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(Introduction)

ìw™z	?äZq-"ˆ[îg6,-âewƒZð˜i»‚iz‚âyÇ
Ðyh+1ìXù?ÓxôzV

(Ÿ-�õ
EE

ZbZYÆ‚B”VÃZq-F,KM~gnpƒ?
6,Š~ˆ£zk,»ç¤™DƒXA$Z0+gŠñ‰ Box ¬Ô"—Ô?CÙ§bÐ

@Zc*]ÆÒpÐ7g}§i¿ÃZq-Z"g~̂~Zq-âewÆ!*ëÂ4+
§&~Ô%ËtÆgnp�X

85Âî
GWÃðF,v�@Zc*]~Ãð¶ƒCìÂ?QÌZ+ÃðÃ@*„»Èzn
Z¤/?¬„ÔÐZq-Z+§iÆƒZð˜i»Zq-%:gnpƒX — ™feƒ

»eiZí�gZq-gÚÆˆÅËF,KM~»x Plane ¬ÐgÇ‰
WYìXÇSÏ§&~ZEw™DƒñZq-"ÍeiZí¡]~�g

‚ây‚B~Qy„Æ / Zq-âewÆ�ÛZë™@*ìZ"g~gZ5eiZí™ä
ZdwÆ¹„6,¡½ï EHÂZ0+Zi~XSk!*]ÅZÇ„Æ‚BÔZÒ‚bŠZVZzg

ÆâCÙ+Y0+ZgzVÅVßV»_·™D�ISkÆ (RSO) ïz(,ðF,~
W¸i™,Ãð6eiZbZzgÜ™,ÂéZzgeiZb�¬„Ðñ�ŠƒD
�XŠzu}ZÖp~Ôz{ç¤™D�QyeiZb»XÃ	ZväðHì¡]
)Šg](~ZzgÔA$!’q-Æ‚BYg~gnp�aZ™**6)ß;.çEGEX

tf;„VÔaZ™Cì‚bÅZq-5�ác:¡~§»CÇ

ÔT»È¡]~ñ�ŠY0+ZgzVÆÂñVÅÇc*ÝwÅ (Biomimetics)

»g~XSk6_·»leƒg;ƒ@*ì!*g!*gZÒ/òV~ZzgÅwg;ƒ@*ì5
gZ�SK̈+MÆnX

Ô‚³%Y0+ZgzVÆÂéÅ‚½VÆÝw Biomimetics 6	
»g™DƒñÔQ½@*ìÔt%7™@*ìZq-(,ZŠ—CÂî FQy‚bŠZâVÆn�

Biomimetics ~iÃtSg»YÅ@*G~ƒD�XZq-Sg»YIÆó̀{ÐÔ
XÃz{ßvSg»ðS̈»ƒÐ — 7g}îg6,SK̈âVÆn**‡.ÞJwƒ@*ì

!’q-qÝ™äÅÃÒ™**Šzu}Y0+ZgzVÐ�SyÅ — —e&+ZB�
Ã~!540î NEGEîg6,ÔZkŠgŠ*Z’ZðZŠzZgÐ0ƒD�£¨~SySK̈âV
ÆXZ¤/ic*Š{F,¹c*CY0+ZgZ’ZðZŠzZgÆY0+ZgZâYÆeiZb�gâewÆZCD
�ÂÍc*ëøg}wÅ)ßYÆ9zÅãCŠQy‚½V6,gOÐ�	Á
F,¹c*CZ�xBD�X�Ô$+á~ÔÃtSg»YÅãCŠ~îg6,Üszgi~ƒC
ìÔTÅy(,}zNtÐSk!*]6,‡ìgSì	Y0+ZgZâYZãic*Š{Š*
Z’ZðZŠzZgÆƒD�	z{QyÆâjwÐÃð_“7gpp0*D�ÔSk

n¢„nzxƒYD�Ô²â!*¹ZdF,¹c*Cîg6,Q½}ƒD�Zzg»x[
ƒD�X

Z¤/85Âî FGZg»YÆÃc*]ÃZq-eZ{I (Biomimetics) ¡~§»CÇ
~gnpƒñÔ;g;ƒ@*ìÚZzgWg;ƒ@*ì‚³¦gZ]»1w!*Ñ™ä�`
~XSk!*]Å²£Ðö NgzÝ~Ô@*ëZq-Šzu~5‚³�ácQ½Cì:i0+{&]

‚tWCìX (Biomimetics) Æ§i¿ÅÝà‚b

Zzg BIomimetics tÂ[#ZŠgZu~QyF,ª]ÃÑCì�
�ácç¤™Cì"Í1W[J-Ô¹„ÁÂzÆqïÂé� Biomimicry

gì�Z#Ð	Y0+ZgZâY«ŠiðG‰¸XSkÆ´z{z{Òy™@*ì	
ù¡]ÆFZq-ZZzgZd&¢AÆ}2éÔ�â]Š}Šñ�Sg»Y
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ÆÃc*]Ãz{ÓxÆÓxøg}‡ŠgÇZvÅ"VwðÅaZzZgƒD�X
H�? Biomimetics /

ŠzâV»pÔ¬ç¤™ÆÔZzgA$Ü Biomimicry Zzg Biomimetics

™Æc*¡]~ñ�ŠâeÖÐ!’q-qÝ™Æ)b»ieð&+|ïÜƒ@*ìX
Z+S˜bì�ZEw~WCìÒy™ä~ZâY Biomimetics

‚âyÔ}2éZzgÂéÃX»	SK̈yßvÜ™D�Sy8ÂéZzgeiZb

»Ô{mîgÐæZ¢š-ö
EG

ÔgKÐgK)ßYÔ¥z!*)̂ßYZzg¡¦f;„yZâV
ä7Hå� Janine M. Benyus »¦gƒÐ¬Ô Biomimicry ~X

ÏZq-'Zzg‚³x@{à{¶Ôˆ~^™Skik,cñçqÃ Montana

FZq-äZL;ðV~1åZzgZEw™**ÑzqHåXQyÆ·9~ÐZq-
Ð0‚g~gziZ‚ÛzV(,ðF,~ÃX BIomimicry ÃÒy™Cìz{QkÆ»xÃZzg

Å'¶Ô Field Guides z{Zq-@*gõ8ÆâCÙÆZzg1i0+Ï6,¹‚g}
ÃŠNeZà¶�Z(g (Laboratories) Zzgz{FZq-‚³>Æ!™)ÿ{âV

™gìƒD�Zq-¹„‚Š{V)§&(ÃÔŠgc*Ä™ä¡]ÆgZizVÃX
»Zq-ZëÑƒ@*ì	ëÃ¹¼8™*ÐGƒ@*ìÔ�gâew Biomimicry

',Zñ ÆÔ**\ÂwÆ£gÆÔZzgŠ/ÆX�¼	t>œ	îg6,gnpZ̧�Zx
¡~eiZíÆÔZzg!’q-ÆZEw™äQ7SK̈ã)bÃi™äÆnX

Zq-aZzg~eiZIƒäÆ',Zñ�{vÆZ·Zu David Oakey

¿ÆÔ�ÛñV~ÐZq-ÆZEw™Dƒñ¡C‚½VÃÔ4™äaZzZg
ÅÃZyÃZzgaZzZg~&¢AÃX

Æñçq6,z{Z(¼Hì:¡]»gz!*gZzgeiZíÆn Biomimicry

¡] ÷ZZq-Š/ìÔZq-I»Zq-fg=ìZzgZq-i0+ÏÃ9ñhŠ¶»Zq-âewìX
¡]ÐI»Zq-fg=ìX Biomimicry »Âx�3‚wÐ»x™@*Wc*ìX

t!gëg~Æ‚BÌzZÑ¦gÔ0*c*ì0*‡Zg~»¥Dy‚bŠZâV
ÐÔ�‡.ÞƒDÚ̧F,¹Š¶pŠÅZKïÃ!’q-qÝ™ÆŠg]
Æ"Vw"ÍâeÖ6,X‚³>ÎŠqÂñVZzg{xaZzZgzV6,»x™Æ

Z[Qy̧ÂVÆ‚BÑq-ƒ‰��Sk!*]» — Qì~{mîgÐ —

ç™D�	ù4+§&~¡]Å‚½VÅÜ™Mh�X
¡]~eiZbÔ{xZâYZzgÂZ**ðÅ²+lZgzV6,Ô(,~Ð(,~

aZzZg~&¢AÅJ-$Šï�Xt¡CeiZbZLW\Å%#Ö™äÆ‡.Þ
ƒD�Ôâj1Cîg6,åpÎZgZzg7g}îg6,Šz!*g{ZEwÆ‡.ÞÌƒD
�Xz{{ñÙÐ»g™ŠgT�Ô)1CîgÐplfztƒD�ÔZzgîsz
Z2Zg~i0+ŠHV7™C�XtÓxZiS:]�~™ä�gâeÖÆn

qìÔ¡~ÂéÆ�g 'High Country News' YgìƒD�X6	C
âewÆZEwÐÔë(ß;.çEGEaZ™Mh�Ô�ic*Š{²9J-0*Z+ZgƒD�£¨
~QyÆ�W`ÀZEw~ƒD�X

Â[Å'Ôìw™Dƒñ Biomimicry, Janine M. Benyus

Qk¡C‚½VÆ6,6»Ô¡]Å‚½VÅÝwÅ¢zg]6,¢gBb¶X
fs~PZ~ÔuVßVÃÒy™Cì�ñµ�ÛZëG¸QkÆnæZf
™äQkÆZ,Zq-³6,V0*äÆn:

¤/ZéÐÁZgï6,$½5½ðGUÃ0*g™äÅ&¢A‡.Þ̈g 3
6.5ë XEY',ekÔ (1

ƒCìX
ÔV»ðÐic*Š{f;„SŠgZuÆ�»g™Š Dragonflies ù»©í (2

ƒD�?
Zzg Equipments— Š]Æ÷y~wZgCZzgSk,,æÂé (3

ÂZ**ðÆZEÑ]ÅZ˜jV~Ô)©àZd»g™ŠÏgnp�£¨
ÆX Equipments ~SK̈yÆ¶ƒñ
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ic*Š{!*&¢AZzĝkƒ@*ì£¨~ ¹ Æeg~ÅZd�ÛŕR,Z\.2.çGH (4

gZeZgÂéÆ�SK̈yÐ¶ƒD�X
ùgzÝaZ™äzZáZ5Z

².1¹ÿ GZâYÐF,I3™%wZg]Æ (5

gzÝ{g`™D�X
ùd!-A)å NE

EÑàÅTZzg<5!Æ�ußƒäÆˆQÐ (6

i0+ÏÅ§sß3�X
ZzgùZJ — ZCg8-$+wfe� (Chameleons) ù@ZzgZzÏ (7

Zq-œ~ZCg8-Zzg: Cuttlefish Zzg Octopi zZá Tentacles

ŠzâV$+wfe�@*	QyÅâjwÐ_“ƒn?
ùßÅªVÔ«g~Ã}Zzg6,0+}%uY]ÆZK2w»Ø` (8

fe�?
0*ã~îs²9J-¨ðÎDgT�%Ë Penguins zdZzg (9

ÆX Senba Geer

¥â]»fí{™@*ìÔY0+ZgzV~? Helix» DNAù (10

ùÃ¦F,IÆfg=íZq-ªZy±è NE6ð$™)ÿ
G

Z�xŠï�@*	 (11

aZ™,&ÎRg[HØ¤/CÙ‚w?
t‚g}¡PZq-VBì¡~}2éZzgeiZbÅ�aZ™D�

»°�lz_./ÔZzg!*¿ƒäÅ&¢AâÑâw™ä)ßYÆ»°gKY]ÃX6
	øg}¥â]~ZŸ†ƒ@*Y@*ìÔZzg)ßYÐ0Zk**]gz×ƒD
YD�ÔQyÆ!*¿ƒäÅ&&ÔåÆnzZãÐzZãF,ƒCYC�X

z,œ~~ÔVwÆîg6,Ô¡]ÅÕà¡QkÅ)1CZŠZgÆ 19

ÒpÐƒC¶XQkz‰ÜÆ¼kZzgâCÙ+yZ]8™*ÅpzgZVÐOW,
sÆ_.QyÅZK&]~7™D¸X zä ƒ™ÝwÔSy‚½VÆªCÙ~

@*ëZ¤/Ãðic*Š{�ZðÆ‚B!*gq-·9»Y,̂{©8ìÔÂic*Š{ªZy±è NE¡]

Æ"ÍF,ZIÃZDgƒYD�X
D+g�îg6,Ô6	)©àâ:Ô¡~eiZbÆZzḡZZ+QyÆÝÑ]
ÆZK̈+MÆnW×W×‚tWDYD�ÔOç¡~}2éz‰ÜÆ

ZzgWy»g‚ÓC — ‚B‚Bic*Š{�ZðÆ‚B_·~W**ÑzqƒäÑ�
Åð Lw6,Ì¹¼î]ƒäÐ�X

Æfg=Q½äzZàZâYÔ‚854è
EG

GZzg�aZƒg„� Biomimetics

ZzgZEw~W$Ë�6ÄŸ]~ÔF,¹c*Cgz!*F~ZzgƒYì	w
~ÌXSk`Ð¡]ÆeiZbÅ°ì Spacecraft ÆÜY~QhäzZá

�ªZyÁuJ-zWzÚSK̈+MÆnX
p~ÑC�øg~i0+7V~ Biomimetics /ù

øgZZv‡ŠgÇä¡]~eiZb�gxZÅâ]ÆëÃ«HìX
Ü™DƒñQyÅÔfeƒñQ7�gâeÖÆÔZK̈+M0*gìgZ{TyÅ
	HsZzgH9ìXËzzÐÔ¡qw„~‚³ñ‹ä™1ì	¡]Æ
eiZbƒD�Zq-¹(,Zfg=SK̈+MÆnœjqzVÆ”w»ÔZzgt
	SyÃ¢zg]ƒCìZEw~ÑñYäÅgzi%{Åi0+Ï~X

Zq-M(,~®ZŠx‚³,¬]t™D�	¡~‚854è
EG

GúÒÏ
Natural ™C�Zq-(,}fg=Å�SK̈+MÃZd£g~eiZbÅgZ{Š3CìX

SkqÃSyZ˜jV~7™@*ì:@*ëãCŠ~ï¡]Æ Magazine

(Pool) }2éÅÚ6,Ô;¶Ð6,z”J-ÔDîg6,âÑâw™ŠîìQḱ40î EH
Å Pool 0*Mh�XñZu]ÅzÝSk Ideas Ã˜VÐ	eiZÙkZzgZ+B2.ç

E
EGEk

'×h+�Zð™ä~~ii',Š„ƒCìX
Skfg=»9ZEw$¨45é GGGES)ßY~!gëg(,ðF,~ÆÑÇ¿Ã(,JzZ

Òy™Cì	¡]ÅÜZq- Janine M. Benyus ÆâCÙ Biomimetics ŠuX
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(,~®ZŠÅìk~ëÃWÐ(,JCìÔ‰	½ZZzgÂZ**ðÅaZzZg~Ô¥âC
fí{Z0+zi~~Zzg¡ÆyZâV~X�gVwÆz{f™™Cì}2é»�

ÂZ**ð6,»x™D�ÔÛR,kÅaZzZg�]½5Òø
YE

Solar êVÐéy0*D�Ô�
™D�ÔZzg®±ð Ni{¤/~�¯CìI^Y^ Cells v™D�T§bÐ
ÅÜ™DƒñªéâVÅ¼Z“ÆX Mother of Pearl Ågzuåxé

Zz[ZK̈+M6,�}îg6,ZW,Z0+Zi Biomimetics Sknt!*]zZãƒCì	
ƒ@*ìZzgëÃë»ñµŠêì)©àîg6,W‚yZzgWgZx~��áZ+„¬Lë
Ãñµ5ƒX

Zq-ÆˆZq-ÔW`Å(,fƒð)ß;.çEGE!7Z]»Ø`g„ƒC�Ô
¡Qyìk~ÐZq-ì�Y0+ZgZâYÆ)©àeiZb Biomimetics Zzg

gÄgìƒD�ZEw™ä�gâeÖÆSK̈+MÆn‡.ÞŠg}.â]ÆX
PZq-‚³x¦/+�Syç5]Ðmgnp�fs~�áï�X

LL¡]~ñ�ŠeiZbÐGXóó (1

Wn6,µ/Y]Xóó Biomimetics LL (2

LL‚b¡]ÅÜ™CìXóó (3

LLeiZí~i0+ÏÆZòtXóó (4

~7æ{gZiXóó Plain Sight :Biomimicry LL (5

:5Šgc*©�¡]ÐéyqÝ™C�Xóó Biomimicry LL (6

:)©àf;-$�øg}Z§Zs~ƒCìXóó BIomimicry LL (7

Ð5q,aZ (Blue Prints) :¡]ÆuY] Biomimetics LL (8

™@*ìXóó
LLZ

+B542.ç
E
EGEJGk¡]ÐeiZíÆntg{eT�Xóó (9

�gNg¸],7,−Sy~Æp}Ã‰	teD�	ù}òSk
‚³ïÆƒD�Ô�Zq-ÆẐq-7™D�ØZ@ZvÆz�ŠÆX

/f;„eiZíÔ!*ZÖpŠvð
ð™äÆnÔZvÃËeiZíÅ¢zg]7ƒCìX
t!*]Zëì	ÂLeiZíóÃñizVîg6,'ƒÇX
t	ZväðHìZq-"ÍeiZí»Èt7ƒ@*ì	z{¬¯c*

ìZq-µ/ZzgA$Qk6,»gÈƒZìXZvÔZgnz�Y»W‡ÔÃð™äÅ{§Ãð
eiZbÅ¢zg]Ñh7ƒCìX

}.ZSyÓx{ñVÐ¹WÐZzg—ìXQkÅµ/È~Zzgð
Zq-„œ6,z̧q5+k,ƒD�X

Z#LZq-qeLì	Wñz�Š~ÔQkÆn»°ƒ@*ì¡IQk
Ã	ÔLLƒY!óóZzgz{ƒYCìX

6	Wc*]ŒÛWyÆëÐë�:
Qk»¬Z#z{eLZq-qÔƒ@*ì¡IQkÃÔLLƒY!óóZzgz{q

(82 )Îg{[Ô ƒYCìX
h¬ÄõWñ�Š�W�âVZzgi}ÆXZzgZ#Ë»xÃ7gZ™**eT�

Â'Sk»xÅÚSÚ�ÛâŠï�	ƒYÔ:z{ZÏ§bƒY@*ìX
(117 )Îg{•{Ô

//
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!*[Zzw

/f;„ZâY
°iâ:ÔFZq-‚bŠZV¡~)ŠgC(ZâYÅ‚½V»_·™gì�

ZzgQ7ZEw™gì��gâewÆSyÅZKî]~ÔÜsSknt‚854è
EG

G

Shell gBb�Z,£/S:]‰¢ï−6ZzgEXVwÆîg6,ÔZ0+gzã
ÆCeramics )@6(–Šg}Q¸gnƒñÔgBbì™t'×Z›¸]£¨~

85Âî
GW�Zd)ßYÐYV:aZGYMhƒVX)~Æg§ŠJÐ¯ÑŠÆ£¨

ZEw™D Mussels ~0*õ±5é YNE¢ïgnp�ÔZzg:ŠZgc*8-B0î FFFFS¤�	
�ZLW\ÃeJêgppÆnÔ"yc*NhÅ§bQyÆpZmƒD�ik,W[

