�

ƒ]Æñçq6,ìZzg²!~ƒäÆ´z{ZkÅ
Šzu~{m!*]tì�Zk~(gÇyÆ²!**xZEw

Al-Debran )Z®],(Ô Al-Tair  G‰�X}
)Z½w(z){X Algol )gV(Zzg Rigel )Z−',Zy(Ô

²!yÎVÅZ’ZẦ',^äÅ„¶XZq-Š*zm,
tCCì�²!i!*y~âzÂ"$ÌZzwZzẁ',^ä

Y~!*g|** 984 „ÅXz{Š*zm,Zq-âì�̀',^ä
**ò¿Ã–å (Lupitus) Æßñ (Barcelona) 

ZzgZkÐŠgpZ„Å¶�z{ƒ]Æñçq6,²!Ð
X(1) ÑH~F,À”{Â[ZÐ%Ø™Š}

ŠÎ,œ~~‘YäzZáâ~²!ÐÑH
~F,À”{ÃðÂ[Ô™**ZkZ%ÅŠÑª™@*ì�
Â1VÆF,ZW»»xŠÎ,œ~J-Ñzqƒ[åXZzg

|Ì¸ìXe&Òï EFqì�²!ÐÑH~F,ZW»
»xŠÎ,œ~~ÑzqƒŠHåZzgÑzqÑzq~ƒ]

X(2) Zzggc*èÅÂÁF,ÀÅ‰̂
~ŠÎ,œ~» Bibloth Que Nationale

gc*è6,–ƒZZq-zŠ{>Zy:
"Mathemetica Alhandrei Summi

Jmes W est fa l l ñ�ŠìX Ast ro logy"  

**òZq-'ZKÂ[: Thompson 

"The Introduction of Arabic Science

into Lorraine in the 10th Century: 1925"

6,qì�ŠÎ,œ~ÆÛÆ 193 @*184 ~™
ÅŠgo�²!‚bÆ0Å!*g Lorraine Wy~

Wzg~ÆnÑH-g\ÆZzA|¸Xz�ÐDÆ
0',vz!*gÑñZzgz�ÐDÅ	áñ̀*ÆŠzu}

X(3) £â]J-Zzg�ÛZ÷ZzgZàyJ-´

6�ZÌCc*ŠHÔÑzqÑzq~ƒ]Zzggc*èÅ
ÂÁF,ÀÅIYV�ZyŠzâVEx~›y¹‡.Þ
Šg}.â]Z�xŠ}`¸XƒCx@Z]ÆnZ',Z&
0ÔZÁZi~äŠ*ñZsx~«!*gZ÷Ñ[

¯c*ZzgQ�{Ð�{Z÷Ñ[¯D− (Astrolabe) 

‰XZyÆfg=*gzVÅ—-VZzgZyÆiZz-V»çH
X(4) Y@*å
pZgiòäZrZÃi0+{HTÅŠZrâ

             (1)   Ibid. P. 33                 (2)   Ibid. P. 36                   (3)   Ibid. Pp. 26-27

  (4)   Dunlop. D.M. Arabic Science in the West, P.6.

Úþ³nþ³þ³þ³þ³þ³þ³þ³†]'
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@*250 **òZq--**ãgc*èŠZVäŒÛã Diophantus 

Diophantus YÆŠgxyeZà¶XZ¦Zgiòä 275 

Æ£«~ZÐZâF,¹Š~�tDpZgiòÐ„™[
X (1) ƒŠH

6,›yƒ]ŠZâV 31-32 e&Òï EFÅÂ[~™
Æ¯ñƒñŠzZ,Z÷Ñ1VÆE+™}�X~Ð

Y~ 1025 äRudolph of Liege Zq-»E+™{
ZLZq-Šz„Æ**xZq-â~HìXŠzu}Z÷Ñ[»

Æg�zZáZLZ‚E+{Ð Lothar ingia E+™{
äHerman Contractus of Reichenan 

Y~HìXZkZ÷Ñ[»**xz‰ZÆ{ 1 0 4 8  

X(2)å(Planispheric Astrolabe) 

ÆjZáÐ–ì�Ñg+ Haskins e&Òï EFä
ÆGÆZq-¿äT»**xzZ&åÔZq- (Lorraine) 