Ô‚bz)ßYR,¿óZzgZ�á�¤/z\»Zq-¥ÁÒy Gulgun Akbaba ÌX
zgz{§jT~ëQïZEw™Mh�: Z ™@*ì¡~ZâYÆZdS:]Ã

Zzg†kÆZâYZ[**‡.Þƒ‰�_.ƒä~)ßYÐÔ Ceramics gzZî
�]å NOCYg„ìŒÛd$ŒÛd$CÙ*gäŠyÆ‚BX‚bŠZVSk¶Å½0*ð
™äÅ6,»x™gì�XyZCgñi¡C‚½V~W×W×ZDgƒ**Ñzq
ƒgì�'

pŠÅ%#Ö™Yìc*Zq-in Mussel Shell SÏ§i~6	Zq-
pgŠ{�águ%#Ö™$ËìZKin”{7Óå ELÅÔZâY�)ßY~ZEwƒD�Ô

Ì‡.ÞƒVÐ¯heZLW\ÃQÐ6X
tZâY�ic*Š{JÔ¢oÔic*Š{'×Z›ƒD�ZzgZd8Ô}oÔ

².1¹ÿ G

ZzgZ9zx±545ë
YEGHpZmgnp�ÔZL~−6Zzg&¢AÔeágppic*Š{&4ið GFIV

ÆÔZzgó_5Õä HQ Space Shuttles ÃQkuJ-Î	Çhc*V�ggZ„ÆÔ
ÆZ#	iF̂ƒZð™{ÃghäZzgŠZ4ƒäÆŠzgZygBb�X»xi',Š„
Î6,‚7-$h4-?ç FGEEPk,k6,�µ/ÈƒD�Î',Zp^ÆnÔÌ¢zg]gnp
�gzÝÔwZgC'×Z›ZâYÅX¥~Ô¡¦A~ÅaZzZgÆn¢zg]ƒCì
ZâYÅ�àz‰ÜS

^©-Aö
EEEÔzäsÆ‚BJ‚|#ÆÔƒC�Zzg!*©Âîg6,

QÚ„ŒÛd$ÔA	¡]~0*ðYC�X
aZ™äÆnÔ£œ»zWyZyZEw~W@*ìÔ¯z^ Ceramicþ

(1800-2750F»)c* ÐZ9p‚âyJ-Ô&4h4è
GFIGZq-DÙZgc*Gg{ÎT¤/i+Ðic*Š{
ZâY¡]~ñ�ŠƒD�Ô@*ëZ,Zd&4h4è

GFIGLÌQy Ceramic ¹‚g}
ÆaZƒä~ZEw~7WC�X

ÃZq-6,¡½ï EH§& Shell ÔVwÆîg6,Z�ÛZi™@*ìQkÆ Mussel Zq-
Ãgy;6,(X 39» e¤/~T¤/i+6,) 4 ~Üs

Ilhan ¡])Šg](~)ßYÅtVwâb™CìR,¾‚bŠZVÔ
ÅÂzÃÔ�¼ìZLzegzVÃÔ[~Ñg�	ùëaZ™Mh� Aksay

ÃX«g~&]ÅZq-M®ZŠÆ Ceramics 4Ôic*Š{¢oÔ»gWæZzg»g™Š
äØ`c*	0V�̂ Aksay ÆZ0+gzã‚½V»ç¤™DƒñÔ Shells

~–1Šg}#-Cå FGFZgZzg)æZgÛzã)gzV~ƒC�)©àpZmgBb�X
Zq-Z9Z7-pgŠÎÆ‚B&ÑÄ±5é YNE(,Jä6,Ô@6xËƒCìZq-Z•MÅ
Š-ZgÆÔgnpƒñy»g1,MÔZAVÆ!*g~!*g~Ðgnpƒñ‚B~Zq-
6,z”Çg}ÆX!*z�Šy»g1,MÆÑiòîg6,"ßa¡]ÆÔ@6S•ð
îg6,¢oƒCìQkÅ"ã‚|#ÅzzÐZzgÁ"ßaƒC¶£¨~SK̈ã
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ÆX Ceremics ;ðVÐ¶
ä0*c*å	Qk»"ã‚|#»ƒ**æŠÇgƒ@*ì‡ìgppG,pVÃ Aksay

'×h+ZŸ†Ð¥Æg�~Ô**ûZgîg6,ÔQÏ§iÐTÒpÐZq-µƒðgÏ
$zg77,CìZ#	Qk~Zq-WŠ|zZuezg~I¦ìX

aZHå‰¹JÔ Aksay Z,âeÖÐ!’q-qÝ™ÆÔ
ÆZ¯Y!™)ÿ{âV~ US ÆX Ceramic-Metal '×Z›A7Ñõ EN%·]

%“ÐQkäæŠ Boron-Carbide/Almunium ZJ**]Ð*gä6,Zq-
qÝÅ¶aZ™äQkÃ�ZEwƒZå�gig{lÆ�»g~ÆŠ!*-VÆnX

ZâYÃaZ™äÆnÔ°iâ:‚bŠZVßvpgŠ|Åð Lw6, Biomimetics

¶K0+„™@*ì	 A k s a y î]™gì�X�gZq-VwÆÔ6,zW
ZâY�A-V~ZzgŠZÕV~µƒC�KãŠ6,‚BF,I Biomimetics

Æ**xCZâYÆ‰6,z9ÆÔZzgQÌgnp�pZmic*Š{Zd£¨~SK̈ã
ÐX Ceramics ;BÐ¶
Æ£!Ðj,0*™	¡C)ŠgC(ZâYÆZdS:] Aksay

Q½D�SgnoÐZ•ðÁÅð Lw6,Ô)Zq-LÆŠkÑÄz,z6,(ÔFZq-|VÔ
¶ZziZgSyZ…Š6,¯ä~ÑgT�ÔY0+Zg‚!!’OZâY»¯**ÑzqH

Èt	¡¦ZâYY0+Zg‚½VÅ!’q-Ð¯**ÑzqHìXÓx —ì
¹‚g}QaZzZgZzg:aZzZg�ZdŠ!*îZzg&4ið GFIVÆ�aZGYD�Ô
gnp�¢gg‚y

².1¹Òø GZL~X@*ë¡]aZ™CìZ+„ZâY�Z,ÑZ_
�ik,W[²wƒD�ÔVw — Æ�i0+Ï‚iÇgƒC�6	ÒyHYYì

Æîg6,ÔZzg#{ÅŠ6,XtúÒÏ™CìZq-‡.ÞÒpœ»™g@ÆZzg‚b
ŠZâVÆn7Vîg6,XF,0Ì�ZCÙZ]7™äzZáÔŠJC½ÂVÆeiZIkÔ

7™äzZáÔZzg**³ Ceramic âCÙ+Ô�{ Fiberoptic ‚bŠZVÔ Polymer

§hV Biomimetics ñÝaZ™äzZáÔ‚g}Æ‚g}0*D�Z:t™**

»ÔƒDƒñ)©àiX¡~ZâYÔ�	ÓxQyÅ¢zgÂVÆn�Z[z{ƒC
�Ô´z{SkÆ¹ic*Š{ZUîV»bCÙ{™D�XSknÔZìk~

Ç™D�ZÝÅÔ� — Z
+C4ø
E
EEJ- Jet œg-VÐ Bullet Proof óâCÙ+

¡]~0*ñYD�ÔZzgQyÆZdpZmÆÝw»g™D�Ô¡¦
fgZ$šð JVÐX

SK̈ã;ðVÐµZâYzZ¢š5é GGSI^YC�Zzg)YC�XSkÃ¢zg]
ƒCì$+áYäÅc*%#Ö™äÅÔ»x`Dƒñ

8-B-ö
FFFFZâYÐÔVwÆ
Å@6ÔŠg„GYMh�ZÝ Mussel îg6,Xp‰ZâY¡]~Ô‰	

Z�xÐXqw~ÔÇ~Ô‚bŠZVäÑzqHìÔaZzZgÃÔZâYÅ‰
Ô�pŠÐ‰h+0*D�X Polycy-Clates Zzg Polymers

ï~ÔaZ™ä¢oÔîgÐ‰h+ƒäzZáY0+ZgzVÅ‚½V
u} Æ!’OZâY~Zq-8—àYCì�gZq-âewÆÔ‰ÆƒCì

z,œ~~ÔTÃïâŠ~‚bÆ_·Y]ÅãCŠ¯CìX 21 Å−X

/%·]
¡]~ZÒZâY%·]6,ŒƒC�X%·]̂kZâYƒC��

³ƒC�Z#Šzc*ic*Š{ZâYW:~X�¯äZq-5Ú�gBbìºm
pZm�ZÝÆQyZbZYÐic*Š{',F,S:]ÆqïƒD�X

¡¦%“Ô�Y**Y@*ì�gÃ$†kÆÔ�gVwÆÔZEw~W@*
ì˜iÆeJvV~ÔTÆDgÅr-V~ÔZzgZ7gFX‚ây~‰¾z

Æ‚B Polymer ‰ö8 Jelly ¾y~XtÃ$†kÔ�{†kÃ$k�	
JƒY@*ìÔZq-%“—Q½Cì Polymer ZölÐqÝƒ@*ìX‰„

�ÑÔ¢oZzgEZgƒCìX$+%6,lZgzVÃÃ$kÆc*ö8—Æ�
Wöl~ZEwƒ@*ìÔ8iïEL¢zg]$+wŠêìÔ%“ÆpZmÃX
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%·]Ô�¤/ZÃV$Zzg»g0Ã$k6,ŒƒD�ÔQyŠk4+Ô*¸
‚ßVÆÔZb8-Šgc*:V~ÐƒD�XSy%·]Æ‚BÔÑ‚|# 25

ÆnÔZðª0*gF Planes Æ%·CZâYeiZíGYD�X‰	6
Æg;»gkZzgSM˜izVÆnZzg‚B„ 1- ÆnÔZ7gF‚âyÔÃgñ!

5Šgc*:VÆn�!gëg~Ð¯ñYgìƒD�QÌÔZ[J-SK̈yÆ
;ðVÐ%·]ic*Š{F,Z’ZðZzg$zgâÎÆƒD�£¨~QyÆ�¡]
Å‚½V6,0*ñYD�X

éÓx)©à‚½VÆÔZâYZzgÂéÆ¡]~Ô%·]X»
Z"g~îg6,ŒV6,E+™{HŠHìÔQy~ÐCÙZq-ZvÅ)©à!»gv~Å
VwìXŒÛWy~FZq-Wc*]ÂzŠÑC�SkðÅ"Vwâ:ZzgS¾wÅXZv
ZDg™@*ì"ÑgZÅâ]Ã�z{SK̈+M6,«™@*ìQkÆÑVw&]Æ³~X

We$7ìXóó
QH?7BXZzgZ¤/?ZvÅÚÃ1ÏXÂ:±è

YLEjXzZªZv¬ÄõW(,~
(18Ô Rì )Îg{ n]zZáÔ(,~gØzZá�X

/Ã$†k)ßYÔ1óÆ¢~
z,œ~~ZEw~W**ÑzqƒC¶ÔY0+ZgzV 20 Ã$†k)ßY�

ÔVwÆîg6,Ô»°îg6, (Skin) ~QyÅðÆŠyÐg„�XZq-1óÅ¢
z„‚|#gBbì6	Ã$†kg‚rìX

qwqwJ-Ô‚bŠZVßvªZy¸	ù1ó¢)Óf5+k,¶¾zV
ÆnÔe¸îVÆnZzg‰Zz‡]85Âî

G
ÈztÐ¬ÍCVÆnXï7

™CìªZyÁ}ò:—�Šîì1óÆ¢ÃQkÅ{m¢ïÔz{ƒCì
Æ6,z”Ã$k�1óÅ¢ZL~gBbìXtÃ$kZq-!*ÄÃ Collagen

7WñƒD�gppZ+ Collagen ¢ïŠ¶Å{¤gnp�X"—

-S:]X�³ƒCìZq-îsdZ4[§i¿»Ô6	Zg»I¤/z\
HìëÃ¢™äÆnXOñSkÆÔt6,¡½ï EHZzgåîg6,Q½ZåÔÓxZL
pZmÆ‚BZLðÆQÏœ6,X

~Muscles )ßY Steel Cable/
8%·]ÅŠzu~Vwgv‰ÃA~Ð5äzZáezgzy

ÃA-VÐ5C�ÔZq-¹„¢o Muscles Å�Xt!*©� (Tendons)

ãCŠzV6,Ã$k»�SyÃZ(™ä Collagen @*ëZW,5+k,‚|#gnp�X]ì
ÅZq-Šzu~S¤ƒ@*ì§iTÆ� Tendons Æn¯ñgnp�X

QyÅÃ$k!*ë#/õ ENEgT�X
-Eg;Åè5ÛÅZq-¥ÁƒC Rutgers ÔZ%MÆ Ms Benyul

~ñ�Š Muscles ~Òy™Cì	øg} Biomimicry ìXz{ZKÂ[
Zq-¹„{m§iÆ_.¶ƒD�ZzgSk§bZLÌ» Tendons

ÆZq-%zhqª~ Cables vg}7!*iz~ Tendon ŸYg~gBbì:
Æ�ZEwƒ@*ìZq-¤&ÿFN~XCÙ Cables ñ�ŠõÅ§bƒ@*ìÔé
»Zq-%zhZƒZè{ƒ@*ìX‚>V»Ô� Cables &+Z]pŠÞÞ Cable ZÐZŠ~
Å̂Æ�CÙzVÆè}ƒD�X!*g!*g Helix 	Ô"—Ô%zh}ƒñÔ

Zq-gc*èÅZq-pzg]
²-�ö
YNG²£Ðö NƒCìÔZq-pŠÂôÆÔ�á0+ZgZb8-Æ

)ßYZEwƒCì°iâ: Steel-Cable ÆX|~Ô Kaleidoscope

Å‚|#Ð!’q-Æ³~ƒ0*c*å Tendons ¤&ÿFN~�ZK̈ãŸ~
»**‡.Þ¢eiZíÔ}.ZÆZdF,+eiZíZzg"0*c*V¥â]Æ Tendons

ÑgoÂV~ÐZq-ƒ@*ìX "

/!Ñ~zd&Ô.ç EEO
&Ô.ç EEOÔl!ÅZq-6,]ƒCì�zdÆŸÃeJêgSìÔt�gZq-
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¡~·îÆ}2xÆ»x™Cì�zdÃQz6,RW[6,wÆnWä»ñµ
W!¬î6Ã«gÅ�ZÇV~ Warm Blooded �ÛZë™CìXQÏz‰ÜÔtSk

uŠ0*ãÆZW,Z]ÐôpgBbìXzd&Ô.ç EEOÔ²zdy~ZzgCR»gzZÇV~
ẑsƒCìÔzdÃŠzc*&!*gQâ„ÂZ**ðÅàCìÎÔ	Ø¤/c*6,z”½
™C�XZ~Ôuzd%½ZÆDÙZg;³¢akÆÜ£òÆŠzgZy²z{‡.ÞÒp
½ZqÝ™ä~**‡.ÞƒCìÔÂz{Šg»gÂZ**ðZLŸÅSkl!ª&Ô.ç EEOÐ
qÝ™CìXSkÆ´z{Ôaèzd&Ô.ç EEOZq-¹„EZgg',Ü—ƒCìÔSk
nCÙ!*gZ#zdQkÅ™xÃ0*ã~âgCìÂEÆ‚Bú±0Æ¿~&Ô.ç EEO
~iZîZzg;îzZµƒ@*ìÔ�:ÜszdÃZŸ†gëgÅàCìÔÉ´z{Sk

ÂZ**ðÆD»ñµŠîìXSyÓxS:]Æ‚BÔ 20% ÆîsẑV~
zd&Ô.ç EEOŒY@*ì�gZq-—Æ‚B~¹‚g}ZŸ±ÔSkÆZdw~X
zdDÙZg;‚wÐ&Ô.ç EEOÅÃãgBbWðìÔ@*ëÜsqw„~tØ`c*ŠHì	

Ã$kÆë{¡}6,ŒƒCìX‚b~i»x™g„ì Collagen z{
7g}îg6,K&Ô.ç EEOÆSkl!A%“ÆZdwÃÔ@*ë‚bŠZV¢™D�
	Ske~ï@*ëZq-ŠzuZ7ZC6,Ze–ƒÇZ¤/F,0Ìîg6,taZHY@*ìÂ
z{¹‚g}»gWæZ:‡]ZL~gÇÇX

Å{mÔvy.h+~‚|#  Mother of Pearl/
Å‚|#¯DƒñZ0+gzã6,&Zq- (Nacre) Mother of Pearl

ÅÔÜÅˆƒC�ZâYÅaZö~ÔZEwÆn (Shell) œsY0+ZgÆ@6
»eu6, Mother of Pearl 95% ~XÃð Blades )©àJ\#Z”Æ

ÅZ0+gzã6,ÂV»(ª Shell ») Mother of Pearl Œƒ@*ìÔ@*ë]ì
SkÅ%“‚|#»	t&DÙZg!*gic*Š{Jƒ@*ì£¨~euÆZq-eƒ

»pgŠ|ç¤™ä6, Mother of Pearl ÆZ0+gzã6,ÂVª Shell ÐXZ#

Š!*f] 0.5 Micrometer zÝ~Zzg 8 Micrometers, Platelets pgŠ|
Layers, ¢aƒ@*ìXt 10

-6 Ð%ZŠ Micrometer ~ŠAYMh�Ô˜V
Ôy»g1,MÆZq- Platelets Å^~F,KM~ƒD�Xt Platelets

û1NZDwÐ¶ƒD�Ô@*ëz{!*ëAƒD�X85Âî
G

ìSy~ñ�Š
tW3F,IŠz§hVÐñ�ÛZë™CìXZ# — Zq-ng1‰6,z”»

6,¸g~1ú»Š!*î7,@*ìÔÃðG,ð�‘W�ÔAlÑzq™D Mother of Pearl

�ÔpZK‚$+wfe��V„z{6,z”6,ÂVÐ*gäÅÃÒ™D�X
t¿¬Z+™Š{̧]Ã1ŠêìÔZzgSk§bIU»¿¥uY@*ìX

Zq-ŠzuZ¾e$j5ËÔZ#LZq-G,caZƒCìÔÂ6,z”6,'
²Ÿ-

÷
LEF

™G,cÆWg0*gezg-V~$+wYC�Ô_.[™DƒñÂZ**ðÃ�:LƒCì
G,.VÆYg~gpp»X

Ævy~¶™D�Ô¹‚g} Mother of Pearl ‚854è
EG

G�
‚bŠZâVÆn_·»Zq-ñçq0‰�X¡CZâY~'×Z›¸]Z,
Zq-yÅãCŠƒC�X

ëw§&Ôš—ÆÔZq-Zdf;-$Åñ�ŠÏÅ¶K0+„™D�X
6	tVweCìÔ}.Z™sîgÐZLz�ŠÅÞŠ]ÃªCÙ™@*ìZzgZKð
Åi',Š„̧]Zzg¤‰ÜÃZLÑözŠDZzgù]Æfg=ZDg™@*ìX6	Zv
Sk!*]ÃÒy™@*ìZzg�¼	i}~ìÔªz{ƒ»â´ìÔZzgGZv„

(64 )Îg>ZÝÔ Z(ì�Ë»Z`7ìX

/Ç~ÅñQkÆeiZí~7æ{ƒCì
ZâY»ñZi:™ä~ÔŠzu}Y0+ZgzV~Ôm@*C%·]gnp�ic*Š{

ÆX Collagen |ßiÃ$kOñ
— Ç~ÅJÔ'×Z›‚|#Sk|ßiÅaZöÐqÝÅYCì
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|ßiZq-J—ƒCì�0*ã~**i5+k,ƒCìXt|ßiÅS¤¯Cì
]ì|ßi»Ô	Ç~Å‚½VÃgBbì‡ì — ¯z^~Ç~ÃZkŠg!�

ôzV‚ßVJ-X�ÒyÅYCì�gÚîöÆZzgZLW\~"nƒä
ÆÔ|ßiZEw~WCì¹ic*Š{Ò]Ð£¨~ÃðZzg¤8-ZâYÆ
yZ]~Ô&ÒðFNV~Ô�ÛoZzgFZzgZâY~X

YèÇ~Ágëg~£ŠñVÐÂZ**ð_.[™CìÔSknz{özŠ™ä
vyÃZq-ºm£xJ-Ô)©àîg6,%æFNZW,ƒCìX{mîgÐvy¹¼Á
ƒY@*ìZ#	£ŠxfgZC‚Æ‡[iZz-V6,zZµƒ@*ìXøá»g~ïeC
	ZZlxÅÇ~ZÅð LÖÅ'×ZØÃªCÙ™CìXSy5Ëk~ÐZq- ì
ÑÄƒCìÔYèic*Š{ûÇc*V£ŠxÆŠzgZyic*Š{ÂZ**ðÃ_.[™C�XÇ~
~**CVÅ®ZŠÔQyÅ�#ÖZzg„Ì£Šò—hÃÁ™ä~Zë5ËkƒD�X

�~iƒÐ(,~'×ZØ Mosquito Aircraft ™*ÅŠzu~xkB»
Æ6,ÂVÃÉm~ÅÇ~Æ¯ Plywood Æ‚BËÌyZ!ÆÜsÔup

dVuŠgxy�h™¯ñ‰Ô̧T~Ç~ÅñQkÃZq-¹„‡.Þ½z1
—Å̂ŠîìXZ#z{I¦ìÂIRÇ~»SkŠgW×ƒ@*ì	CÙÃðŠNY
ìSÐI3ƒñ{àWçÐ�Sk§bŠîìúÔheZôïD+ZÛz‰Ü6,X

Ç~îsáZi~»Í6,ŒƒCìÔÅAŸ]aç L}Ãaç L}Ð
AgT�ÔZzgëZg|ßiÃ$kÐy}gT�XSkÆ´z{ÔtŸ]Zq-

ÐµƒCìXZq-@̀~ Resin ‚|#~“sƒD�� Polymer ë{
ï~Š-ZgÅ]Š!*i]ÃZzgÔ!*ëÔes�ziyÆÔ 80% yZ!Ôt6,'¯C�

ëzÃXZ#Zq-Ç~»3Z0+gpŠÐ»ƒY@*ìÔA$z{£ŠxÅÂZ**ðÃ_.[
™©8ìÔģÂhDƒñZ§Z°Ÿ]ÐX85Âî

G
Z¤/G,Á»ŸYg~gLì

Ã$kÆŠgxyÔQÌÇ~~—h7W@*ìÔIKƒðÇ~@*ë»°uJ-¢o
ƒYCì–gZŠ¶Zq-‡.ÞÒp1úÃZLÐX

±5é
YNEic*Š{0*GZgƒD 50 —�Ç~ÆeiZíÅÜÐ¯ñYD�Ô

�£¨~F,0ÌZâYÐ�°iâ:ZEw~ƒD�XÇ~°iâ:eiZí~Ü~
WCìZâY~�aZÅYg„ƒC�(,~gëgzVÆZâYÆD~ÔÍàŠZģw~X

6	tPVBeD�Ô¡~ZâYgnp�Zq-¹f;-$½}
ZzgÇ~ÆZ·‡]» Mother of Pearl eiZíZL~X‚854è

EG
GZzg'×Z›¤‰ÜÔ

³7ƒD�Xz;VƒCì
²£Ðö NÔZÇ:»eiZíSyZâY~XCÙ,QyÆ

ƒâg~ — 6,ÂVÅ�ÏÐQyÅÑÄJ-Zzg**CVÆ®ZŠJ- — "ÍeiZí
GƒñƒD�ZzgaZÅYC�Ñä'×ZØÃSy~X Plan Æ‚B

Zq-We$~ZvSk!*]ÃªCÙ™@*ì	z{CÙqÃaZHì�øg}
Z§ZsƒCì:

LLZzgZv„»ì�¼ìW�âV~Zzg�¼i}~ìÔZzgƒq,
(126 )Îg{̈KYÔ ZvÆ‡1~�Xóó

/)~Æg§ŠJÐ̄ÑŠÐic*Š{¢oƒD�
— 6,zZäÔíZzgœsVÔ�gVwÆ — Zq-(,~®ZŠÔ#Z]ZÑgnÅ

g1aZ™D�ÔZ¤/85Âî FGz;V6,‡.ÞÒp·z]SyZâYZzg)~Æg§YáÆ
Šgxyƒ@*ìX‚bŠZâVÆ_.Ô)~ÆŠJÐ¹„¢oZâY~Ð
Zq-ƒD�XZ¤/ëZq-)~ÆÓxYáÆS:]˜�Â³~qÝ
ƒäzZàz„¹„îsƒCìXQÌ85Âî

G
)~ÆYáÆpZmÆ¡P

Zq-VB»°ƒD�ZÌ�äÆn:
g§ŠJÐ�)~&4-ö EN

EGìÃ**0*Y@*ìZq-B¢aÆDÙZgz,zÆzÝ (1

~Ôz{ƒ@*ì0*õkHic*Š{¢ōÑŠ~@*gÆ£¨~�Qâ„Š!*i]
g‚rìX
tg§ŠJ§�Zq-B¢aÆDÙZgz,zÅzÝg‚rìZKMðÆeg (2
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kHMðJ-5YYìX
SkÆ´z{SÚic*Š{−ƒ@*ì	»°ŠJ§5YYìZ§Zs(g{Æ (3

¤/Zxƒ@*ìX 320 T»ziyÜs
tZÐZŠ~S:]ZŠzu}ZâY~¹0*ñYMh�Ô@*ët¹

„Z]4k5é GIEðÔßg]QyÆnWðƒC�‚g}Æ‚g})~ÆŠJ§~Xt
W‚y7ƒ@*ì0***Zq-—�¢oZzgEZgŠzâVS:]gBbƒZL~X6
	)~»ŠJ§g‚rìXó

ÔVwÆîg6,Ô7ƒ@*ìQÚ„EZgA	g',Zzg� Cable ¢ōÑŠ~
7ƒD Deform W‚ãÐ̂~ Cables Yì!*g!*gXZzgg', Ñ :̂~—h

�ÔZzg:Sãic*Š{»°îg6,¢o7ƒD	¸g~1ÑVÃ',ŠZ“™ÃXù
Zq-Z,Û‘tÐŠJÐ#/õ ENEYMh�ÔgnpƒñpZmzWF,Zd£¨~g',
ZzḡÑŠÐ�ƒC�aZzZgœ-VÅ¦”{SK̈ã¥â]Å?

)~Æg1Å',F,~7æ{ƒCìQkÆ
².1¹ÿ G‚|#~XQkÅ{x

Æ#-Cå FGFZgiîzV Amino Acids BCìÔ� Keratin —ƒCìZq-6,z”�
6,z”¤8-šu Keratin 6,ŒƒCì�Zq-Šzu}ÐÚ:æENH~ƒC�X

Z,zWF,Z8ZâY‰!*wÔ**oÔ6,Zzg¢ÆnƒD�XSyÓxZâY”
ƒD�ÔSkÆ

+B©Šö
GEE

pZm{mîgÐZëƒD�X
gnp��ÈñgT� Amino Acids, Keratin SkÆ´z{Ô	

e¢ŠgzXgZ�VÐ�SkÃ¹„EZg¯D�Ô6	SkÅzŸs#
Z%kx¦/+LL‚bEióó~ƒCì:SK̈ãe›Âx6,ÔZq-Yw�x/ƒ@*ì

ÃX Aircraft Zq-TÆDgÆYwÆñYìZq-)�Û
6,&�hÐŠJÐaZƒD�X&�h TipÆAbdomen )~Æ

BD Spigots ~ÐCÙZq-aZƒ@*ìM!*w‰**CVÐ� Spinnerets

ÆZ0+gg1¼zŠJ-YD�XSy~ÐCÙZq-ÔZq- Abdomen, Spigots �X

Zn»g1aZ™@*ìXSyÆŠgxy!*buöÆ³~ÔZq-FnÆg§
ŠJÐaZƒD�X)~ÆŸ~')4ø FFÆ²£Ð.5åEyZzgŠ!*îzZáÂé‚B~
)©àîgÐF,¹c*CpZmÆÔZEw~WD�X{xg1ÅaZzZgÆŠzgZyÔ

ÐïáYD�X Spigots A$z{
~Š!*îÔ~p~ Spigots ¹ic*Š{ZÌÆ‚BÔ)~ZK%èÐ

ÃX Keratin ÑMh�Ô�‚>VÅ‚|#~Ìp~ÑD�Ô¯Dƒñâù
²£Ð.5åEyÆNzw}2xÔ¢ZzgŠJÍV~EÓx$+áYMh�XZk§b
¯DƒñŠJÍVÃZ(g™Dƒñ£/S:]%QkÆ¡‚|#~
p~ÑäÆX

Z¤/�ZðÆ‚Bp´Vg1~£[ƒC�ÔA$Šzu}¼zŠÃ
»g™ŠÏ~Ñ**ƒ@*ìXZzgWy~ÔQkÆÔ�ZgbÆ6,¡½ï EHZEw»]ìÔ

6,X Track )~gÄ$ËìŠJÐÃ£/
Z#Zq-Ši)~»¡7{7g}îg6,Ü~WYìÔA$Zq-(,~

Šg»gEÆ‚BÔ¹„¢o Safety Belts ®ZŠ»gWæZâYÅaZƒ$ËìY
Ã$¾XSkÆ´z{Ãð Bullet Proof uŠŠJÐ�Ãð¶Ky7ghDZzg

Ì¢gg‚yiCÙYâŠ}QyÅaZzZg~ZEw~WäÅ¢zg]7gnpX
)~»g1¹„)©àpZmZL~g‚rìXŠ!*îÆÜsQkÅ

Zd'×Z›¤‰ÜÅ¯6,Šk±5é YNEic*Š{ÂZ**ðÅ¢zg]ƒCì)~Æg1ÃÂhä
£¨~ZzgÆªSÏ§iÆ§»CZâYÆX

³~Ô¹ic*Š{ÂZ**ðÅ¢zg]ƒCìyaƒäÅ@*	)~Æg1
Å�#Ög‚rƒXZq-Zëzz	 Nyion ÆZq-„}ÃÂhäÆn��#Ö~

YV)c*V‡.ÞƒD�aZ™äÅSkŠg¢og1ÆŠJ§ÃÔz{er�Ô
ZŸ†™äæŠÇg%·]‚BZq-!*‡°{‚|#Æ@*	‡1~gÄn̄5+k,~Ð
ZzgãCŠ~6,z”Ô%·]Ã'ç NHäÐXaè&4-ö EN

EG—âù̄6,ŒƒCìÔ)c*VZq-
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¾lZgÂZ**ðÅya™CìÔZ(™äÆŠzgZyX
ŠJ§�)-VÐaZHY@*ìÔic*Š{¤‰Üzgƒ@*ì£¨~¥x

ŠgCc*F,0ÌÃ$kÐXpŠJÐ�z{aZ™D�!*Z°Z„îg6,:Â¦G
ÐaZ™Š{g1ÔƒMh Insects YMh�Zzg:ZEw~WMh�Ô6	Šzu}

�X¸zzì	Üs°iâ:�Šw¡¦aZzZg„ZEw~WD�X
>zWF,_ÙY]~ẑsƒD�	ù)c*VQyÆg§

ŠJÐaZ™D�XeZË¤çELu,zz°ZBÔZq-³Z**CâCÙÔeúgu~ñ�Š-Eg;Ws
»_·HåZzgSk§i¿Æ Araneus Diadematus Wg

(Ÿø
G

»Ô!*rÅ)~
9zÃ©¬x6,Ñä~»x!qÝÅ¶XQkä0*c*å	)c*VZKg1ÃQkÃ

%æGN�á™J™Šï�X{mîgÐÔQkäQk**à»ç¤HåTÆfg=g1
*g@*ìISkÆ	z{)~ÆŸÐ{g`ƒ@*ìXISkÆ	g1**à~ŠZ4
ƒÔg1âù6,z”6,Œƒ@*ìX**à~ÔºmŸ]ªCÙZîg6,g16,z9Ð
0*ãéfe�XŠgzX�ZCÙ�0*ãÐnYD�**àÆŠzu}z~B

aZ™D�X�y„g16,z9F,˜Æ‚BÓk  Aid Bath GYD�ÔZq-
¯D�Zq-Šzu}Æ‚BÔ™Dƒñ Bridges ~W@*ìÔz{'ç NHYD�Zzg

ÆƒÐic*Š{ Kevlar g1ÃJÔ�LLic*Š{¢oZzgic*Š{EZgƒ@*ì£¨~
¢oSK̈yÆ;ðV¶Ã$Ðóó

6	zz°ZB7™@*ìX
Ô�gZq-¢ïŠ¶zZà—Æ�ZEw~W@*ìX Kevlar

~ÔZzgZEw~W@*ì Tires Z,»g~)œg~(~Zzg Bullet Proof

F,¹c*C)ßY~Ôƒ@*ìƒÐic*Š{¢oSK̈ã;ðVÐ¶F,0Ì%“
Æ£«~)©àZg«z Kevlar ÆX@*ë)~»ŠJ§g‚rìZ,S:]�

ZdƒD�X‚B~QkÆƒäÆ¹„¢oÔ)~»g1ÌQÐŠz!*g{
Zq-§i¿Ð*ZgZY@*ìZzgŠz!*g{ZEw~W@*ì)~Ð�	QÐ"5é ENEåXZ¤/

™D�Ü™äZ0+gzã§i;ñ¿ÃÔ�z̧q5+k, Manage ‚bŠZVßv
¥â] Z¤/6,z9»'ç NH**"Í¯c*YYìZzg&4-ö E

NEOG—Æ745ë EEH — ƒ@*ì)~ÆZ0+g
»ZŸ†HY@*ìÔA$QÒpÐg1ãCŠ~ŠJÐ¯**eƒYñÇ‚B~Zq-(,~

#/õ ENEO»§iŒ ®ZŠÆ{mpZmÆXS=tìwHY@*ì	Z¤/)~ÆŠJ§Æ
~»°]å NJgWñÇX Level YYìÔÂSK̈ã;ðVÐ¶ZâYÅ»x!Æ

nÔ tŠJ§ÔTÃ	‚bŠZVÜsZ[̧ÂVÃ¦™gì�î]Æ
Î‚ßVÐXtÔ"—Ô 8 aZHY@*g;ì"Íîg6,)-VÐÁÐÁ&DÙZg

ZvÆ6,¡½ï EHðÆFZq-oÂV~ÐZq-ìX
Zzg:z;VÃð—ì	ÓxSy)©àbCÙQkÆ#Z(g~ƒD

��z̧q5+k,ƒD�QkÅ%èÐX6	Zq-We$Òy™Cì:
LL~äÂÀ™1ìZv6,Ô�÷ZÌâ´ìZzgvgZÌâ´ìÔæ

¥z}i}6,½zZá�ÔƒÅaKZkäñg¿ìÔ$¨45é GGGES÷Zg[ÜZo�
(56 )Îg{ðŠÔ 6,ìXóó

/)~ÆŠJÐÆaZ™ä»}2xËÌ&½5é HHbáÆn
)©àZÌ»qïƒ@*ì
)c*VÔZ£œÆnZzgZS:]Æ‚Bg1aZ™D�X

VwÆîg6,ÔQkÆg1Æ¼zŠÃ‚]ZZlxÆg1aZ ÔDiatematus

— ™äZEw™Mh�
SÏ§bÅaZzZgÆÒpÐ&½5½ø

HE
»ZEwâegyyb!k54ø

IGE~ƒ@*
ìX@*ëQy!k54ø

IGEÅi',Š„�#Ö»».Þ)~ÆPY,-B¢akÆg1aZ
™äzZá�Ð7HYYìXŠzu~QkÆg1ÅZd{¤z{§i¿ì
T~)~SkÃaZ™äÆ‡.ÞƒCìX

//
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ŠzuZ!*[

(Biomimetics) /7ŠzV~eiZíZzg¡~§»CÇ
Ô�	qwqw~»x~W**Ñzq (Fiber-Optics) !*gq-†ÏŠJÐ

Å¯z^~ZEw~WD�ÔtgzÝÃv™äÅ Cables ƒñ�ÔZÒ
&¢Agnp�ÔZzgZd&74-öGG¥â]Ìv™D�XH!*]ƒCÔZ¤/Ãð?Ð
Hƒ@*	Y0+ZgZâYSk)ßYÃ�3‚ßVÐZEw™Dgì�?tZ,
Z�x�XÃ?Zh§bÐY…ƒÔ@*ëXÆZdeiZíÆ!*g}~ÔßÍVÅ

7ŠzV~X — Zq-(,~®ZŠ�áZ+„L85Âî
G
¨gJ-7™D�

YèZÒßvÒîg6,ÔZLZ§ZsÅ™*ÃŠÙ�ÔzZ/Æ%Ôz{
LY0+ZgzVÆZdeiZíÅVßVÃ7ŠÙ�‡ŠgÇZvÅðƒD�X
p|~Š¬YñÂÔÓxY0+ZggZizVÐ½}ƒD�X?ÃzZ/»6,ŠZ
ZVäÆnÔYVZzgùÅYyÎ™**»°ƒ@*ìXÃð�̈g™@*ìSyÎZßV
Æ!*g}~9sV~ÔY}ƒ@*ì	CÙq�ëZ§ZsŠÙ�ÔZq-Z,{Û

z{øgZ‡ŠgÇW‡ —— Å»gv~ƒCì�z�;]Zzg¥â]ZL~g‚rì
— ƒ@*ìXë�gVwÆÃ¦F,IÃfe��	7Š}êV~Yg~gnp�

tð»Zq-i',Š„7{ƒ@*ìÔZ¤/85Âî FGQkÆgZi~iuhgZi�XÃ¦ —

F,IZq-Z(§i¿ìà~CÙ}7Š}gzÝÃ»g1Šg�~$+wŠï

��SK̈yLLZzg³Z**]ZEw™D�X�áZ+«Ã~tÂô)©àîg6,
B�	¡¦îg6,Ã¦F,I)Mð Biochemists Zâ¿ÃW$ËìÔ@*ë