YÃZq-e0+¤/‚ 1092 ZÆ', 18 ²!Z÷Ñ[ÅæŠÐ
»x@{HX

gc*èZzgƒ]Æ´z{Z3ÿXL-g\ä'ZBÅÂ1V
ÆF,3ÌGYV�›âVäZk*y~Ì»°»x
HåXZk*y6,â,œ~~„Ô7ZŠ~»xÑzqƒ[
åX7ZŠÆ´z{Z0+Ö~Ì»xƒZXz;VZ',Z&0©[
§îl**òZq-—0*t'ZBŠZVåXZkÐZÑfg~**òZq-
›y'ZBŠZVäZ0+ÖÆàzVÃ5äzZágZ2V

Y~Zq-Â[ 1058 Æ!*g}~¥â]qÝ™Æ

"Å¶Xt
g'ZBŠZVZÑŠg+ÐÌ½ãZq-
Y~!3bç EE

L 1154 œ~¬ƒZ™@*åXZÑŠg+Å"ŒÛã
¬x6,WðX

¥Å£?ÆF,ZW»W¸iŠHgƒ,œ~~ƒZX
Constantinus ¥ÅÂ1VÆZzAá¢~

»**x
gìTä¥6,ÃðZq-WŠ|7 Africanus 

ÉFÂ1VÆF,3ÑH~GX
)Yg~(

Úþ³nþ³þ³þ³þ³þ³þ³þ³†]'

  (2)  F.Woepcke, Exlr Du Fakhri (Paris, 1853) 3, Included: Dunlop, P, 13.      (2)  Ibid. P. 36
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ÃÃÃÃ{{{{:::: ZZZZ0000¢¢¢¢ŒŒŒŒ4444øøøø
EEEE

GGGG»»»»
Z[ëZyÃ{âV»f™™D��úZxZÜk
~ÐZyßÍVÆ0*k¸�»°à]c*C¸XZy
~Z0¢Œ4ø

E
G»Ã{:açLz„ìXZkÆâŒ́Û\
ÆZ÷F,+yZäÐmgnp¸XT&CÏî O~g;ö
5+k,¸ZkÆ½ãÓxkyZ4Å!¸Xñßs
äÃ{äÆnZµZq-{mqg]´Zð¶XZk
Åy~t!*]$åOÃg¿¶̂�Zq-{m(ÐÃ
{äÅ‚g~ÂÁàz‰ÜÃWÃXZkqg]Æ
ŠgzZi}Ô¿ÔŠ-Zg,Zzg9HVƒÃCÙ}g8-Ð
g8-Šc*ŠHåXZÏ§b�Ûl6,Kƒñ‡AZzgZy6,

7,}ƒñ¤z){ÌZÏg8-Æ¸X
ZkÃ{ä~bjîcxîg6,™Zzgä

»g™ä»»x™DgT¸XZ7çz2~ëw
gSŠ~YC‰@*�z{ZEyÐ;ƒ™»x™ÃZzg

³ÅzzÐ�ZÝoZzgZbxg{YD�Zy»}.˜:
gìXSkÃ{äÆzàÆ(,}fY~Ð¸

X»**xZ1†Zv·0}0·Z0v0Z!NgZÄB¸çE~
|(åXt™r#Dµ¢Œ4ø

E
G~„} 396 -|317)

¸XŠgZÝt™r#¸Â$ifî EÆ1ŒVZkî~
ZâxKHgƒñÔZÏzzÐZ7ŒVÆßÍV~

XZÄB¸çE~Â1VÅz„¯äZzg (1) Zq-£xqÝå

Úþ³nþ³þ³þ³þ³þ³þ³þ³†]' eZËZ£{y

( 13 )mX Ñ$k,~‚b»Zg»YZzg›âVÅ}.â]
²²²²1111VVVV»»»»ffffzzzztttt””””ÁÁÁÁDDDD

1043 Ô] 456 Ôm 2  Z0$h½ð EIZw:Â[ZÅ}ÏîGX`   (1)   
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{mZzgZëÂ1VÅä»g™ä»»xÌ™D¸X
Z#LZ0¢Œ4ø

E
GÆD~W@*�#V¿Æ0*k

Z'‹Ã~ÐÃðZÝÂ[ñ�ŠìÂt™r#Zk
Â[Æ”wÆn"Šg$g¶ya™ŠïXZkÆ
nŠzkHÔNkHÉegkHg¶ÌŠ¶Ð¤/m,:™DX
Z#LËÂ[ÃMqÝ™ä~**»xƒYDÂZk
ÃËZzgzZWÐqÝ™äÅÃÒ™DXZ¤/QÌ
»x[:ƒDÂÁZiÁZkÂ[ÅÜ™äc*Šzu}
¶VÐZk»£¨™äÅZYi]¢zgqÝ™feX
XZÝÂ1VÆ”w~t™r#»x[ƒYD
Z7)MqÆ}.˜Æ�(ËÃ»gŠ¶ÅÇ
ZYi]:ŠïXYèZ7Zk»ŠŠ/å�»ghe
zZÑÂ[Ã	áfz**Šg„zZ:™@*ìXt!*]Â¬xì�

»ghezZáZÒÈwYD�c*Yy1ú™ZÐ7
ßN*DXZy™r#ÃZ¤/LËZ,¿ÐzZô7,@*�
Â[he6,JZÜZg™@*ÂZÐÃ{äÆpÐ
£/Â[»ŠzuZǕ™zZŠï@*�ZÝÂ[ôp
gìX

ZknÆZyZY]ÐâwzŠzª~¶WCì:
vy(ìXZ0¢Œ4ø

E
GÆØtÃÅ$+zªZkÅ

Wæã»9zÂ1VÅ2+gƒŠHåX$+,:LtÃ
{:ŒÛ\~	á„Ã{äÆˆƒÐ(,ZåXZk
fí{ÅŠgz7»9Z0+ZiÃ̂ƒZXz{Zk§b�Z#
qÑ]ä¶3c*ZzgZk{0+ZyÆßÍV6,',}Šy
WñÂz{ZkÆ&6,6gƒñXîÅK~8x¬x
Æfg)ZÐœŠHZzg�Ûz|#™ä~Zq-‚w»²-
µŠHXZkÐZkz‰ÜÆe:DÙZgÎäÆ]Áõ O

qÝƒñXXŠâVZkËfí}Å�Ûz|#ƒg„
¶ÔZyŠâVŒÛ\~{:mÌÑzq¶XZ0¢Œ4ø

E
GÆ

qÑ]Æ!*g}~Z0$h½ð EIZwäËuJ-,Ð
(1) –ìX

YYYY¥¥¥¥ÃÃÃÃZZZZzzzzggggZZZZyyyyÆÆÆÆùùùù´́́́
Y!›4èGELÃ~Ðic*Š{
g¦t»!*°{‡Ì0

|(åXZ1· 347 ÄZyZ0†ZßZg_0m,h+)á°
ZkÅR¶ZzgŒÛ\~}åXZkäzÃ]Æz‰Ü
ZCÓxÃ{:¥ÆZÃŠ}Æn·0Z!Š@Æy

Z,„ßÍV~Z1·†Zv0·0 (2) z"™Šc*åX
†Z°9.è WE0Z‡Z

ÄA;-ö EXEÌ¸XŒÛ\~j-$5+k,¸X
t™r#ËZ,¿ÃÂ[»g:Šï¸�Zâ-$z

|395 |~aZƒñZzg 360 Šc*-$~¢:ƒ@*X
(3) ~Zk˜ÈÃãÐgÁƒñX

Úþ³nþ³þ³þ³þ³þ³þ³þ³†]'

682 Ô] 298-300 Ôm 1  Z0$h½ð EIZw:Â[ZÅ}ÏîGX` (1)   

1072 ] Ô408 Ôm1 @*gõZ!YzZ°zZ>ÉÒ›Ðê!*ÆI0+ÖX` : Z0ZÁè (2)   

557 Ô] 241 Ôm 1  Z0$h½ð EIZw:Â[ZÅ}ÏîGX` (3)   
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ZyŠâV‰|Z]çÙ$+qàÆz‰ÜZCÃ
{:Ö@™g¶qÝ™fe@*�g_0î IG0§]Ã‡ìgÄÃX
Z1i™c*¼Z0â´0¬\+0÷y0†Z°9.è WE0

|(Æ‚BZ(çn7Wc*åXt 375 ™Ô)á°
™r#§î˜Æg�zZá¸XŒÛ\~WñZzgŒV
qìK~ŠgkzD+gö»»xuZ�xŠïgìXZ0
ZÁèäZy»ZCÒyÜHìÔz{ë¸:

Ö³çÂ³‚�l]Î³^Új³oÊ³o]ÖÛ�†ÑæÂ‚�l

Òjf³o]ÖjoÒjfkeí_oÖÓ^ÞkÒjfoœÒ%†Úà
(1)X œm^Úoeã^

)Z¤/~æt~ªx)ÆŠâV(ÃrVZzgz{
ÂÁÌ�~äZyZc*x~ZL;BÐÜÅ�ÔÂ
÷~Ü™Š{ÂÁ÷}z;VÆªxÆŠâVÐic*Š{
ƒVÏ(X