F,IÆt§i¿ ¦Ã $+w$ËìX7Š}Sk Ã ~™* g @*;(W‚ãÆ‚B‚
ŸÆfg=Yg~gnp�X Æ¿ ÃzZu]ÆZq-ë{

Sy§i;ñ¿ÅÇÇZÆ~i)zZäìXt{¤¡Ãt
Sg»YÆâ+zZßVÃ{ñl™äÆn»°ƒCìX

6,zWZŸ'ç L‚ñSg»I¡ÅÔÃ¦F,IÆŸ~)Dª
ÅzŸs#™@*ìX

(Organelles) LLÃ¦F,I$¨45é GGGESZq-ë{¿ìÔZzg3ÆZ0+gZ�ñ
~„CÙSk»Q½****e‚Š3ðŠêìXYèÃ¦F,IÆ¿~Óx%Zi»
zZ¢š5é GGSz̧q5+k,ƒ**Ì**e‚ÃW@*ìÔZzgQyÓx%Zi»].ZÇ:îg6,ð0***Ì

"pƒY@*ìXóó
Æ”V~¤/Ä~fe Solar Cell 7Š}Îg`ÅgzÝÃŠgCîg6,

Solar Panels ��³gzökÆ**xÐñÎxƒD�XSÏ§bÐë¡¦
~fí{™fe�Ô�	gzÝÃ Batteries ÐÂZ**ðqÝ™D�ZzgSÐ

Z9pÂZ**ð~$+wŠï�XZq-7Š}Æ3ÅÁ¤‰ÜÅaZzZgÔZq-(,~
ÆZEwÅ¢zg]aZ™Cì�êVÅ̂~qÝƒCìX Panels ®ZŠÆ

ÆÔÎg`»‚o™}@*	 Solar Panels êVÆn»°ƒ@*ì	z{é
SK̈âVÅÂZ**ðÅ¢zgÂVÃ7g}™nX

Solar Batteries ³gzökÆZdw7g}îg6,ÜGYD�Ô¶
ÂZ**ðÅZq-(,~lZgÅ¢zg]Ã7gZ™äzZá‚âyÃ»g™Š¯äÆ‡.Þ

Solar z){Zzg¡¦_5Õä HQÜs (Space Craft) ƒYD�XƒZð˜i
ÃZEw™Æ»g™ŠƒäÆ‡.ÞƒYD�Ô%ËŠzu~ÂZ**ðÆ‚BX Energy

7Š}Ô�Z+Zd&&gnp�ÔZzg‚bŠZV�QyÅÜ™äÅ
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ÃÒ™D�Ôª]iŠ{ƒ™ÔZLuzVÃZvÆWÐqfe�ÔéŠzu}
Y0+ZgzVÆXSk!*]ÅzŸs#Zq-We$~ƒCì�Šgzfsì:

LL"ãÆŠg|#Ähc*Vza~1‹VZzgãŠZgŠg|#‡ZZvÆ.
(6 )Îg{gÝÔ ƒD�Xóó

(Protected Surfaces) /Dc*C+
ÃðÌR¢Šz½gÐyZ[ƒ$ËìÔc*85Âî

GWÖZggzÝÐÌOW,ƒ$Ë
Liquids Zzg (Polishes) ìX¸zzì	‚bŠZVÔ�ÛoZzgñR,»gÆ0*É4øGI

ÆZW,Z]ÐQyÆÛzã¥V (Ultra Violet Rays) ¯D�@*	"3¨4-ö EEEIJÃúV
Ã
²Ÿø
Y
L:YäÐgzuÃZzgôpgÄÃXŠg]~ÌÔ³ZyZzg7Š}QyÆ
ZLŸ]~Í**ÍVZâYaZ™D�@*	QyÅÛzã¥VÃÛzãvyÐ

ôpgÄÃX
ë{6ð%·]�Y0+ZgZ�xÐaZƒD�Ô‚bŠZV¡Ãª]

iŠ{™Šï�ÔZzgZkneiZIkZ,�·¥âC¹‚g}VßVÅÜ™ä
ÅÃÒ™D�X

ÔQyÃ¤/Šz½gZzg²Ÿfõ
Y
L$fõ FLYäÐ (Covering) Ç~Æ¥V6,Ãã

ôpgppÆnZëƒCìÔ{mîgÐ0*ãÐ�Ç~Æ!*gq-”¯V~
ŠZ4ƒ™Ôz‰ÜÆ‚BÔ3,xÇ~ÃvZeZmìX@*ëÔH?Y…ƒ	«!*gÇ~Å
ÃãÔÇ~Ðå3zZáŠgCÎVÐZzgQzVÆZ�ÛZiZ]ÐµƒC¶?

FZq-™õZâYÔ�øg}gzi%{Åi0+Ï~ZEw~WD�Ôz{
(Polish) zZ¢š5é GGS²9¬Šg]~Y0+ZgZâYÐZEw~WD¸XÇ~Å0*×

ÌQ7!*CÙÆ0*ãZzgyZ! (Shells) ÜsQkÅZq-VwìXQzVÆJ¸w
Ô (Exoskeletons) ZzgÛzãeJ‘ (Shells) Ðôpgnp�XQzVÆ̧w

**ò6,z”Ð¢ogT�Ô�QyÃ8™*ÆƒÐJ¥V Sclerotin Zq-

LQkÆ Covering ~Zq-¯D�XSkÆ´z{ÔZq-Q}Å™õg6ŠZg
g8-Zzg®Ã»ƒä7ŠîìX

™sîgÐÔSyÓx»Òpgnpƒñy~�ÛéÆÂéÔÛzã¥V
™äZzg™«™äZEw~WD�ÔZzgZ¤/z{gnp�ZbZñ Covering ÃÔ

F,0ÌéQyÆ�QzV~0*ñYD�Ôic*Š{OW,±è NEƒD�X

(Lotus) /ÚZLW\ÅÌð™äzZÑ.w
.w»7ŠZ)Zq-CzZR,ÉÐö L(@*Ñ1VZzgLVÆµ)−z(Æ†Zzg

AZßŠz~QIHìÔ@*ë!*z�ŠSkÆÔSkÆíå™sd-¡ç NG}ƒD�X
YèZ#LgLÐgN*¤/Š»fg{Sk7Š}6,¦ƒ@*ìÔz{7ŠZ¯g~îg6,ØÃ
w•ŠêìÔgZ{Šïƒñ¤/ŠÆfgZ]Ã¦ƒäÅZq-ºm£x6,Ô',‚]Æ
¢Z]�êV6,7,D�ÔÇYD�QÏ£xJ-@*	Sk§b¤/ŠÆfgZ]
eRYD�X.wÅt{¤6,>Ñzq™D�»x™**	ùZ,E»g
™**ec�!*glÆz‰ÜÔêVÃŠð™™s™nÔic*Š{QÏ§&Ð‰.wÆ

BCìÔäZq-yw ISPO í™D�XSkïÆ³~ÔZq-̀ðv�
ìaZHåX Lotusan ÌT»',Z&+**x

-g\ZzgZ¨Åâg–~Ô»g™Š{ÌZq-ŠHg‹Æ‚BWc*å	z{gÇ
Æª%Ë Sand Blastingc*Detergents Ç™sÚ0*õ‚wJ-%Ë

Ý«¿—c*gèÖÐX
¢zg]Æ�Ô¹‚g}Y0+Zg¡~)8({‘gnp��QyÆ

Ûzã¥VÅ™¦™D�XSk~Ãð—7Ô¾»Ô	:Â.wÅÛzã
‚|#Zzg:QzVÅg8ŠZgÛzã6,]�&+Z]pŠQzVÆZLZ§ZsÑðYC
ìXtY0+ZgÔ�ZdpZmz{ZL~gnp�ÔÐ**zZ<ƒD�XtZvì�
Q7Ô‚BQyÆÓxS:]Æàz‰ÜaZ™@*ìXZq-We$ZvÆðÅ
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»gv~ÃSyÜ]~7™Cì:
LLz{qŠ',hìÔaZ™äzZÑÆXÇÇ¯äzZÑì)ªCÙqÃ

ÕÆ�¯@*ì(ßg]¯äzZÑìXQkÆZiZi**x�ƒq,
QkÅÄ~ÑgT��	W�âV~Zzgi}~ƒC�Zzgz„i',Š„

(24 )Îg{ZáÔ ìXóó ÕzZÑ

/7Š}Zzg5ñR,eiZí
eiZí™**ƒ@*ìÔ (Zero Impact Car Model) âew ZIC Z#QkÅ5

ñR,vÔT§bÐãzZáZzg"ãÆŠg|#pŠÃ�ápV~„ FiatÂ
™fe�QÏÒpÐñR,ÅeiZíÜ™D�X

eiZIkZq-gK*gÇ{�gzZôÆÇh~ÆŠgxyZq-aç L}Ð
Šzu}aç L}J-¯D�ÔZq-QÏZ0+Zi~‰	Zq-7Š}Æ!~ÔZzgQk

gÄghD�@*	Çh~ÃQkÅŠg»gÂZ**ðÃ½ÅYnXÇh~ Batteries zZô~
G‰¸Šg|#Å!’q-Ðš~ZzgÇ‰	ZÝ7Š}~Ô aZ Æ_54øGH

~XÇh~»¿ÔßÅ (Channel)
_54øGHÎñ‰¸!*Z°Z„gK*gÇ{

Å‚|#Å§bz,„‰«g~c*«g (Honey Comb) HVÆ9Ÿ0î FG

�Zic CìÔ ¯ ÆXt‚|# Seaweed ÆŒÛd$"y6,aZƒäzZÑ(,ZZ5ª
−Zzg¢oŠzâVÌ]gBbìX

Zq-ì‰ZIñ!*L)ßY~�ZiZŠZ:îg6,¹„].h+Šgc*:V»
bCÙ{™D�ÔZq-‚Š{¦JŠg|#Ô�Šg]~0*c*Y@*ìÔDÙZgzV‚w¬Æ
¬„ŠyÐz�Š~Wc*åXóóZ+C42.ç

E
EGEGkZzgeiZIkÃZq-!’q-»È�ÛZëHåX

Zg»YIßv�ìw™D�	i0+ÏZ·tÆ³~z�Š~WðìZzgQkÆ
— ZDwz‰Ü*gä6,aZƒñÔ̧å‡JgÅ‚~w•5+k,ƒD¸

Z,ZzgZÏ§bÆzZu]»JÜÂ0*D�X

ùZK̈yßvZL~ÅgZzgÂù]gnpƒñH�¹¼7ŠzV
�	øzxËÌf;-$c*¥â]ÐƒD�Ô�	85Âî

G
w•Ì7Š} —Ð

Zzg¿~7ÑMh��¼	z{ZzgÌZ}òqÝ™äÆnH — Mh�
�?XS:]»7Š}ZzgŠvZ�xbCÙ{™Mh�Ô"—ÔÅzŸs#
Z·‡]Ð7ƒ$ËìX�gðÆoÂVÆÔz{Zg»YIzVÆnZq-zZª
îg6,ÍLÅqªÅúÒÏ™D�X
/7Š}�ç}ÆZ�ágZ]Šï�

ŒÛd$ŒÛd$CÙÃðìw™@*ì	7Š}ç{»£¨™äÆ‡.Þ7
n ƒD�ÔYèz{W‚ãÆ‚B#Z]ÔZÑgnÔl0+zVÔZzgŠvY0+ZgzVÆ

eg{0YD�X@*ëî]SkÆ',ÜseC�Ô	7Š}SyÃpŠÐŠzg
gppÆnÔª]Z0Õ<V»ZEw™D�Ô85Âî

G
ZLŠ7VÃ¦[Ì

™fe�XQ}³VÃZLÐŠzggppÆnÔVwÆîg6,Ô7Š}‰
Zz‡]vyg‚y

².1¹Òø GaZ™D�ÔZzg‰ßgÂV~ÔZ,
².1¹Òø G�Šzu}

ZK§sq�ÔaZ™D�@*	7Š}Q7ZCDg¯ÃX ¸g]¤/zVÃ
"—Ô¹„!ƒD�XigZ�ì~Ô|~ÔSk¹„ Tricks ŠzâV

ðÆâ¾ 	̀ »gWæÕiÅÜ™äÅÃlYg~�X�**ï̀:yÔ
Zñ

².1¹ÿ Gâj1]~7Š}ÅæZ¢š-ö
EG745½ø EEH6,ï™g;ìÔSk!*]6, ö7-ZŠZg{',

¢g‚rì	Z¤/tf;„Õioƒîg6,ÜÅYCìÔA$w~ÔigZ�
n{±è NEZâY6,Nzw™äzZá)iCÙYZDwÃ�ÛZëHYYìXZ#n{ÁZâY

ƒ@*ìÔÂ‰7Š}:Zy5+k,**xC
².1¹Òø G{g`™D�� úÐ (Pests)

ÆŸ~ZL Pests ¸g]¤/zVZzgZY0+ZgzVÃZK§sgZá™D�ÔZzg�
Z�xÃÔZ0+gÐ Pests ~aZƒD�Ô Pests�Larvae Z&+}Šï�X¶

ÃyZ[™ŠØƒD¸XZzg (Crop) „{g`™Šï��ƒYå	‚g~̀
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QkÆêVÃ3gì Pests ZYy0*@*ƒ	 Š Z,
².1¹ÿ GÆfg=»Ètƒ@*ƒ	7
�XCÙ7ŠZZ(Zq-ZÑgxS�ág{)W(SkzzÐ7Šêì	z{Y}ì	ZkÆ

Z0s Past íz{Åg;ìÔÉSkÆOñ�gZq-�Z[Æ	
².1¹Òø GÆZW,Ð

Æ{g`ƒäÐXZ¤/85Âî FGÒîg6,Ôt1„CÙ!**‚ŠZƒ@* (Saliva) ~Å›é N[
ìÔz,zZ¢š5é GGS¼Zq-ÕoÅ®ZŠ6,̈g™**Ñixƒ@*ì:

6,
².1¹Òø GÆZW,Ã&ì? SalivaÆPest ù7ŠZÔ (1

Æ¸g]¤/~ÐÖgZ0*áÇ²z{ZÑgx» Pest ZY}ì	z{ Š ù7 (2

WŠêì?
ù7ŠZYy0*@*ì	S�ág{�z{ŠêìÔ¸g]¤/ŠyÃZL§séáÇ? (3

Ã@*	z{3Ã Insects H!*]zzk�ì7Š}Æn−Qk»W (4

7Š}ÆúWzgâVÃ?
�S�ág{)W(7ŠZŠêìz{ƒ@*ì

².1¹ÿ GOñSkÆ	z{]4/õ NEEÐm (5

X Æ»xWD�Ôgnp�¹„ë{‚|# Insects g‚rƒX
².1¹Òø G�

Zq-ÑÏ{òc*tSkÆÃgñ!~g{YCìÂÔZzgWZK&¢A
ÅYìXù7ŠZSk§b‡.Þƒ@*ìgppt�{§iSk

².1¹ÿ GW~?
"—Zq-ö.$Æn**eƒ@*ìÔ%Zq-f;-$ÆÔîZq-

ç}Æiï%6,Ô
².1¹Òø GÅ=ô™äéZq-‚bŠZVÆÔ85Âî

GWaZ™ä
Z(Zq-%“Zzg`ñgppZq-µ/ÈÕiX¹„¬îg6,Ô!*ßZôîgÐ
Zq-ŠÔÃ¦[™¢8ÔZdf†»»xƒ@*ìXZ+f†»qï‡ŠgÇÔZvƒ@*

ìÔ{ÛìöÛ»‚BQyÆ"ÍS:]»�!’q-Q¸g@*ìQy~
™ä�¼	z{ZLW\ÃôpgppÆn™Mh�X

Ð0ïZq-(,~ (Biomimetics) ZknÔqD¡~§»CÇ
ÃÒ~̂zsìÔÜ™äª]Z0f;-$ÅT»ZvÓxY0+ZgzV~bCÙ{
™@*ìX

>»Zq-¤/z\ZÚDWnWsS$h»4ø
EH‚Ûc*ßYZzgZkßYÔ.z!zK

ŠzâV~Zzg',&4èGHEÆZŠZ{Zg"5ÿ GE™Z:ïÆÔ�áÆ−Z̧q-Nģ],_·
Šzg™äÔQyÅšä‰Z0s Pests Zzg‚gÃÐÔ (Maize) Skñçq6,Xh

ÐQ7 (Crop) Ãz{3ÃÔZzg̀ Pests ÃQÇc*å@*	 Stem-Borers ‰	
ÐÐ] Stemi-Borers ïwNÃX”V~z{Z,Z0sQÇD¸�

™DƒVZzgZQzVÃZK§sgZá™D�XZ,XRV~Ôz{0*DÔ̧
Ðic*Š{Á 80% Ð½}ƒDÔ̧ Stem Borers 7ŠzVÅ‡.ÞÒp®ZŠÃ�

ƒYD¸Xt‡ŠgÇZvƒ@*ì�Q7aZ™@*ìX´z{Sk"VwiÆ�
7ŠzV~x@{Å¶̂ÔZzgÌWÐSkZ:‡]ÅgZ�~iaZ™@*ìÔZ%MÆ

Cater **ò³VÆ Manduca gc*„~I!*ÃÆM7Š}ÔZq- UTAH

**ò̧ÅZq-%̈[ G. Pallens Æú»‚o™D�ÔSyÆZ&+}� Pillars

G. Pallens ½ZƒCìX]ì:Zy5+k,
².1¹Òø G»	�I!*Ã»7ŠZ{g`™@*ìÔ�

ÅM®ZŠ‹ Cater Pillars **ò̧Ã7Š}Æ0*kéÑ@*ìÔZzgSk§b
ƒYCìX

eiZí( Fiber Optic gCg6eiZí) w /«gÅ�Zð~
**òZ!Z@ÆZ0s~ÐZq-Ôg‚rìZq- Rossella Racovitzae

ÔgzÝÐgÉðqÝ™äzZà�g (Spicules) �JÞÐâ—Zg¾ú‚854è
EG

G

Fiber ÆƒC�Ô�	"—].h+)ßY~ZEw~WC�X Optic Fibers

Ô¥â]ÅzWlZgzVÃ��ggzÝÆØzVÆSy~7æ{ƒD�Ô Optics

Ã Laser Light i',Š„Ã+VJ-xîg6,v™Mh�Xv™Dƒñ
~ÔF,c]Ãe¯@*ì)©àîg6,(,} Fiber-Optic Cable ¦ñZq-

ÐX|~ÔZq-@*g�Zq-!*wÐ Cables \:6,£¨~©àZâYÐ¶
ZL~�e:DÙZgZWzZizV Optic Fibers ic*Š{ŠÜƒ@*ìÔg‚rìZq-Î
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ÆZ0sÔ�Q}Ô@*gq-dZzªâÏ Sponge v™YìXt ChannelsÆ
�ZÇV~ƒD�ÔW‚ãÐgzÝÃ¦™äÆ‡.Þƒ@*ì�	QkÃÃ¦

Æ»ŒŠZĝÆ Optic Fibers F,IÆnŠg»gƒCìX]ìQkÆ
(Sponge) XtpŠZ@ g= Q¸gzV»ÔZzgz{ƒD�ZLâjwÆngzÝ»Zq-f

ZzgŠvY0+ZgzVÃÔŠzâVÃ‡.Þ¯C�Ô�	ZKSk&¢AÐÃZ+{qÝ™D
ÐSponge �¦™äZzgv™ägzÝÃZK’ÆnXZq-ïðZzÔpŠÃ

Îñgnp�ÔZzgQkÐgzÝZK’ÆnqÝ™D�X
qD‚ßVÅ¹„F,¹c*C)ß;.çEGE~ÐZq-ìX ÔFiber Optics

` ÆQy”VÃÎg (Sky Scrapers) Y0*2Z
+C42.ç
E
EGEGkSk)ßYÃ†1kqgÂV
Å™âVÃv™D�Ô�!*Z°Z„gzÝqÝ7™D�X(,}°Ð�Zq-

ÆFiber Optics Æ¿~!3›4è NGGEƒD�ÔÎg`ÅÃúVÃ Sky Scraper

Æaç LzV6,%Ãi™D�Ô�A$¤&½ø
EYÆ85Âî

G
¹„@*gq- Transmitters

”VÃÌgzÝv™D�X
¢akÅ�Zð 200@*100 ÔdZzªâkÆ)gzVÐŠzgÔÃð Sponget

~Ô',ÃãÂŠzVÆn˜V	zZ¢š5é GGS7g}îg6,@*gO~ÔgLìXÎg`ÅgzÝ
Optic SkÅ’ÆnS•ðZÌÅqïƒCìXt}.ZÅ‘tSk!hÏîÅ;ð

Æfg=™©8ì�Îg̀ÅgzÝÃZq-¹„OW,±è NEZ0+Zi~¦™fe�X Fibers

Fiber Optic ‚bŠZVª]iŠ{�	Zq-Y0+ZgZEwHƒZƒ@*ìÔ
ÆZßwÃÔ�ZEw~W@*ìZd&»41¹ÿ

HEGØVÐÔz{ÌZ,Zq-âjw~Ô
Polymer ÔZq-}oZ

+B2.ç
E
EGEZzg Ann M. Mascher *¸‚J™zh‚ßVÐX

âCÙzZd-Eg;»ÔSyÜ]~Òyì:tŠH!*]ì	z;V6,Zq-‘t Fiber

ÃÁŠ6,ÔSy"Vw}oS:]Æ Fibers Z+Ìì�aZ™CìSy
Zzg4îg6,ZiW:S:]Æ‚BX

Òy™@*ì	Sk Brain D. Flinn zZd-Eg;ÆâŠî‚bŠZyÔ

ÅZd‚|#Æ!*g}~:tZ+Ãðq7ì�	z{gÄgì�8 Sponge

‚wÆWÐÅ 20 ñ"5»4jè
EGGIE~WäzZáŠzc*&‚ßV~XtZ+qì	�
ƒ$ËÔìX

tÓxzZã™D�	Y0+Zg�Šg]~gnp�Zq-(,~®ZŠâeÖÅÔ
SK̈âVÆnXt‡ŠgÇZvÔìTäCÙq»eiZí¦ñ4+¬]Æ
‚BHìÔQkäÔSK̈+MÆnÔSyeiZbÅðÅì@*	QyÐZZzg
¨gg™,Sy6,X

6	SyWc*]~ªCÙHŠHì:LLšµW�âVÆZzgi}Æ¯ä~
ZzgPˆŠv}gZ]ZzgŠyÆWäYä~ŠÑb�ZI=ÆnÔXÅ
qªtì	z{ßvZv¬ÄõWÃc*Š™D�9}ÌÔÆÌÔgeÌZzgW�âVZzg

ÇgW\äSyƒÃZgÆ zgŠ i}ÆaZƒä~̈g™D�	Wñøg}6,
7aZHìÔëW\Ã0*À{B�ÎëÃ±Z[ŠzicÐXkXóó

(190,191 )Îg{Zw/ZyÔ

//
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ŠZ!*[

/�!*¾Zzg8ïELHS
+C4ø
E
EEŠg]~

ÇÐ½ãCÙÃð�ñR,Çh-V~Špg‚rìÔ�!*¾Zzg8ïELHS
+C4ø
E
EE

ÅZÌÐzZ<ƒ@*ìXP„Ô¾qwÔŠg]~ñ�Š�!*¾Zzg\#S
+C4ø
E
EE

ÐzZ<ƒD�X�¹„ZdeiZbgnp�£¨~QyÆ�SK̈yÆ
;ðV¶ƒD�X

�!*¾?Ã!*e~~�k$+%»ñµ�ÛZë™D�@*	Çh~»ZEw
¹„ZqÆ‚BƒnXŠgC�!*¾Qy„ZßßVÆ‚B»x™D�6
	z{Çh-V~ZEw~WD�XªVÔVwÆîg6,ÔZq-ŠgC�!*¾»

�ÛZë™@* Three-speed Gearshift ZEw™D��	QkÆÏVÐÑ
ìXZkÂx»]ìÔí¯g~îg6,WÐ(,|$Ëìc*¦ñgëg~NÌƒYC
ìÔâgDƒñZLÏVÃ%èÅZKgëg6,²z{ƒZ~ƒCìXñR,Çh-V

J-XZq-Çh~Ã Wheels ~ÁÐÁeg�»ZEwƒ@*ì$+%¤‰ÜÃZ”Ð
ÇeàÐ`**Qkz‰Üeƒ@*ì²Üs�kZq-ÆẐq-ZEwƒD
�ÔÁ�ÐZz‘�Å§sÔZzgúfeƒñŠz!*g{XOñ�kÆÇh-V~Ô
�	ziãZzg¹¼(=ÍD�ÔªVgnp�Zq-}2xÆ�=Í@*ì(Ã
ÜsPZq-kB¢akÆX]QyÆZzgic*Š{L}2xÆÔªVZLÓVÃ

ÌW‚ãÆ‚BâgMh�X
Zq-WÐÅ§seªÅ̧]»ZEw Nautilus Zzg Squid Octopus

Zq-{mQßw»ZEw™D�X Jet Engines ™D�6	
Squid tKÆn	Çùţ]ZW,Z0+ZiƒCìÔìw™D�	
20 ú¢ak) 38 ÆYäYD�Ô0*ã~ Loligo Vulgaris ÆZ0s��g

é(°‚ÅgëgzVÐ™̂Mh�X
ÆOctopus ÔSkŸ~Zq-Ñ�Z[VwƒCìÔZq- Nautilus

xËƒCìZzgZq-˜iÆZq-\#Z”ÐSk»».ÞHYYìXtQkÆu
ÆnÅ§szZµ**àÆfg=0*ã©8ìZzgA$0*ãÃ!*CÙ¥ìXZ#	0*ãZq-

Šzu~‚~WÐ(,kìZq-ZzgÚSy‘‡] Nautilus „‚~Y@*ìÔÂ
ÅÔ‚bŠZâVÃg—™äÅ§sâb™Cì:

QyÆŠgC\#Z
+C4ø
E
EEÅÔ�}«gÆ—Š!*îÐ)ZW,5+k,~‡ìgS

ìX´z{Zi,ÔZzgÂé�Q7w•»ñµŠï�Ô)©à¯Zzg{ñl
ŠzâVÌ]gnp�X

ÆZdeiZíÔR$+zi˜izVZzg¯V N a u t i l u s |~Ô
Æn�gZq-âewÆ»xWD�X (Submarines)

/«gÒŠk™zh‚wŠ*)ßY
ÅÂZiãN*&½5é EGy0*ãÐ½~ƒC�Ô˜i (Submarine) Z#Zq-W$+zi

0*ãÐic*Š{ziãƒY@*ìZzgµÅY+$ez¶4ìXZ¤/0*ãN*&½3ð EGV~ÔƒZÆ
SÏ&½5ë HE»ZEw Nautilus Š!*îÆ�{àHY@*ìÔA$W$+ziRW[6,W@*ìX
ƒ@*ìÇ‰	 (Organ) ª»6ŠZg� 19 ™CìXQkÆŸ~z;V6,Zq-

!*bg*ÆË{ä 38 Zq-ó̃g‚rìZq-@66ŠZgÔSk6ŠZg�ÆZ0+g
— ƒD�Z70*ãÐ{à™äÆnQkÃÌƒZÆŠ!*îÅ¢zg]ƒCì
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SkŠg»gƒZÃ¹VÐ0*Yì? Nautilusp
Zq-ºm’ZLŸ~aZ Nautilus ÆfgZ$šð JVÐÔ Biochemical

~v™@*ìÔ˜VÐ0*ãÃïs (Chambers) ™@*ìZzgSk’Ã{âV
ÃÔ̈©ÎD Nautilus ƒņ̃]QYwÆŠh=ZK¾ZÅ~!*‡°ÏÑ@*ìXtq

c*RW[6,Wä»ñµ�ÛZë™CìZ#LDg™**c*Šzg¸kHƒ@*ƒW!¸g]¤/zVÐX
Zq-W$+ziôpîg6,�Ã»»xÜsegÎ¢ak�ZðJ-áMh�Ô

¢ak�ZðJ-QF,YìX 450 »mƒ@*ìÔW‚ãÆ‚B Nautilus ˜VJ-
Z+Zq-�ZðFZq-Y0+ZgzVÆn¹„ç**uƒCìX@*ëSk

)OW,gLìÔQk»¸w0*ãÆŠ!*îÐIU70*@*ìZzg Nautilus Æ!*z�ŠÔ
QkÆŸÃÃðvy7(ìXŒV6,Zq-Šzu}Zë`6,̈g™äÅ¢zg]
ÑhƒCìX

¢akJ- 450 g‚rìtÂxÔ�	',ŠZ“™YìŠ!*îÃÃð Nautilus

QkŠyÐZ#	z{aZƒZåXùz{pŠÐSk‚g~{m‚|#ÃeiZí™Y
»g™Yì’qÝ™ä¢zg~ƒZÆŠ!*îÃ Nautilus ì?pŠÐZLîg6,

{à™ä0*ãÃQkÆZL6ŠZg@6~Ð?t¬îg6,**eƒ@*ì‘tÆn
Y'	’aZ™äÆnù

².1¹ÿ G$™)ÿ
G

ðHY@*ìÔ¹ÁŸ~¯ä
‚½VÃ�¢zg~ƒVZ�xŠ¶

².1¹ÿ G$™)ÿ
G

ÃÔZzg:	™ä‚|#Zq-@6Å‡.Þ
',ŠZ“™äFZq-H0*ãÆŠ!*îÃZL9X

tZdeiZíÔZv»»xƒ@*ìÔz{"Íîg6,CÙqÃðHìÔ%Ãð¬
Ð»g™Š{âeÖÆX

)5§&»{Û(ªCÙƒ@*ìŒÛWy~: Al-Badi Zv»**x
Æ LL5§b6,¯äzZÑW�âVZzgi}»ÔYðƒYìSkÆgCqÑèSk
(101 )Îg{ZÅxÔ Ãðúg]7ÔZzgZkä¯ðìCÙqZzgz{CÙqÐzZ<ìXóó

//

aå!*[

ZzgZg¬�á]»ZEw™** (Waves) /ñ�V
Å̂~ƒZZzg0*ã~Ðw•™CìX� (Waves) WzZiñ�V

zZ:ß¦�Z¤/z{Ë—Ð”ZC�XZ¤/?¢zg~)ßYZzg¥â]gnpƒÔt
zZ:ÍzZàñã»°¥â]�ÛZë™$ËìQk—Æ!*g}~TÐ	z{

ÐÃ,ÔQkÅ�#ÖÔZzgQkÆw•Å (Source) ”ZC�Ô6	Qk»â~.
‚ZzggëgÃeCìX

t)ßYÔZâY»Ø`äWzZiÆfg=Zzgñ�V»Š!*î�Ûzr0*ð¶
z,œ~~ÔzZ¢š5é GGS¯Y£œÆnXp°iâ:Ôtez"ƒñ˜izV» 20

Ø`äZzg«gÆ�Ûl»u»g™äÆnÌZEwƒCìX¾TÔ
�3‚w¬Ô²9¬1SK̈yÆSk)ßYÃŠgc*Ä™äÆÔŠg]~
Y0+ZgZEw™gìW̧zZiÅñ�VÃ;ñgnp¸Z§Zs~QyÆ@*	

X i0+{g{Ã
eZÅ¨4ø

EE
ÔÆŠhkÔMVZzg6,zZäÔQ}ígnp�ÓxtÂxÔ�Y**

ÆÔZ#Ð	z}aZƒñ¸XSkÆ´{ÔQyÆÂé Sonar Y@*ì�g
¹ic*Š{ˆkZzg»g™ŠƒD�£¨~QyÆ�ZEw~WD�W`Æ
SK̈yÐX
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ÂxSK̈ã)ßYÆuzŠÐ¹WÐƒ@*ì Sonar /ÆŠhk
ÆSonar Âx~ÔÆŠhÆ Sonar æZ¢š-ö

EGYÔpŠÆZL U.S.

QßßVÃ¿~Ñ**ÑzqHåXZq-**¦/k,§iÔR«gÆng�zZÑR$+zizV
»Ø`ä»XZ%MÆƒÐic*Š{YãTãG̃ß~Ð (Submarines)

æZfäZq-– Y **òx¦/+~’Zq-g7gJ_.Ô 'Science' Zq-
™Š{ñZi:ghg3ìSk6,Z7½ïEHÅZŠZðÆnX

t¬Ð„Ô²9¬Ô¥xg;ì	ÆŠh~�}Z0+ƒ}~ZCgZ3
ÂxÆZEwÐÔ¥x™fe�Xqw~Ô>äeð&+| Sonar Z§Zs~Ô

ïÑì6gZizVÃ	ùz{ZLgZ3»ØÎfe�XQyÅïÆ_.ÔÈg}
ÑÄÍæVÅ̂~?Šg 20 ÔZq-]~ Eptesicus Fuscus Q}pgÆŠhÔ

B¢ak 0.3 9ÚWzZi,ïmì´z{Zi,Ôz{SyÍæVÃÔZq-’q-ÆÜs
ÔSK̈yÐ¯ñ‰ Sonar z²VÆ‚B™YìXSyZ°ZŠÆ_.ÔÆŠh»

Æ£¨~&±5é YNEic*Š{̂kƒ@*ìX Sonar

Ô˜igZãÐ0&6VÆZzg…@*gO~QhZy Sonar ÆŠhkÆ
Æ!*g}~Ô¹¼2C�X¹„ˆk"zVZzgWzZiÙ!WÑ]Æ‚B
î]Åˆ��ÅàC�‡.ÞÒp¥â]!*g}~ÈùÆŠhkgZÂV~
ZLDgÅˆl~QhC�X

ÆŠhkÔŠgxã¸]ÅƒZ~Ô�V„Ñv÷ÐQ½@*ìÔSkZq-
Ãñ$ËìX‰ÆŠhkZLDgÃñäÆn85Âî

G
Äh~~ÃŠ7,D Insect

Ã�½{?ØÆ‚BƒZ~ƒ@* Insect �XtÃðW‚y»x7ƒ@*ìñ**ÔZq-
ìÔZEw™DƒñÜsFƒäzZáWzZiÅñ�VÃX@*ëZ¤/?ìw™D

Äh-VÆgxy}ƒ@*ìÔZzgWzZiÅñãÓxQkÆZ§Zs (Insect) ƒ	Ñ
ÆêVÐ”Z™ÔzZ:WC�ÔÂ?¤/Ä~feƒQÐÔH¼OW,Á»xƒ@*ì

�ÆŠhzZ¢š5é GGSZ�xŠêìX
Z+Zq-ßg]~ÔÆŠhkÔZ§ZsÆ!{iZgÐÍæVÆZW,ÐQy

ƒYäÐgz1ÆnÔZK±WzZizVÃÁ™fe�X@*ë (Confused) ÆZF
pŠÐÔtÕi»°7ƒCì‡.Þ¯äÆŠhzVÃÔZÐZŠ~îg6,ÔZâYÃK

Šg9ÍæVÆWäzZáz‰ÜZzg‚Æ×™äÅÌ ø ÆnÔYèQ7
¢zg]ÑhƒCìX

»Ì Sonar ÆŠhkZ#z{0*ãÅWÅ¾nÐ0*ã6,ÐQhD�ÂZL
ZEw™D�ÔZzg¼ßgÂV~Ô²i~ÐDgÃ¤/Ä~¢8ƒ@*ìXQyÅ
âCÙZ:wHC&¢A4+Z0+Zi~Š@Y$Ëì²ÆŠhZq-Šzu}»ù™D
ƒñŠ3ðŠï�XBƒñ	ùz{t™D�…ñµŠï�aZ™ä»

¥â]',Zñ S o n a r Zq-zWe:6,/aZzZgzVÃÔ{mîgÐWÑ]Ô
ÂxÅÌ Sonar ˜igZãZzgØÎäÆnXZkÆ´z{ÔÆŠhkÆzWe:6,

W`ÀÜÅYCìÔ»âVÅÌðÅ)ßY~X6	ëäŠ¬ìÔY0+Zg
ZâYÆpZmëÃZ+{QVD�Zq-¹(,~®ZŠÆ§i;ñ¿~XZq-We$
~ÔZv³Z**]~ZEÑ]Å§søg~ÂzÃKzw™Z@*ì:

ZzgLLvg}na0*-V~Š·y™äÅ!*]ìÔöD�ë?ÃQyÆ
ùÅqÐZzgvg}nQy~¹‚g}ÃZ+}�Zzg¿VÃ3DƒXóó

(21 )Îg{Z>ëyÔ

)ßY Sonar /eZ:ÆWzZiÅñãZzg
ÆY**Y@*ìÔeZ:‰ Melon Zq-Sà�ÐQkÆu~��g

S-S-'Zq-]~Ô¡w• 1,200 Zz‡]aZ™YìSã‚g}Sã	
Š¶ÐQkÆuÃÔt‘tSyS-S-ÅWzZizVÅñ�VÃT‚~eìz{v
™YìX
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Ð”ZC�Ôz{FƒC�Zzg� (Object) Z#WzZiÅñãZq-—
�eZ:Å§sXÍò�—ÐFƒC�ÔeZ:Æ−„}Ð*gD
ƒñŠgxã»yBìÔZzgz;VÐ

(Ÿ-@î EGE~YCì]ì(,~gëg»	T6,t
!540î NEGE›ëÅ=ôƒCìÔ¹9ZzgZW,5+k,¥â]qÝƒC�XÍòeZ:Ã
w•Æ‚»Ôgëg»Zzg—Å�#ÖÆç»ñµ«™C�6	—QyÃ

Ð”Æ³~@*W,ŠîìX ÍæV
SkŠgˆkƒ@*ì	z{85Âî

G
Zq-zZuTÃZq-‚g} Sonar eZ:

ŠVÆ9Ÿ5å ENEHÐÙ|#™YìXz{e{ŠJCjyÆŠgxy×™Yì�	
³¢akŠzgƒD�X 3 �~@*gO~Zq-Šzu}Ð

ÆY**Y@*ìÔZEw~W@*ìÙ|# Sonar qDŠâV~W!��g
ÃZzgQyÆ4VÃ˜izVÆÒpÐZzgW$+zi¯VÐX Targets ™ä

ÇÐQÏZßw6,»x™D�6	eZ:ZEw™@*ìX Sonart
-Eg;6,ÔZq-gz!*^6âjßVÃÅ`ï%ÆnZEwƒä Yale

Sonar Æn¯c*ŠHåXZq-Z9pZ
+B542.ç
E
EGEJG8-6,zWÔgzðBZq-¥!*Ã̂Zq-

Å»8åX Sonar ÂxÐWgZ3Hå�eZ:ÆZEw™Š{
‚wÜsH 10 Zzggz1Àï6, Ultrasound Sonars 6,zWB�

Echolocation åÔt™@*ìÔLLëä�ZðÆ‚B_·™ä»êHì	ù
ZEwƒ@*ìŠg]~óóZzgŠÚ	Z¤/ëÐƒYì	}Ãð¶:g{̂ƒøg}
ˆ[~Xóó