Zy™r#äæt~ä‚w¦/Zg}¸X
Ã{âV»ªxÜsZ%ZY»z:åÉtfztëÁ

WæãzZáßÍV~Ì0*D�ÔXÅÇhñÕÅ¾ð6,
¦/gZz‡]¶X4gVwëŒVZq-yÆÃ{ä»f™
7™D�Xt™r#ÔX»**x·0xxåÔ”VÃ7,J™
�¼g¶qÝ™DZÏÐ¦/gZz‡]™DXZy»Zq-gC
±ÃVÃ$ŠêåZzge±YVÃ7,JC¶XZk§btŠzâV
ÌWæã~!*\»;BJD¸XZkäZKWæã»Zq-
zÂ1VÅyh+Æn–™g3åXÃgrZz‡]~t
™r#Šz2VÐ»gàƒðÂ1VÃÜ™DgTXZy

ÅçÙqªÔ6�ªCÙìÔÃ{äÆnÃðz
gppÅ3:¶XZkÆ!*z�ŠZy™r#»Ã{:!3Šê

EEOZzg
%"ìGOE^~åX‰Zz‡]ŒÛ\ÆZŠ!*YZkÐ¹R
¸XZ#Lt™r#ZyÅÂÁŠg„™Dc*LË
Â[»�{ZzgË̄ætÐZL^~áWDÔ�Üs
Â1VÆ”wÆnH™D¸X!*z�ŠZkÆ�Zy»
]kZzgpgZuÐt@*W,‡ìƒ@*å�t™r#ÃðMnÆ
WŠò�ÔZy»Ã{:Zq-%äÅq¶ZzgZ(�{fí{
ËözŠWæãzZá¿Ð!*Ç)áµåXZ0xxÅ
ñ](,}Ðz¾d$Zzg(z‰Ü~ƒðZ#z{d~˜i

ñ]ÆẐyÅÑlÃ«g~ ÐeÆnYgì¸X
)Yg~( (2) eZwŠc*ŠHX

Úþ³nþ³þ³þ³þ³þ³þ³þ³†]'

X1599] Ô191 Ôm2 @*gõZ!YzZ°zZ>ÉÒ›Ðê!*ÆI0+ÖX` : Z0ZÁè  (1)

X964 Ô] 385 Ôm 1 Z0ZÑ!*g:ZÅ5À)Ïî
G

G2[ZÅ}ÏîGÔ` (2)   
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Zk!*]~Ãðµ7�Z#W\{gŠZg@*g»ZEw
ËZK̈yc*YâgÃZ0+gWäc*!*CÙYäÐgz1Æn
™D�Ât¾îgZq-¸W,g»z^U*"$ƒCìX

Y400 {gŠZg@*g¯**ZzgZÐ!*hÆîg6,ZEw™**Ô
Ðmg‚rìXZkÅZ’Z"{g@*gÐƒðX¤/xßìÃé
™¿MÇVÆûZg@*g¯ñYD¸ZzgZñN*ÇV
~Šø7[¸Xt2œ-VJ-ZEw~g„ZzgZk

Y~teƒZ�ZdÃZy 1870 ~¼Zg»ÌƒZXpQ
Æ@*g(,~(,~MÇVZzg'áV~»gƒäÑXZ¤/p
t@*gic*Š{F,!*hÎä~ZEwƒD¸pZk§b
YâgzVÃŠZ4ƒäÐ7gzuMh¸T§b‚yc*
ñwVÆ!*h}ÆôZyeT¸XZÒZz‡]A
QDƒñ0*pñ7ÌXRV~ßYDZzg£e^

YDc*0*âw™ÆgÄŠïX
!*h¯äzZßVäFnÆ!*h¯ñXÇ~Æx
9}™Æc*òÆ2y¯™ZyÆŠgxy@*gQ
‰Xa!“ÔßZzg»ŠVzZàÄhc*VZEwÅIp
¼Ì¸W,U*"$:ƒZX

Y1843 Ec*guÆZq-å�isÃgzs̄Ò5åGHyä
~ek̈ZàâK~Zq-Ãgxyh+ZXPâ{ˆz{Zq-£ò
~~ŠH˜VZkä{gŠZgLLgzuóóÅ«VwŠ@Xt
Zq-a!“6,Œ¶TÆ‚Bâ!Vðh}ðh}
Ã,6,Zq-@*g~¤¸XZk!*häZkÅ

+CÒ3©3ï
GE

GGGGÃËZgH
ƒŠHX Zzgz{Zq-4q¯ä?#h

¯Ò5åGHyÆnXtå�z{Zq-Z+q¯**eLå�
ñwVÃXRV~ŠZ4ƒäÐgzÆpZ7iÂ:

 ¤CÙµgÃgz¹

xZXŠZ] 100

{gŠZg@*g
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™Š}Xz{Z,@*gÆ»Œ¯ä~»x[ƒŠH�!Zzg
Y~ 1874 â!Â¸pwic*Š{vyŠ{7¸X

¯Ò5åGHyäZKZkZXŠ»ª¼qÝ™1XpZkZXŠ
Ð¼)baZƒ‰XZ#ñwVÃ«ŠiZk!*hª
{gŠZg@*gÐzZô7,ZÂz{ZãW7¸�WoÐWÐ
(,_XizgÎ™ZÐÂhDƒñWÐ(,"ÅÃÒ~F
ñ7iÂƒ‰X

¼ßvÌZk@*gÆÜs¸X}Dg~|Z]Ã
CÙ§bÅ!*hzVÐWiZŠ´ºÅßg]~DgÇ�Šg»g

‰{gŠZg@*gµYä6,Z7ZKçlç}~ÃWðX
ZÏ§bŠ!*ã™äzZßVÃ}.å̃�W!*Š»gZL´̧V~
{gŠZg@*g·™Š,ÐOçZyÆñwV6,jkÅ
âg™VÆgZ5nÈƒYNÐXèI¤/z{ÂŒVJ-

ã�ZÐLL-y»»xóóc*LL-y»gNóóìÑX
{gŠZg@*gzVÅÞgz1Æn¼ßv$+ R6,

ZF,WDZzgZÐ»^ŠïX‰Zz‡]âÃyÐ;å0*ðÌ
ƒYCX!*sy‡ây**Ç™Šc*ŠH�@*g»RZq-™̀xìX
wZÆpsä@*g»U»¿»x!ÐgzuŠc*X

Z¤/p±Zð×}{gŠZg@*gÆZEwÃZq-ÎZw
¯gì¸p̄Ò5åGHyZzg‹x!gMVä@*g‚i~Å
|V¯à‰Ô»gz!*gÆjZáÐOW,:ƒñXßv
ZÐZEw™DƒñegDÂ¸p”VZzg0*p
ñwVÃôpǵÌ¢zg~åXtZq-ZY¦gå&

šŠ7HYYåX
úZògZñZLh~™äÆnZq-ñµ6,{gŠZg

J. F. GLIDDEN

Wire-Fences

No. 157,124

ZZZZ!!!!̄̄̄̄ÒÒÒÒ5555ååååGGGGHHHHyyyyXXXXzzzzZZZZ]]]],,,,¢¢¢¢55554444mmmmøøøø
EEEE

GGGGEEEE

1874 ¼¼¼¼eeeeggggZZZZÓÓÓÓ

Painted Nov 24, 1874
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@*gÆ$û}ÔYyyäØkÆŠ!*âVÆZq-
¤/z{Ã

85Ó4-
÷

FGGE
EH�z{‚yZÕEÆz‰~{gŠZg@*gzVÐ

¶Zq-!*h}~ZLHpEVÃgOXZ7Ãðvy
7ãÇXZ(„ƒZZzgy»Šú~i',Š„»x!Ðë
)gƒZXßÍVÅgZñZkÆh~ƒ̂Xí%zVé
@*g�Ûz|#ƒŠHX

Z¤/ptZq-6ÃW@*ìptZŠJÂVZzg
em,ZÅV~»gHY@*ìX|tì�̄Ò5åGHyÅi0+Ï~

{gŠZg@*g¼ÆnŠgpZZÓ#ÖÃñßw 570 „
ƒNXŠgZÝ¹ÐßÍVäZkñµÐÃZ+{ZV**e;
Yè&‚wJ-t‡âãkBYg~g„�¼Æ£t
zZ¢š5é

GGS¾ÃYeÂX
Z�x»ḡÒ5åGHyÃÃ<ŒÛZgŠ}Šc*ŠHXZÏÅzzÐZÐ

LLÃŠgWs!*g%+zZ],óó»æ[5XZk°ZrêÐ¹Ï
gKµVÃ6gƒ**7,Z�¼Æ£t�Ûz|#™Æ(,~
®ZzgzZ],µV~æ§ƒYNX
W`Ì{gŠZg@*gñwVZzg”VÃôpgppÆn