ìw™z	Ãð¾?Ð	R«gÆnÔWzZiÅñãGg{Î¢ak°
]ÅgëgÐ™̂C�ÔA$?Ãˆ[ÎäÃ¹Y@*ì	Z¤/vgZW$+ziWzZiÅ

Ð�zZ: Object ]k~Ô¾ŠgŠzgåz{— 4 ñ�VÃ&ì�zZ:WCì
ßN*c*åQyñ�VÃX

ÐX Object ³¢akŠzgQ̧k 3 ?ˆ[ÎDƒ	?

eZÅ¨4ø
EE

W‚ãÐZ,ˆ!*]™äÆÌ‡.ÞƒD�Ô@*ëz}Y…
�:ÂgëgT6,QyÆWzZiÅñã™̂C�0*ãÐÔZzg:ùÔ¢[ŠbZzg„
™äÆ¿ÐXz{áÆ7º�Sy~ÐÃðZdwÃÔÓx³ZyZ(¼

™D�Yè‡ŠgÇZvQy~!’q-SkÒpÐaZ™@*ìX Behave

wgCÒpÐ$zgÅæŠ™@*ìX Sonar /
‰‰‚"543¨ë JEHEEïF,¹™CìÔëY0+ZgzV~ª]Z0&&

Šgc*Ä™gìƒD��gzi%{Åi0+ÏÆFZq-gKY]~ƒäzZá)b
Ô¾w$4-?çG

E
Eâj1C»gz!*g~ñZu]',Zñ Daroy Winslow Æi7™D�Ô

ÔSkCðÃZÖg™@*ì: Nike

TuJ-ÔZaZzZg~Z�xŠ„ÆnS:]»mì8Š*
�ÛZë™$ËìÔëÃ½™**ecÔz{zZ¢š5é GGSÑözŠƒD�X (Solutions)

&»41¹ÿ
HEGi

Ã~i¢zg]ìÅ`ÔŠgc*:VZzg&]ÅÔ@*ëSkÒpÐÎa Biomimecry

Ðc*Zq-§»CâCÙÆ‚B»x™ÆëÃGƒÇÔ7ÞƒÇZZzgZâÇÎZÑ]»Zq-
^ï LHZzgŠ9ƒÇŠg]Ã!’q-ÆnZzg‚B„ñZu]Ð$qÝ™**ƒÇX

¼Š�ÛéZ[áÆ^gì�Zq-ÕiÃ�̃tgBbìQk
ä7HåXtZ9Z7-Zzg}oZ

+C42.ç
E
EGEGkÃ§»CâCÙ,Æ Winslow Ð�

‚B»x™DƒñŠ9Z[eƒZìX
ÐOW,Ô̧‡ìHìZq-gK Sonar ¬Ð„ÔZ+C42.ç

E
EGEGk�ÆŠhÆ

6,X†‹Æ‚B¬Š~ƒäÆZq-z9ÆÔ̂ Pair Z»ðZq-†kÆ SonarÏ
wgCîg6,mzgßvZ[¥»zIVÃŠzg™äÆ‡.Þ�Zzg85Âî

G
‚$¹Òø
J

ÅÌÎZg~
™Mh�X~iÎ**geiZIkizgŠï�	z{SK̈ãwgCWç»‡ì£x7ƒY
ìc*QÚ„»g™Š7ƒYìA	ÆŠh»g™ŠƒCìXtSk~—7t**e
ƒ@*ì"ÍS:]ǵSk§bÐÔ�	85Âî

G
âCÙ+Ì)]gnp�ÆŠh
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Ô6	 Üwg]ÅÜ™ä~ÔZ(¼ÔùgÄMh�ƒDƒñZ·tÐ
Zg»YI»ìwìX

ëÃ7ÈÜec	T»	ëŒVjZ!Šï��gS:]Æz{
ƒD�zZ¢š5é GGSë{Ô!*bg*ÆÂéX)ñ�ŠÏc*yZ!ÜsZq-:æENEÅÔ»È
ƒ@*ì	‚g}Âx»**»xƒ**»x™äÐX�gVwÆÔZ¤/ÆŠhkWzZiÅ
ñ�VÃ¬�1ßUÍæVÅÜZs#7™MhƒVÂz{|~7gnp�

»ÂxÇîg6,X Echolocation

‚³ZŠ[~Ô"ÍZzgåeiZíT»bCÙ{Y0+ZgZâY™C�Ôz{
Ñ **‡.ÞfëÏÆY**Y@*ìXŠzu}ZÖp~Ô‰eiZb"pZzg"

ƒYD�Z¤/z{‚Š{̂~fGYD�X**‡.Þ+B©3ý
GE

GëÏÓxZ�x~
ZzgQyÆÂé~ÔÃtZg»YÆãCŠ~ZßßVÃZg™Šï�ÔSkÃtÆ_.
Z�xD+g+Cé GESF,¹c*CƒDYD�Ô!*ZÖpŠvQy»Iƒ@*ì	z{‚Š{qªÐ

ë{Z�xÅ̂Z(g™D�XZ¤/Zq-ÂxÃðÌÑ7gZ7™YìISk
Æ	z{7(ìQkÆWy~̂~Ôz;V6,SyÆSk§bÆìw~T»
f™Qz6,HŠHìZL~xzz7g‚rìQkÆn‡ìǵZq-ŸÆz�ŠÃ
‚Bp=VÆ�3‚wÐD+g�F,¶VÆ‚BÂñV~ZnŸÆZ

™@* Complete Zzg Refine ZŠðg}ŸÆ‚BZZŠzZg~i0+{gxÔ²z{pŠÃ
Hteƒ@*ì? — Y@*ì
Zq-Z0s±;±J-$g{YìÜsZ¤/ÓxSkÆÂéñ�ŠgT

�XZq-ÂxÆÃðÌZbZYZ7Š}Y�ZÎŠ{i0+ÏSkQyÆ‚B	å
™äQy»ŸSg»Yz‰Ü*gäÆ‚BXt!*]™sîgÐU*"$™Cì	
Z#i0+{Z�ÛZŠ¬ªCÙƒD¸i}6,Ôz{ðG‰¸ZL‚g}‚½VÆ
‚BF,¹c*CZzg7g}îg6,¶ƒñÔ6	z{W`ƒD�X

ZvZKZdðÐÓx³ZâVZzgŠzu}Y0+ZgzVÃz�Š~Ñc*ìXZk

ðÅ̧Š~ˆìZq-We$~:
LLZzgQÏäa0*-VÃ¯c*ìÔQy~vg}Yh}»Ì‚âyìÔZzgÌ

(5 )Îg{Z-Ô ¹ÐÃZ+}�ÔZzgQy~Ð?3DÌƒXóó
/ÆŠh~ZdeiZíÔëÃøg}vÃVÃôpǵe@*ì

»gHå�ZL Robot Æ>äZq- University of Edin Burgh

ÅæŠÐZCgZ3eð&+ï%ÆnZEwH Echolocation f~û»âVÆÔ
åÔÇéZq-ÆŠhÆX

ÔZzgQkÆ‚¹Vä Jose Carmena -Eg;ÆY¥â]¬)Æ
ÆCentral Sound Source ÃZq- Robot »**xŠc*åX "Robot" SkŠgc*ÄÃ
(Month) ‚BWgZ3HŠHåÔZ�xŠïƒñQÏ§i»÷6	Zq-ÆŠh»$40î NEE

Zq-Šzu}Ð¼ÃA6,e{ƒD� Fixed Receivers Z�xŠêìÔZzgŠz
ÒpZq-ÆŠhÆ»âVÆX /

ÍæV»4+îg6,ZEw™äÅ{§ÔŠzu}S:]ÃÆŠhÆÔ
ÃeiZíHY@*åX Robot f‚~g3Y@*åZ#

ÆŠhkÍæV~æZèZâYÅÙ|#ÆnZL»âVÃw•~
ÑD�ZzgSk§bÔW‚ãÆ‚BSyÆ‚tWäzZà¥»zIVÐ$™ò
YD�ZzgQhZyYg~gnp�ZzgZLDgÃDg™fe�XéÆŠhzVÆÔ

Ð¯äQkÆ}2xÃ"ÍA Sensors ÌWgZ3ƒ@*åeÑu Robot

eƒnX
»ÔtQyÅYCì	Zq- Sensors ]ìZ,ŠgC!’q-ÆWzZi

øg~vXic*Š{ôpƒYNÏX
Ultra ¬„Ð BMW |~ÔZ,»g¯äzZá‰%eöZzg

heÇh~ÃX] (Reverse) ZEw™D�egZÇgkÅæŠ™äú Sensors
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Æc*Šzu~ Car ìQy»	ÔegZÇgƒâgƒY@*ìtYy™	Hz{ŒÛd$ìz{Zq-
¥»z^Æ�QkÆúƒCìX

/WßŠÏÆÜsZq-T»Ù|#́45å NEE{
27

»
C Ô**+>.ç

J
EGc*Æ 'Petersii f!Z�ÛiÅ;¶Å**ugppzZàTÔ

Sõ(ÑÑTAWßŠ0*ã~ZK 3.9 ª) 10 ÆAWßŠ0*ã~gSìXt (80»F)

W\V»ZEw¹Á™0*CìXz{ZLgZ3»Ø',¹]½5Òø
YE

Æfg=0*Cì�
Ðxîg6,{g`ƒDgT�X**gïqÑ]Æ Muscles QkÆ™x~ñ�Š

]½5Òø
YE

{g`™D�X‰0*ã~WßŠÏ» 500@*300 °4 Muscles �Ôt
(,kY@*ìÔ¾qwÔ°4]½5Òø

YE
Æ{g`ƒäÅ®ZŠZq-DÙZgÐic*Š{ Level

Ô�;¶Å**ugppzZàT»ZEw™D (Dedectors) ƒ$ËìXÙs#à}
»',ßÆ L e v e l s �ÔZEwGYD�eö™äWßŠÏÆ

Šgc*Æ0*ãÆu%ä Stour à~XZq-0*ãÅvÔà~Ô Bournemouth

;¶Å**ugppzZàŠVÐ
"3©©-

÷
GEEGGƒäÆnÔŠîìXCÙ Ô20 Ô(Samples)

�Šgc*Æ0*ãÐ½Zƒ@*åÔ~gSìX Aquarium TÔZq-
~ñ�ŠƒD�ÔÇYD� Aquarium

]½5Òø
YE

Ô� Receptor

Ð:æENH}gT�XZ¤/0*ãWßŠ{ƒ@*ìÂT Aquarium ~�	 Computers

Ð{g`™Š{]½5Òø
YE

Å®ZŠÅÙ|#ÅYCìÔZ¤/®ZŠ(,SƒðƒCìÂÛR,
Æfg=ZÑgxWŠc*Y@*ìX

//

0*vZV!*[

/Y0+ZgZâYZzgQhZy)ßY
Ã́¹„"ÍÔ!*&¢AQhäzZàáƒCì?

Ôc*Boeing 747 Passenger Jet Zq- ÔSkorsky Helicpter Zq-
~ÐÃyCÙ{òÐ0*uÔ!*&¢AQhZy½äzZàá  F-16 Fighter Zq-

ƒ$Ëì?ZÖpÔgi+geZó~|Zq-‚³*y!*g}~6,0+zVÆÑzq
ƒD�Ô½™D�SkÎZw»Zq-�Z[ÔÒy™Dƒñ».Þ™Dƒñ

»Ô85Âî
G
Zq-)©àF,¹c*C (Aerodynamics) 6,0+zVÐÔZq-ZÛ/ƒZðwÅ

»Ô¡È&+}iVÆÎZ¼Zzg7ƒD�X Aircraft

6,0+}6,¡½ï EHQhZy½äzZàáƒD�XÃðÌÇh~ÃQhZy½ä
Screws Æn»°îg6,−ƒ**¢zg~ƒ@*ìXSk»Z:t™sîgÐ¦ñ

6,ƒ@*ì�ÏVÐÝ™äÆnZEwƒD�XtSk!*]Å Bolts Zzg
»ZEw Materials zŸs#™Cì	YVƒZð˜iÆ¯äzZáå{m

™äÅÃÒ™D�Ô�1̄¹„¢oZzgœñVÃ',ŠZ“™äzZáÔ
ƒD�XpSkÆ!*z�Š	ÓxÃlSkÑÆ”w~GYD�Ôë
SK̈ySkyZy~6,0+zVÆQhZy~6,¡½ï EHƒäÆÒpÐ&¢A~ŒÛd$
ƒä»ŠúòÌ7™MhXH?äLŠ¬ìZq-6,0+{ÃŠ}ÆÐÓƒñc*
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I”¤/Dƒñi}ÐZzœcîV~?c*Zq-6,0+{ÅDƒñZq-dcîV~
ZkzzÐ	QkÆŸÐÝgZÆWc*$zgƒ‰ƒV?6,0+zV~"Í

Ô� Wright Brothers eiZbgnp�»°ZW,ƒZ!*i~ÆF,ª]6,Ô|~Ô
ÆdÃ�g (Vulture) �gƒZð˜iÆñ].+ÆŒYD�ZEwHå´å YL|

˜iÆd¯gì¸X Kitty Hawk Zq-âewÆZ#	z{ZL
w•~ÑäQyA-VÃÔ6, Muscles ÅAAc*VÔ¤‰ÜzgBÆ

Z+S:]Æ‚BÔ�zZãîg6,eD�	6,0+}eiZíÅ (Feathers)

aZzZgƒD�ÔZzgŠï�Q7)©à&&ƒZ~QhZy½äÆnX
ÆÔŠzu}ç5]Å Planes 6,0+}ic*Š{F,¹c*CƒD�£¨~

Æ(Dove) ZzgÃ*c* ,ç
GN~ (Raven) Zq-(,~®ZŠ~X6,0+}‰	Nh~±ðOZ

!!*ic*V™DƒñƒZ~Š3ðŠï�ÔZzg'.5ë EOE
Y

',ekQhZyÆŠzgZy¤qª
~g{Mh�X

6,QF,YD c z{QhZy~ZLf‚Ze7-îg6,$+wŠï�ZzgZq-�á
�XÃðÌ˜iZ+ÃðS¤Z�x7Š}YìX

85Âî
GWƒZð˜iÆŠgc*ÄGYäÐ¬Ô"ÍeiZí�6,0+zVÐ

ZEwƒD�QhäÆnÔZq-(,~®ZŠ~ñ].+ÃOW,G¸X6	t
z,œ~~‰Z�ÛZŠzZªîg6, 19 ~Ô Movies !*]gkgeÅ¶̂Z’Zð{ñl

!*0+ñ¸y~¶ÏVÃZL!*ƒV6,ZzgcîV~ZLW\Ã²åÔ6,0+zV
Æw»]ÅÜ™DƒñX!*g!*gŠCÙZDƒñSk§bÆZdwÃÔZ7ic*Š{²9
7ÎåYy0*ä	d„Üs»°7ƒD¸Š¶Q7ZYi]ƒZ~Qhä
ÅX¡A$ÐÔSK̈+MÔ‚³&½5½ø

HE
ÔZzgïZzgaZzZgÅZ˜jV~‡.ÞÒp

F,¹ìX@*ë‰~iZ,Šú}™D��ÁZiÁZãÅAZzg)zZŠÔ)x
ƒD�6	z{ZzAñ].+H™D¸XQyÆìw~Ôg…zZáY0+Zg
D+g+Cé GES6,0+zV~$+w‰�%³zZgXD+g�Sg»Y»t{C}4,xÃðãCŠ7g‚r

ìSkn**‡.Þ@*Gƒ@*ì6,0+}Zq-7g}îg6,Z‚|#gnp�Ôi}6,
ƒZð (Feather) Å‚|#?!*wz6, Muscle …zZá‘‡]ÐXQyÅAc*VZzg
ÑÏ (Metabolims) Zzgy~z’R»gzZ×V (Aerodynamic Wings) wÅd

x¹ÌQyg…zZá³Z**]Ð7gnp�ÔZzg!540î NEGEŠúòD+g�Zg»Y»âew
85Âî
GWQyÆKã}2éÆZq-}2xÐÌÃðx¹7g‚rìX

/ƒZ!*i~~6£œ:Zq-d�$+mì̂Ô

“ƒñqÑ]Æ_.
�V„z{QhD�Ô6,0+}ZEw™D�ZLdÂ4!*&¢A

§&~ÔpŠlŠîg6,$+wfe�m�R{Z%Æ‚B‰ŠZzg¹ƒðƒZXŠzg
Å)ßY~Ñƒñ�ÔaçL¤/xîg6,eiZbÃF,¹ Air Plane�g q¢ÆÔ

Š¶Åˆl™gì�	SyS:]Ãù»x~ÑÃX
ï™Zq-EZgdeiZíHìÔ� U.S. Air Force Zzg Boeing: NSA

Æ_.�˜i~ñ�Š Data Ð¯ì�ZK̂$+wYìQk Glass Fibers

™ä Process ÛR,ÐqÝƒCìXtÛR,SkÆ´z{Ì‡.Þƒ@*ì
Ãe›W!ÐQhZyÆqÑ]ÆmÐ‰	ŠÔ½zZàƒZÅ̧]Ôz){X Data

ÔŠzu~�ÛxSkì~»x™Dƒñ_Vd¯äÅÃl Airbus

™g„��ZK^Ô“ƒñcðqÑ]ÆÒpÐÔ$+wMh�Ô@*	Zgï
ÆZEwÃ˜VJ-eƒnÁ™nX

ZCÔ6,0+zVÅd‚½VzZªîg6,eiZí»Zq-Û/ƒD�XF‚ßV
ÐÔQyÅQhZy~ÑVw&¢AÔZ

+C42.ç
E
EGEGkÆn!’q-»Zq-fg=g„ìX

}.ZäSy‘‡]ÃZhZyÆn4+ÂZ0+Zi~WgZ3HìXZvÔ‡ŠgÇÔ
øg}ÂzÃ6,0+zVÅZypzgZVÅ§sfsÅWe$~z™Z@*ì:

LL''HQyßÍVäZLZz6,6,0+zVÅ§s7ŠÙ�Ô	ZL6,
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;ñƒñQhDQD�ZzgLSÏqª~ZL%æFM\)43ïGEHfe�ÔS}.Zñ
(19 )Îg{Z<Ô gÝÆQyÃÃðåóƒñ7ìX

/ù6,0+zVÆdÔQhZy)ßYÅßg]¯ñgnp�
6,0+{ÆQhZy»_·ÔƒZð˜iÆÏVÅ‚|#~Zëp=V~

gÚ~ÅìX
~Syp=V»ZEw™äzZßV~ÐZq-Z%k Planes¬

7g‚råÔ�ƒZð˜i Flaps Zzg Ailerons Ã>å�Nzwu¢4mø
E
G‰	 F.111

Æw»]Nzw~ZEwƒD�XOñSkÆÔÇ6	6,0+}™D�Ô
ÃñµŠîìg� Plane ÃXtq Wings Ã>pg{ÌQhZáYYìZL

ÂZiy~85Âî
G

²z{<g;ƒ@*ìX

/ƒZ!*i~~î]Ô¢|Æ%æFMgZ3Å¶K0+„™D�
Zq-ƒZð˜iÆÔQhZyÆŠzgZyÔŠ!*îdÆ)g}Ã$+mìZzggL

ÏVÆ)gzV6,ƒZÆŠJg}ÔQhZyÆ — 0*ãc*ƒZÆ=g$ðFNw¯Yì
6,z¤/Zx~¥»z^0Mh�XƒZ!*i~ÆóZSm,ªCÙ™D�	Z#¢|QhZy