ZEwHY@*ìX@*ëZk»ZEwpsƒ™çÑzVZzg
ZyÆZ0+3V~ZŸ±Æ‚B�Ûzr0*ŠHìXZ’Z~
¡ñwVZzg1YâgzVÃgz1ÆnZEwƒä
zZÑ{gŠZg@*gZ[ZK̈âVÃgz1ÆnZEwƒg;ìX

ZgŠ¤/Š;äÆ ZÐ9VÅuzŠZzgj~Ó]Æ
´z{ÍŠZñVZzgqgÂVÅegŠ-Zg~?ÌÎc*Y@*ìX

ZkÆŠz@*g]Zzg$+**xiâ:ZEÑ]kBxZzwÆ
ZzgŠzu~kBx~ No-man's land ŠzgZy

̀ëVÆ.HœV~ŠÚ~WñX
ZkÅ¼5Õÿ)©àîg6,1Š{�X}

XZkÆ(,}(,}ô Concer t ina W ire 

9VÆZgŠ¤/ŠÃWD�XªCÙìtßzVÐic*Š{
¸W,ìX

))))ÄÄÄÄttttZZZZggggŠŠŠŠzzzz‚‚‚‚bbbb1111ggggeeeeÔÔÔÔÑÑÑÑƒƒƒƒgggg((((
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ZzjzyÅµÎg`ÐWäzZàµXXXXÃ_.[ X1

™gìX
(IR-Rays) ik,,ucÃúV (i)

(UV-Rays) !*Ññ¶ÃúV (ii)

(Cosmic Rays) »ÑCÃúV (iii)

(X-Rays) XÃúV X (iv)

°æO{Zgn6,Y0+ZgzVÅôpi0+ÏÆnXXXX» X2

gZ„ZEw:ƒäÆ!*z�ŠZk»°æO{ƒZð~ƒ**
¢zg~ìX

Wx (ii) **>zX (i)

»g0eZðW‚à (iv) Zzjzy (iii)

ZzjzyÅµcð°æO{ÅXXXµÆ−z~zZ�Û X3

lZg~0*ðYCìX
(Troposphere) °æO{!3q.ç

GE
GO{ (i)

(Stratosphere) °æO{‡[ (ii)

(Mesosphere) °æO{xy (iii)

(Thermosphere) °æO{q¨{ (iv)

 °æO{ZgnÆZ§Zscð°æO{Å0*õZëqV~Ð X4

XXXXµÎg`ÐWäzZàµ!*Ññ¶ÃúVÃ_.[
™gìX

0*v, (ii) Šzu~ (i)

« (iv) Š~ (iii)

øg~i}Å™«™äzZàZzjzyµXXXuVÅ X5

zzÐ¡Zzg',!*ŠƒCìX
(CFC) ³gzjgz»g0 (i)

(CCl4) »g06Z³gZà (ii)

(HCFC) ;àgz³gzjgz»g0 (iii)

SyÓx (iv)
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ZzjzyÃ̂,
(Ozone Quiz)
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Y~ZzjzyµÅ 1913 
±ø L�ÛZúâ8çXLƒ43š5é EGG]ä X6

Šgc*ÄÅ:
Charles Fabry & Henri Buison (i)

G.M.B. Bobson (ii)

Brewer-Dobson (iii)

Joe Farman, Brian Gardiner (iv)

& Jonathan Shankline

100 i}Æ´z{XXXX(g{6,ÌZkÅRÐ X7

³¢aÅ—~6,ZzjzyÅµ0*ðYCìX
(Venus) iCÙ{ (ii) (Mercury) «gŠ (i)

(Jupitor) œ~ (iv)       (Mars) %õ (iii)

ZzjzyµÎg`ÐWäzZàZ•ðµz*�Ûr&4gö GE X8

ZßZzZ*ÃúV»XXXX‚z_.[™gìÔTÐ
Ri}6,Y0+ZgzVÅi0+ÏeƒCìX

97 (ii) 97 @* 96 (i)

99 @*97 (iv) 99 (iii)

µ~ZzjzyÅlZgÅeöXXXXZ»ð~ÅYC X9

ìX
     (Pa) 0*ñ (i)

(DU) eZ$jè EE  (ii)

(ppm) 0*g"1¹Òø
HG°$Ó4è LOGE (iii)

atm (iv)

~(Stratosphere) i}ÅRÐ°æO{‡[   X10

ZzjzyÅeöÆnXXXXW!»ZEwHY@*ìX
(Spectrometer) Z†z¢a (i)

(Spectrophotometer) Z†z̄I¢a (ii)

(Katharometer) ;gz¢a (iii)

(Dosimeter) ezi~¢a (iv)

!*Ñ¶ÃúVÅ®Š~WäÅzzÐXXXX    X11

Fgc*VƒC�X
(Skin Cancer) ¢Æã (i)

(Sunburn) Wë[iŠÏ (ii)

(Cataract) ñ»È (iii)

tÓx (iv)

XZzjzyµÅZÌZzgZkÅZÃŠe$ZY¤/™äÆnCÙ 12

‚wXXXXÃ‚g~Š*~LLÎZŅ̃Zò-Ä+B©û
GEOELZzjzyµóó

(International Day for the Presevation of

oc*Y@*ìX the Ozone Layer) 

Šc 19 (ii) Z6,s 10 (i)

�y 5 (iv) m16 (iii)

XLLÎZŅ̃Zò-Ä+B©û
GEELZzjzyµóóc*LL¬@-ÄZzjzyóó 13

ÅÑz¬]‚wXXXXÐ (World Ozone Day) 

ƒðX
Y1987 (ii) Y1957 (i)

Y2000 (iv) Y1994 (iii)

YÆnLL¬@-ÄZzjzyóó»\ 2018 X‚w 14

Ÿñ8aþ³þ³^¨Œ
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XXXXXìX (Theme) 

"30 years: Healing our Ozone (i)

Together"

"Keep Coll & Carry On! The (ii)

Montreal Protocol"

Caring for all Life under the (iii)

Sun"

"Ozone & Climate: Restored (iv)

by a World United: Working towards

Reducing Global Warming HFCS under 

the Montreal Protocol"

XZzjzyµÅZÌzZÃŠe$ÃªCÙ™äzZÑŠg`fs 15

å<X (Slogan) |Ì
LLi}¯ZzjzyÆZ+„ì‰XXXXXXXXóó

y%Šg|#Æ (ii) y%0*ãÆ (i)

y%¿Æ (iv) y%”VÆ (iii)

YÆnLLÎZŅ̃Zò-Ä+B©û
GEOEZzjzyµóó» 2018 X‚w 16

XXXìX (Logo) ä́¶Ky

(ii) (i)

(iv) (iii)

����ZZZZ!!!!****]]]]
(UV-Rays) !*Ññ¶ÃúV (ii) X1

Zzjzy (iii) X2

(Stratosphere) °æO{‡[ (ii) X3

Šzu~ (i) X4

tÓx (iv) X5

Charles Fabry & (i) X6

Henri Buison

(Venus) iCÙ{ (ii) X7

99 @*97 (iv) X8

(DU) eZ$jè EE  (ii) X9

(Spectrophotometer) †z̄I¢a  (ii)X10

tÓx   (iv)X11

m 16  (iii)  X12

Y1994 (iii) X13

"Keep Coll & Carry On! (ii) X14

The Montreal Protocola

y%¿Æ (iv) X15

(iv) X16

Ÿñ8aþ³þ³^¨Œ
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#Šg]»ZK̈ãi0+ÏÆnZ%wjìYè#»
EwÜsZ+ZâVÃfZBŠZgZzg¯m,¯ä~„ Z
7É´`zç„ZzgZ¡¬]Å»g~~ÌZë
U*"$ƒZìX¬xîg6,ë3ä~ZEwƒäzZá
%“Ã#»ŠgzŠï�&Îe*³gZàc*Ãð

(Table c*×‚« (Common Salt) ‚«
ë�Xp6ðÃtÐËÌ%“Ã# Salt) 

ZzgZq- (Acid) »ŠgzŠc*YYìZ¤/z{Zq-F,˜
Æ¿ÐqÝƒZƒXŠzu}/V (Base) Z‚k

(Soluble) ~z{%·]¬xîg6,#0*ã~i5+k,
ƒD�YèZy~gzZã¸]ƒCìXÀ˜ËÌ

ZzgZq-tgz ( C a t i o n )  #~Zq-µgz
ƒ@*ìX¬xîg6,#Šz§b»ƒ@*ìª (Anion) 

��ŠgCfgZù‰«g»0*ãZzg"âVz){Ð
(Natural Salt) qÝƒ@*ìQÐŠgC#

ë�XVwÆîg6,¬x#Ô»Ñ#z){X«g
Æ¿Ð (Evaporation) Æ0*ãÐ#ó

qÝƒ@*ìXŠzuZ&ëŠ/Ç{ÔÅZzgyzV~
®s¬ï™Æ»g™Mh�ZÐ¡¦#

ë�XVwÆîg6,Zñ4 (Artificial Salt)  