Zq-— (,}%æFMdÆ)g}6, — ~ƒD�Âz{ZL(,}%æFMzVÃÅs�
;BÅZèVÅ§bƒD�XSkx@{ÐÔ>ä¢|ÆSk§i¿Ã�g

Test ZzgZ7 (Ailerons) Hinges Zq-âewÆhe»ìwHå¯ägLŠJC
Æîg6,ZEw™äQhZy~XSyqzV»ZEw™DƒñÔz{Âµgnp¸	

» Nortexes Æ**ÍZgZW,Z]Á™**ÔeƒYñÇ²ic*Š{gL Vortexes pg{6,
Æ�¬„Ð)baZ™gìÔ̧ Vortexes Zq-ŸÔOñQy(,}(,}

F,KMŠc*Y@*ìX
Šg„ƒ@*ìÔZzgZ[>SÐ Idea Sk§bG‰Š!*]�á@�	t

Ç˜izV~¿~ÑäÅÃÒ™gì�X

z,œ~Å‚b**»xƒ̂¶Šgc*Ä™ä~	ƒZð 20 /

QhZyÆŠzgZyZEw™D� Insect wÅ&½5½ø
HE

Ã�	
Qh@*ìÔz{ZLÏVÃFÎ!*g°]Zq-Zz‰Æ Insect 6	Zq-
85Âî
G

ŸŸZMh�ZzgŠCÙZD�!*g!*gQyÆÏVÃ Insects ‚Bâg@*ìX‰
!*gX 600 Zq-]~

Sãic*Š{w»]Z+)©à!gëg~Æ‚BáÆº�	t
eiZíÔ)Ñ81¹Ðö EGÂîg6,»g7HYYìX

-Eg;WsOg6',µÆzuC§»]» ÔMichael Dickinson

ÆQhZyÅ&½5½ø
HE

ÃªCÙ™äÅ{§ÔZL‚¹VÆ‚BZq- Fruit Flies 6,zW
ÆŸŸZäÆw•Å InsectÔRobofly B@*åX Robofly ¯c*å� Robot

Å Fly ±5é
YNEic*Š{(,}e:6,ZzgÜsZq-DÙZgz,zÆ 100 Ü™@*ìÔ1Zq-

]k~Zq-!*gÔ`c*Y@*åÔÛR,X 5 gëgÆXz{ZLÏVÃŸŸZYìCÙ
Nz®ñR,kÐX

ÆÔáÆºgì� Dickinson ‚ßVJ-F‚bŠZVé6,zW
ZLÏVÃWÐ Insects Š!*]SkÂµÆ‚BŠgc*Ä™ä	¬]	ù

Dickinson 6,ZLŠ!*]ÆŠzgZyÔ Fruit Flies Zzgúâg@*ìc*ŸŸZ@*ìX
™D�6 (Ascillate) Æd:ÜsZz6,nZPZi Insects ä¥xHå	

ÐÔ1zZªîg6,ZEw™D�¹„ Hinge 	Z¤/z{ÑƒD�Zq-‚Š{Ð
ë{ƒZðwÅ&½5½ø

HE
ÃX´z{Zi,Ôd$+s�ZL¥cc*ŠJg}ÃCÙŸŸZä

ÆŠzgZy:dÆZz6,ÅRZz6,»‚o™Cì6	dw•™CìnÅ (Flap)

§sÔpA$d̃äìZL"g6,Sk§b	nÅR‚o™CìZz6,Å§sÔ
²dQ½@*ìX‚bŠZV=ô™äÅÃÒ™gì�Syë{w»]Ãë

Åæ¾�	»x™CìƒZð˜iÆ Aerodynamics ƒñ	gzZ§Lª
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Aerodynamics Zq-ÐiZZ+ Fruit Flies ÏVÆnƒCì**»°X
S:]zZ¢š5é GGSZEw™D�XVwÆîg6,ÔZ#z{ZLÏVÃâgD�Ôz{

ƒZÆŠJgzV»ghD��ËuJ- (Whirl Pool) ZLúZq-ë{=g$ðFNw
ÆƒD�Ô�V„dZK Wake éZq-˜iÆgh}ƒñgZ3ÆÔª

‚Æ#³‚~ß¦ìÔz{úSk|ìƒZÐ*gCìÔ¬„ÐÅð
2.5 ÆÜs Fruit Fly� (Muscles) ƒððh~ÂZ**ðÅ!*ic*!Æ‚BXgv‰

B¢aÆÏVÃŠzÎ!*g°]Æˆ[Ðâgä)ŸŸZä(»ñµŠï�Ô
Æ£¨~¹ic*Š{¤!gŒ (Muscles) ÆQhZyÆgv]V Insects Óx

!W@ÔQyÆgLq — ÆÏVÆ´z{ŠvZzg¬] Flies YD�X
Æ(ÂZiy‡ìgpp~æŠŠï�ÔZzg Halteres d)YäYD��g

Æ‰ÜÃ±™D�ÔÓxYh Flapping Motion )-WÑ]Ì� Sensors

ZEw™DgT�Sy Flies 3‚ßVÐt � �QyÆeiZíÆS¾wÃX
QßßVÃX�¼	W`Æ‚bŠZVÔWgZ3ƒD�¹„F,¹ Aerodynamics

ÆQZyÅ&½5½ø
HE

»‚o7™Mh�Ô�ƒ@* Insects c*C)ßYÐÔ7g}îg6,
ìðÆAoÂV~ÐZq-o]XQyÆn�ÎWÆ‡.ÞƒD�Ô

ÇÔZvªCÙ™@*ìZL"Vwf;-$ZzgDÃSk¶Ïí~XZq-We$~ ‡Šg
ZvSk!*]ÃªCÙ™@*ì:

LLZñßÍV!Zq-Ð!*]?ÃÒyÅYCìÔSkÃ̈gÐ]4ð NEÔ"—
XÅÔ?ßvÔ}.ZÃgh™Ô„Š]™Dƒz{Zq-gKÏíÃaZ7™MhÍ	ƒ
ÆƒÌYV¦ƒYî,ZzgaZ™**ÂŠzgz{ÂZ,¬bƒD�	Z¤/QyÐí
¼áÌáYñÂSkÐz{9¡ç FNHZÌ7MhX¾ŠgŠzâV$zgƒD�

(73 |ÙÌZzgQy»qŠÌX)Îg{ZÝÔ

Ù!*[

/ë³ZâVÐHJMh�?
CÙzZu³Zyg‚rì¼Šª]Z0S:]�QkÃð6,âZi}‰

�X‰£g~W!wÅZDwÐZ.Š{qÝ™D��Q70*ã~w•
™äÆ‡.Þ¯D�ÔŠzu}ËuJ-)czs8k5é LOGOCWÑ]»ZEw™D
�XSyWÑ]~ÐZÒX»	SK̈+M#!*g‚oHåÔc*'ÑzqHìX

‚b»Ô	¡¬]Q½gì�Sy)©àŠgc*:VÆ Biomimicry ]ì
ÝÑ]ÐZzg"—w~Ì/Ò]ZEw~WDg�ÐX
/�águÆ¢Å!’q-Ð¾ZÅÎFZzg

u:egZr-»gGYD�
Zz»¾ZÅÆ£�V~ÔZq-]ÆÎZVzÌÛAZzg;gÆŠgxy

�ÛtaZ™YìXYè¾ZÃVÆZ�xÅw•ÆÜs'×Z›gzu(,~ZÌÅ
qïƒCìÔF¾ZuZN[™D�6§i6,eiZíGƒñ¾ZÅÎF»�

ÎFÔŸÆZq-ÇÐ(,}gKÃ Fit gzu~¶ÑD�Xt¢ïÆ‚B
Å Skin Ð¯ñYD��Zq-�águÆ Fabric ™DƒñÔZq- Cover

S:]ÅÜ6,eiZíHƒZƒ@*ìX
Se)Z9ZypgŠÎÆx@Z]ªCÙ™D�	¶LLŠZ-$óóZq-
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aZ (Spirals) ÃeJb��0*ãÆÀŠ~=g$ðFNzÖc*6ŠZg Skin �águÆ
™D�Ôgnpƒñ0*ãÃŒÛd$F,�águÆŸÆZzgSk§bgzuÃÁ™D

Æ**xÐY**Y@*ìÔZzgî]�águÆ¢Ð0Ô Riblet Effect �Xt1
6,Yg~ìX¾ZÅÎF�¶ƒD� NASA Langley Research Center

6Ã$kZzgk�&»4ø
HEÆ‚BaZGYD�',ZñÃg�¢ïÆ‚B

¾ZuÆŸÐÔZzggzuÃÂuJ-Á™D�X
ic*Š{gzu~ 8% ïeCì	Z,]k¬x¾ZÅÎFÆ£¨~

¶™D�X

�gZq-âewÆ©8ì Viper ZLæZf~ USA /
Dr.John Pearce -Eg;ÆZ9pZzgÛR,Zb8-Y6,zWÔ Texas

Æ**xÐY**Y@*ìÔ_·HìX Pit Viper �4îg6, »Ô Crotalines

6,%ÃiƒCìX Pit Organs QkÅïSy‚zVÆ
ÆWçÆ‚tƒ@*ìZq-(Ÿ- î

EEZ¡[ig&ò¥/J‚Š™0îE Snake Sk
Zq-¹„ Pit B@*ì�¤/xpyzZáDgÅˆl~ZEw~W@*ìXt Pit�

SkŠg8hé Okƒ@*ì	Ô|~Ôt — F,¹c*CZzgë{wZg]8hé OkÂxg‚rì
‚,$Zq-aìÅÔ��~@*gO~ZkÐF¢akŠzgzZµƒ@*ìÔÙ|#™Y
ìX

ÆˆlZzgn„}2xÆ Pit-Viper >Òy™D�	Z#z{
ÔÂ‚,$X§hVÃZEw™@*ìz{Z(g™nYMh gZizV»ZÏs™fe�

ÐXSk§b˜´Qy™D Missiles �ic*Š{zWîg6,ôpgppoÃŠÔÆ
ÆnÔ�QhZyÆç**u Pilots �ÂñVÃ(,JäÅ�	æŠÇgƒD�

6,ƒD�ÔŠÔÆÏgzVÐ$å3ÆnXeZËckHìÔLLZ¤/ Missions

ƒZð¯`Š9eSìZK(,ZðZ¤/z{Ü™Mh�§»CÂxÅZzgqÝ™D�

e"5¿.ç GHHA$o4îg6,ŠÔÐôpg{YìX@*ëŒVJ-Ôz{ Missile Zq-4
zŸs#™@*ì	-î]Wy~uJ-ÅYCìÂQÌtÂƒ@*ì0***eÔ
',Z',~™**‚,$Åˆ9LÐ:

ë‚,$Æ�Æˆ8LÅãCŠ~îg6,âe#™D�X?¡’k]
»HÈƒ@*ì?ë (Impulses) Åeö™MhƒÔ1ÎZwQÞìÔQy’k]

Zq-°Š~âew»ZEw™D�ëƒÐì»:
ÃÑ�¢[ÎC� ]ÖÓ9†æÚn^+ß9Ô �Z[z;Vƒ@*ì'SkŠg	
Æƒ@*ìX (Pulses) �6,ZzgQk»ÈtFZ¡!’k]

ƒCìZq-¡GpyÅ**CVÐZzg¡³ÖÐ−~ Pit ‚,$»
ƒðXGSkŠĝkƒCìÔZzg�Z!ZŠZâ]~̧‹]Zã!*gq-Zzgë{	

Pit ¤/Ä~:WnZzgºSy]½5Òø
YE

ÅÔU*"$ƒCì)©àîg6,ÂX'
Photo ÆZdwÆnt¢zg~ƒ@*ì»x™**‚B**iueNK]ÆZzg Organ

ÆX Micrographs

6	tVwªCÙ™CìÔY0+ZgŠg]~Zq-Zdf;-$Zzg)ßY»
bCÙ{™D�X>Ø`DƒñŠgCeiZb»�gQyÆâeÖÆÔSk
§bqÝ™D�!’q-µ/Y]Æn�ƒYì*¸‚ßVÆZzg
§bÆƒDƒVZzgÑD�Q7ÌZq-¹„ÁF,z‰Ü~ÔZ!xÃX

ZzgÀ}�$+s�g8- (Chameleons) /ZzÏ
ÃZLâjwÅo9LÐ (Chameleons) OW,±è NE&¢A�	ZzÏ

Chameleon ZLgùVÃÔª]Zzg)1CpÎZg~ŠzâVÒpÐÔ$+Üƒ@*ìX
ZL343ï XJGG~p~Zq-Z+gëgÆ‚BÑYì�ßÍVÃ!**ª]~eZwŠîìX

**òŸ]»ZEw Chromatophores (,~'g]Æ‚BÔZzÏZL
™@*ì�ãCŠ~igŠZzgaç Ncg8-ZL~gnp�ÔSkÅZ[Ï6,]šZzgC
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Ô»áÐ�}Èg}g8- Melanophores gzÝÃF™CìÔZzgŸ]
~#èELEgnp�Ô�QkÆg8-ÃZzg�Z™Šï�X

VwÆîg6,ÔZq-QzÏÃZq-ÖZgigŠg8-Æâjw~gnp�ÔZzgz{
¢~„igŠg8-Z(g™©8ìXSkÆ´z{ÔQzÏ:ÜsZq-zZug8-Ðx¹
Z(g™YìÔÉgùVÅZq-WölÐÌXSkÆú�gZiƒ@*ìÔTZ0+Zi

Ðg8-gppzZáŸ]Sk343ï XJGGp~Å¢Æ�ƒD�ÔÌc*iD�
ZLâjwÅ_“~X

qDî]�!hé L‡akZ_543ð HGHŴs)ßYÔ~Yg~�ÔÑgBbì
Ã‡.ÞÔps™äSyÆgùVÃQÏÒpÐ Shoes Zzg BagsÔClothes ¯ä

6	QzÏ$+mìZCg8-X
>f6îg6,Z0+Zi{™D�]ÎV»�	¯c*ŠHƒ@*ì6îg6,»g
ÐÔ�F™MhƒÓxgzÝÃ�¢[ÎCìQkÃÔZzg�WgZ3ÔZq- Fiber ™Š{

ÐƒCìX Battery Pack gKÏ
Æfg=$+% Switch on the pack t)ßY]kÃñµŠîìZq-

¬g8-Zzg%ä]zV~XQÌt)ßY~i¹PƒCìX
}ÔZq-¿ÆY–Æg8-$+%ÆÑ†ŠkDÙZgeZ°ÆŒÛd$ƒC

ìXH¼?ìw™zÐZ¤/Ãð?ÃZq-Y–e@*ìZzgŠúò™@*ì	ÔLLtZCg8-
$+wYìX@*ëÃðÌY•7»gHåÔZzg:QkÆg8-$+%Å&¢AÃXz{

ƒÇîgÐpŠÐzZµƒZåXóó
¸„?ìw™zÐ	z{¿ƒ@*ƒÇ0*Éc*Q¹„rZgX!**™s

gppQkÃ!*ë5™ÔZzg85Âî
GW¬QkÆ	Ô (Tailer) îgÐÔz;Vg;ƒÇZq-Šgi~

+C42.ç
E
EGEGkaZ™äÆQkÅ&¢AÃ$+%g8-ÃXZknÔùQzÏSy%{òÆ
p=VÃáÆ¸ì?

HQkÆeiZíÂép~»ñµŠï�?‡ì™D�Q7pŠÆ

ZLŸ~ÔZzgpŠÐÓx§i;ñ¿ÃáÆº�?"—Ôtƒ@*ì¹
„)xŠúò™@*	QzÏätƒpŠÅZKWiZŠZ:%èÐHìXYè85Âî

G
SK̈y

pŠÐZ+Zq-p~Ñ**¬îg6,**e0*D�?ùZq-‚,$Zq-$Šê
EER‡ì™Y

ì�‡.Þƒ@*ƒ$+%QkÆZLŸÅªCÙ~qªÃ?Šúò™**	Z+Zq-Zd
&¢AZ·tÐz�Š~WðìÔƒ@*ìZÉ:Zzg"pìwXÃðÌ8c*¡~
}2x7g‚rìÃð¤‰Ü¯äZ,%{òÅ&&Zzg«™äQ7
Y0+ZgzV6,�	ZkÅ¢zg]gnp�X

Zq-Zd¤‰ÜxZyƒCì�ZCÙÔ‚>VÔZzgŸ]6,gÇ‘tÆŸ~Zzg
F,d$ŠîìQ76	z{eSìX}.ZÔ�QzÏÃðHìÔªCÙ™@*ìÔëÃSy
VßV~ÔQnðÅÑVw¡]ÃÔ6	ŒÛWy~7HŠHìÔZv‡ŠgÇƒ@*ì:

ZvÅ0*ÅÒy™D�ƒ�¼	W�âVZzgi}~ìXZzgz{
i',Š„ÕzZÑìXQÏÅ�ìW�âVÅZzgi}ÅXz„§]ŠêìZzg

(1,2 z„ñ]ŠêìXZzgz„CÙq6,‡ŠgìX)Îg{Z.h+Ô

ÑÄ‚wŠ*y~eiZí 50 ™zh 51 /
‚4x¦/+ÔZ%k‚×Ô~|Zq-*y~Ô U.S. Zq-g

Mummified Òy™@*ì	z{ZzgQkÆ‚¹VäZq- Andrew R. Parker

ÑÄ‚wÐg¿¶X 50 ™zh 4 ~ôp Amber Rasin í»ç¤Hå�Zq-
SkÆ%“WçÅ�ŸzZgz9Y]Æ¡ÆÈ¥V6,g¿‚|#»Z[Ï

0*ñ¸	íÅWçÅ‚|#ƒC¶Zq-¹„ y pZmÅ=ô™ä6,z{Y
Æ{mîgÐ—iZzbz̧q6,XZkGz£ÅÔˆÅ ÔAntireffector !*&¢A

ï~Ô|~ÔÂ}ƒð¶X
]ìSyŠgc*:V»ZzgŠzu~S:]»ÔW`Æ‚bŠZVSk!*]»

Å&¢A~Zzg Solar Absorbers çG�	ù(,}e:6,ZŸ†ƒ@*ì
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@*ì_5Õä HQÃÂZ**ð�ÛZë™ä~X»xŠzg W ~Ô�ZEw~ Solar Panels

Á™äwZgC (Angular Reff lection) q¢~Yg~ìiZztzZgZ[k
(Mimicry) ÐÔíÅ%“WçÅÕà (Wave) ZzgŠvgzÝÅñ�V (Infrared)

Å¥V~ZEwÆnÌ¹„ Solar Panels Æfg=Xz,tÝw
ñizVƒD�X

Ð%ZŠÔZq-F\9Zq-eiZíƒ@*ì�Îg` Solar Panels )ŒV6,
ÆÂZ**ðÆ',ZñaZ™ä (Source) ÅÃúVÃ_.[™@*ì�gZq-È