³gZàÔÎe*»g1,Mz){X
¬xîg6,#Æ²w»fZBØƒ@*ìpËÌ#
Æ²w»fZB#~ñ�ŠF,Z̃zgZ‚kÅ¡]6,«ƒ@*
ìX

####ÅÅÅÅŠŠŠŠggggzzzzÈÈÈÈ~~~~
XF,Z̃zgZ‚kÅ¡]ÅãCŠ6,#F§bÆ 1

ƒD�X
Zzg$zg (Strong Acid) z{#�¤!gF,˜ (i)

ÆŠgxy¬ï™ÆqÝƒD (Weak Base) Z‚k

Ÿñ8aþ³þ³^¨Œ

#

eZË̈ZvÔ©gW!*Š

*¸â{Zk*y~¹ic*Š{ZÝoŠgWð‰TÆnZŠZg{mg]
pZ{ìX‡gMÆzZWå*yŠz!*g{	áùHYg;ìX)ZŠZg{(
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BDìXZk#Æ (Acidic Salt) �F,d-ö
I

G#
ÐÁƒ@* 7 (PH) ²w»fZB\ƒ@*ìZzgZk²w»8ZÝ

ìXVwÆîg6,Zñ4³gZàÔZñ4Üz){X
z{#�¤!gZ‚kZzg$zgF,˜ÆŠgxy¬ï (ii)

B@*ìX (Basic Salt) ™ÆqÝƒ@*ìZ‚Ï#
7 Zk#Æ²w»fZBš/zZƒ@*ìZzg#Æ²w»8ZÝ

Ðic*Š{ƒ@*ìXÎe*»g1,MZkn»#ìX
z{#�¤!gF,Z̃zg¤!gZ‚kÆŠgxy (iii)

(Neutral Salt) ¬ï™ÆqÝƒ@*ìX5w#
B@*ìXZk#Æ²w»fZBØƒ@*ìZzgZkÆ

ƒ@*ìXVwÆîg6,Îe*³gZàÔ 7 ²w»8ZÝ½ã
Îe*Üz){X

ÅãCŠ6,#Šz§b (Solubility) Xi5+k,~ 2

ÆƒD�
Xz{#�‚Š{# (Double Salt) ŠzCÙ{# (i)

ÃZq-„Ú~5™¯c*YñŠzCÙ{#B@*�X7~
ZknÆ#ÅVwìX

Xz{#�‚Š{ (Complex Salt) ë{# (ii)

#ÃËÌÚ~5™Æ¯Në{#B@*ìX
‰7N*ôz){X

####ÆÆÆÆZZZZEEEEÑÑÑÑ]]]]::::XXXX
XXXX(Sodium Carbonate) XXXXÎÎÎÎeeee****»»»»gggg1111,,,,MMMM 1

 ZkÃÀ}Šðä»ÎeZÌë�XZk»‚@Ÿ‚

ìXZk»ZEw»õ¯ä Na2Co3.10H2O 

~Ô™0Ô»g{âV~Zzg0*ãÅñŠzg™ä~HY@*
ìX

XXXX(Sodium Bi-carbonate) XXXXÎÎÎÎeeee****!!!!****ðððð»»»»gggg1111,,,,MMMM 2

ZkÃ3äzZÑÎeZ¹Y@*ìXZk»‚@Ÿ‚
ìXN*g¢uZŒZzgÎe*!*ð»g1,MÆ NaHCo3 

ë�T (Baking Powder) Wö{Ã"5½5ë EGEY7eg
»ZEw<ÔUz){Ã5ìZzgpzg]¯ä~H
Y@*ìXÎe*!*ð»g1,M»ZEwùÅ!ZšMÃÁ
™ä~ÌHY@*ìXZÃ®gã~Ìt¼:¼
lZg~ñ�Šƒ@*ìX

XXXX(Calcium Sulphate) XXXXyyyyÜÜÜÜ 3
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ìX‚@Ÿ‚ÅãCŠ CaSO4.1/2H2O  ‚@Ÿ‚
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XXXX(Copper Sulphate) XXXX»»»»6666,,,,ÜÜÜÜ 5
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Archipelago
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Arcing Voltage
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z{ÁZiÁzzÉ4-

÷
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Arc-Lamp Carbon
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îg6,ZEwƒCìXZk»¢aåðZõÐZq-Zõ
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Arcuate
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