Z9$o-ö GHc*wZg]Æ(
íÆ%“Wç»¡ZKÜÐSkÆ´z{Ì7g~™@*ì¢zg]Ã

å!*Z°Z„îg6,Îg`ÅÃúV» Pannel ËWÑY]ÅSkŒÆ‚B	t
™D�¢zgÂVÃËW!Y]ÅSk ~ ‚o™DgT�XSkÆ´z{Ì7g

å!*Z°Z„Îg`ÅÃúV»fí{™äÅ{§ PANELS ŒÆ‚B	t
Îg`»‚o™D�XZ%t|ì	Üsqw„~Üðzcð)ßYÆ
âCÙ+äŠgc*ÄHìtƒZzgSkÆeiZíÅÜ»gHìÔ1ªVZLW\V
~gnpgì�t&¢A�3‚ßVÐX

Burgess Shale ZÏ§bÅZzgÌ‚854è
EG

GqDŠâV~Ì‰
ÑÄ‚w%æFNZã�XZYi]Šï� 50 ™zh 51 6,Šgc*ÄG‰�� Fossils

¹„!Zzgg8-Åwg]»ÔteiZíeCì	ÜsH¼	Zq-Zd1ìð
z{�	 — »z{ì|~!@*ëZ($+¼̧gŒYYì§s™r#ZZyÐ

ZEw™Mh�ZLf‚z:æELŠÃK	CÙq�z�ŠgBbìƒCìZvÆZ(g
~XZq-We$eCì	ùZ,oÂV»ÈQyßÍVÆn¼7ƒ@*ì�
}.ZÅfZ]ÐZïg™D�:

LL;VzZªZv¬ÄõWÂ7ÑâD�Sk!*]Ð	Òy™Š,ÃðVwÌpZ{
�ÅƒpZ{SkÐÌ(,~ƒXÎ�ßvZZyÑñƒñ�pZ{¼„ƒÔz{Â¢™,

Ð	t"—tVwÂ¹„ñµÅìQyÆg[ÅY+$ÐÔZzgg{‰z{ßv�»�Û
ƒ`�ÔÎeì¼ÌƒYz}Ôz{Â-V„ëg�Ð	z{HÈìZv»Sk
VwÐ?Zv¬ÄõWSkVwÐ¹ÎyÃeZ{™D�ZzgŒVÃSkVwÐ@Ze$

(26 ™D�Zzg7eZ{™Mh�ËÃ1Üs"T™äzZßVÃXóó)Îg{•{Ô

:Zq-7g}îg6,0*ãÃ¤/Ä~hezZàZ»ð Stenocara /
gŠâV~Ô˜V6,P„Y0+Zg0*ñYD�Ô‰Z0s¹„

Beetle ª]Z0eiZbZL~gnp�XSy~ÐZq-ƒ@*ìZq-n»È3,Z
~gLìXZq- Namib Desert B@*ìÔ�†!f!Z�Ûi~Ô Stenocara

ÅZ�á®)~�áùƒð¶Ô 2001 **òx¦/+ÆJâÞ Nature g7g^~Ô�
Òy™Cì	ùtÈ3,Z¦™@*ì0*ã�QkÅ’Æn¹„Zëƒ@*ìXt

È3,ZƒZÆW!ggZ]Ð0*ãZ~.™@*ì�Üs¾îgÐÂÐ Stenocara 

QkÆgŠãâjw~Šø7[ƒ@*ìX
È3,}»0*ã¤/ÄÂxÔãCŠ~îg6,QkÆ“zÅZq- Stenocara

{m{¤6,«ƒ@*ìÔTÅR
(Ÿ-�õ
EE

Q¸gzVÆ‚BeqƒCìXQy”VÅ
ÐeqƒCìÔz,Sy Wax R�SyQ¸gzV)')4ø FF(ÆŠgxyƒCìÔ

ÐWiZŠƒC�Xtßg]qwÈ3,}Ã0*ãÃ¦™ä~Ô Wax Q¸gzVÅa‹V
Zq-ic*Š{lZg~qÝ™ä»Zq-4§&;BW@*ìX

�q	úc*VƒCì	ùz{0*ãÃgŠãƒZÐZµ™©8ìÔ˜V6,
(Ÿ-�õ
EE(Ÿ-�õ

EE
0*ãÆgLgL¢Z]¹¢ó™YD�wZg]ZzgƒZîVÅzz

ÐXZ,gL¢Z]Ô�:ƒäÆ',Z',ziygnp�Ôˆƒñ‚B~ƒZÆ
áZi~i}ÆYDgT�XÈ3,ZZLW\Ã7™@*Z,‰	Z¤/z{Y}ìSk
!*]ÃLLq@*ìZLŸÃƒZ~WÐÅY+$]ìSkÆ"VweiZíÆÔ

(Ÿ-�õ
EE

¢Z]ÏV6,ÃgxƒD�ZzgÇæ NH¼ƒñ¦ñÈ3,}ÅRÐƒDƒñ
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SkÆìÆ”VJ-WD�X
È3,}ÆmÐ*yfs»û{ZL~�áïg‚rå: Stenocara

LL}2xTÐ	0*ãÔƒZÐZ~.HY@*ìZzg(,}
(Ÿ-�õ
EE¢Z]~$+ÑY@*ìÅ
ZqÆXóó Biomimetic zŸs#~i7ƒ$ËìÔ!*z�ŠÆQkÅ

ÆS:]»Zq-Z9ZypgŠÎÆ�ç¤ Back SkÈ3,}Æ
™ä6,Ô‚bŠZâVätgZñ‡ìÅ	z{Zq-6,¡½ï

EHâewƒ@*ì�g0*ãÃ¤/Ä~
heÆÐÆZzg¤8-7lÆÔc*0*ãÆW!0ÆZzgS

+C4ø
E
EEÆXZ,Zq-ë{

â:ÆeiZb7ÔWMh�¡pŠÐc*ŠgCzZu]ÐXZzgtZq-¶È3,}
È3,Z Stenocara cZXŠ™**ÃðÂxZ,Zq-)©àeiZí»**eƒ@*ìX¡

Zñ„»°ìU*"$™ä	øgZ{Û6,zgŠÇg„eiZíHìCÙq�z�ŠgBbìX

°œ!*&¢AgzÝaZ™äzZá7½3ð EN
YE

100 /
ÐÔN!~âbigŠgzÝaZ™D�X (Tip) Æaç L} Bottoms ZL

ZL~gnp�Ô�	 Luciferin tgzÝQyŸ]~aZƒCì�Zq-
².1¹ÿ G/**x

Æ‚B¬ï™@*ìXÈ3,Z Luciferase WxÆZzgZq-S4,Zì�Y**Y@*ì�g
gzÝÃ$+wYìÁÈÅ̂~$+sƒñƒZÅlZgÃ�ŠZ4ƒCìQkÆ

» 10% Ÿ]~QkÆ‚÷Å**CVÐXZq-**gïyw¢Zq-aZzZg~Åð Lw
ÂZ**ð»ƒY@*ì"»g�gwZg]ÆXpZq-N~Ô½ã 90% g‚rìÔZzgŠzuZ

ÂZ**ð»aZ™CìgzÝÔúÒÏ™DƒñSk¹!*&¢A§i¿Æ 100%

‚bŠZâVÆn�gZq-ÑÆX Target ‚BÔƒ@*ìZq-Ô
H¸]ZYi]ŠîìNîVÃẑsg�Z,Zq-Zz‘Åð LwÅ

&¢A~?Zg»YI¡Æ_.Ô�Z[ƒ@*ìÑÅg�ZCÙ~ÔZ·‡]~Ôc*
Šzu}Ûzã5Ëk~Ô%ËWÐeªzZàÂZ**ðÆÔT~ÐÃðÌ7�
gÄYì¤‰ÜzZªîg6,Ñzq™@*ƒ‰aZzZgu¤/òÆ‚B}.ZÅ»gv~ÑözŠ

ZzgÑVwƒCÔìXFWc*]~ŒÛWyÅÔ}.ZHì¢zg]ÃßÍVÆnZEw
™äz�;]ÃÔ̈g™äZzg$qÝ™äQyÐ�	ZväðHìXZknÔt
SK̈yÅf)ŠZg~ƒCì	ZvÆ7Z]6,̈g™}ZzgÜsQkÅ§sg�qƒVX
/Q+~šwÐR,Z’6,Z&Ð.ø E»Zq-i

CÙ‚wÇh-VÆqŠU*]�3ßÍVÅY3fe�XSkÆ]åL!*[Æ
æ¾ (Locusts) nZq-iÅˆlÆnÔ‚³™*Z[¢™Cì	Q+~šw

™YìÇîg6,Z(Zq-eg{»gXZ¤/85Âî FGQ+~šw�3Æ}~™̂D�Ô
ïeCì	z{LZq-Šzu}ÐƒŠx7ƒD�X�Z[Ô	ùQ+~šw
Z(™äÐ¤/m,™D�ÔZq-7g}6‚³Q¬ÃÅ%ÅgÉð™@*ìX

Š!*]ç™D�	Q+~šw¬�Z9uWËZzgÆŸÃ�Qy
ÆŒÛd$W@*ìÔÙ|#™0*@*ìQkÆŸÆ£xÃÔZzgA$QkÆ_.‚$+w

¿Locusts ©8ìXñ].+Z[¿~ÑäÅÃÒ™gì,Qk§i¿Ã�
~ÑD�Ôi™äZq-!hÏîÃ�g;ì**‡.Þ¿',–',kÐXt‘ª]Ô�

™D�Qk§&~�Zv!’q-ÐQy~aZ™@*ìÔðÆ Behave

ƒÐic*Š{zZãoÂV~ÐZq-ƒD�X

/6,0+zVÆQhZyÆ§j�gZq-âew
Æ!gëgR,ßÆnƒD�X

Z#	Y0*2Z
+B542.ç
E
EGEGJkZzg‚bŠZVQyÆ!gëgR,ßeiZí™gìÔ̧

XeÆZ9uR,ßÔz{Zq-(,}!hÏî»‚oG¸6,¡½ï EHiÆn1 500

6,0+zV»ç¤™DƒñÔ¢„z{0*ñ¸eiZíÃTÅz{̂Ù™gì¸Zzg¿
~Ñc*åQkÃ»x!Æ‚BX

QÅð OÅQhZyZzg!gëgR,+»Øg
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~ÐZq-ƒ@* Factors Y0*2Å»g™Š{!gëgR,ß~ÔD¹Zë
Zq-Šzu~_“Y0*ãâj1C£gZ]Æ‚BXY0*yÆØgÅ — ì

!*‡°ŠHVÔgw}Æ»gvzVÆmÐƒÐic*Š{JƒC�™*~X
ZEw™DƒñqD)ßYÃÔtzZ¢š5é GGSSÚÂ7ƒ@*ìY**!gëg~ÐÔz,
tƒ@*ìJÔŠzg™**Øg»²™gìƒDƒ}Z(¼XY0*yÆâj1C
!*‡°7VÆZ

+C4lç
GEE~Æ�ÔZq-gw}ÆØgÆgzÖà~gKY]~Ô%œ/~

ÐWÐ7(,−ecXZq- Decibels 75 ¢aÅŠzg~J- 25 gw}ÑíÐ
6,ÔZ#Çhc*Vw•™**Ñzq™C�¯g~CÙ~gzÝŠN™ gZì Æa (Town)N

Ðic*Š{ØgXtŠîìØ	Çù{ñÙÐ— Decibels  80 Ôz{aZ™C�
R,+ÃY**ecX Shinkansen gëg

ØgÆnzztƒCì	Zq-R,+aZ™CìÔZ#	z{Zq-{m»g™Š
c*200 km ph 6,ÐŠzhD�X Tracks gëgÐZzgQkÆ#-?õ FGX¤/Šl™Dƒñ

Øg�R,+ÅƒZÐ Aerodynamics c*ic*Š{Ô6,ÂWzZi»ÈƒY@*ìÔ (125 mph)

*gäÐaZƒ@*ìX
Ôc*',¹gz Pantographs ØgÆ(,}â~.ƒD� Aerodynamics 

ÐX Catenary Nz°kÔ�ZEw~WD�qÝ™ä',tÔ!*Ñð
ÐPantographs Z

+C42.ç
E
EGEGkÔY…ƒñ	z{ØgÆÅð LÖÃgzZî!k3‹5Ðö

G
G

7Á™Mh�Ô%ÃiGZ̧Kî]Ã³ZâV6,�!~ÐÔ1{ñÙÐÃA
ð™D¸X

ZKQhZyÆŠzgZyƒÐÁØg™@* (Owls) Óx6,0+zV~ÔÜsQÅð O
™D�Z(™**Ôz{ƒ@*ìQyÆ Manage ìXQy§hV~ÐZq-�	z{

ÏVÆfg=X´z{Zi,ÔZq-QÅð OÆdFgLWg}‰z0+ZäŠZg
gnp��85Âî

G
{àWçÐÌŠ3ðŠï�Ô�	Šv (Serrations) Feathers

ÔƒZ~QhDz‰ÜÔƒZÆ·î~ÔgL Serrations 6,0+}7gnp�Xt

Vortexes »Øg (Aerodynamic) aZ™D�XƒZÆ½ (Vortexes) a‹V
ÐÀ_ìZzgƒZÆ·î~aZƒ@*ìX6	z{�#Ö~(,_�ÔØg~
ZŸ†ƒ@*ìXaèQÅð OÆdÅS¤FZq-Wg}‰z0+ZäŠZgQ¸ggppÅ

ÆÔZzgQÅð O¹ Vortexes ¯D�Oñ(,} Vortexes ƒCÔìÔz{ZzggL
„{ñÙÆ‚BQhYìX

Z#Y0*ãeiZIkZzgZ
+C42.ç
E
EGEGkä©àQÅð O»ç¤Zq-ƒZðaç N8-~H

åÔQrVäZq-ŠiZzgx@{Hå»ï%:Sy6,0+zVÆdÆeiZí»Xˆ~
Ôz{»x[ƒñ¸!*&¢Aîg6,Á™äR,+»ØgÔZEw™ÆdÅ̂Æ

Pantograph »QßwåXSk§b Serrations XÅãCŠQÅð OÆ ÔPantographs

ÐÅqÝƒð¶Ô (Nautre) ÂxY0*EVÐaZƒZåÔTÅ!’q-Ô¡]
ZzgtƒÐic*Š{{ñÙÆ‚B»g™ŠÂxƒŠHìX

Å̈©pg~Zzg—gëg (Kingfisher) /gZxmc*
R,ßÅuùV~ŠZ¼

aç NùV»¦ñèo6,ÔZEw~W**!gëgR,eVÐ¶K0+„™@*ìZq-
Šzu}!hÏî»iï%ÆnÔZ

+B542.ç
E
EGEGJkÆnXZ#Zq-R,+—gëgÆ‚B

~ŠZ4ƒCìÔ™ÒƒZðÆŠ!*îÅñãQ½C�ZzgD+g� (Tannel) Zq-u8-
Æ!*CÙ Tunnel îg6,(,fYC�ƒDƒñéæz_.gÅñ�VÆ�B�
ÆTunnel YäÆgZ36,‚Bz„WzZiÅgëgÆXŒV!*CÙYäÆgZ36,ª

6,ÔZq-zŠ!*îÆñ�V»Ô®ÿ N»‚BghD�‚B‰Zz‡]Zq-Š}ÃØg»X Exit

aèŠ!*îÅñã™{ƒZðÆŠ!*î»ŒÛd$DÙZgzZVzƒ@*ìc*QkÐÌ
ñ�VÆBD�X Micro-Pressure ÁÔz{jZ!Æîg6,�g{mu8-Æ

z„OW,™äzZÑŠ}ÃØgÔ�Š!*îÅñ�VÆZW,Æ�aZHŠHåÔ~
Æ™ZkœJ-gK~ Tunnel ¶u8-ÃahZ™äÐqÝƒ$ËìÔ@*ë
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p~Ñä»»x¹„ÂZzgyíƒ@*ìX
Ñzq~ÔZ

+B542.ç
E
EGEJGkäìwHå	R,ßÆ™ZkœÆgK~¶™**

¯**Ì!hÏî»Zq-iƒYìXz{Zq- Smooth Zzg Sharp Zzg‚tÆzÅ̂Ã
Micro-Pressure Ã¿~ÑäÅÃÒÅÔQÌ Ideas Š!*CR,+~Sy

ñ�VÃ�	QkäaZÅ¶Ã{g`™ä~**»xgì¸X
Z<[Æ‚BZ¤/SÏ§bÆÃ¹Šg]~aZƒD�ÔÂeiZIk

gZxmc* — »ìw™D�ZLï~ (Kingfisher) ZzgZ
+B542.ç
E
EGEGJkgZxmc*

ZLDgÃDg™äÅq§Ô0*ã~̈©ÎCìÔA$z{*gCì̄g~ (Kingfisher)

~ŠZ4 (Tunnel) '×Z›p=VÐéZq-R,+Æ�*gCì²z{Zq-u8-
ÅgëgÐw•™ (186mph) 300 kmph ƒCìXo9LÐÔZq-R,+Ô�	
Å̂éZq- (Forefront) g„ƒCìÔÃ¢zg]ƒCìgppZq-‚t»8~î O

ÅaõÆÔ�	6,0+{Æ̈©ÃW‚y™CìX Kingfisher

-Eg;Å§sÐ`ñ Kyushu Y0*ãgw}&»41¹ÿ
HEGîCSŠZg{Zzg

Micro-Pressure ‰î]Sk!*]»ZÖg™D¸	£g~^u8-Æ
Ã»™äÆnŠg»gƒCìÔZq-Z+^ä̃ƒðéÑc*%zoc* Waves

ÆaõÆZz6,Zzg Kingfisher Å̂ÆXZq-ŒÛR¦k,~™ZkœZq- V Zq-
Å̂ƒCìX V nÆ”V»¯@*ìÇÐZ+„Zq-̂‰	Ñc*%zoc*

ìZq-ZzgŠzu~Vw	ùÓxY0+ZgaZG‰ (Kingfisher) gZxmc*
ZzgXÆ — �ÔÇîgÐÔ‚B~�¼	QyÆ’YÆn¢zg~ƒ@*ì

eiZbSK̈âVÆn�gâeÖÆ}.â]Z�xŠ}Mh�X

ZzgpŠp=V (Feathers) Æ6, (Peacock) /ñg
Æ(Signs) ÆbCÙ}´â]

ÆMelanin ‚B~Èg}g8- Keratin Protein Zq-ñgÆ6,~Ô

(Refract) ZL~gnp�Ô�gzÝÃz Feathers ï™zZug8-ÆÔt
ƒä»ñµZk§bÐŠï�	ëQygùVÃ™sîgÐŠNÃX¯Zzg

6,z”Æ�6,ÂVÐqÝ Keratin �}gùVÃ�ë6,zV~ŠÙ�Ôz{
SyÅ‚!{¤ÆÒpÐ)©àîg6,ÖZg Feathers ƒD�XñgÆ

gùVÆQ½Dƒñ´â]ÆŠ3ðŠï�XZq-Y0*ãvÔŠgC!’q-
Surfaces ÆbCÙ}ÃÔXÆ Signs Æ�ÔaZ™äŠz!*g{ZEwÆ‡.Þ

‚!ÒpÐ
"3©o-ö
EEGIJ�áúVÆ�$+áYD4è XÔ�	$+r�âŠzVÅN¦|~

zZµ·gÃÔSk§b	‰gùVÃ{g`™D�@*	bCÙ}™ä£/\â]Ã
Ã!*g!*gEwHYYìZzgî™ä6 Signs !*g!*gPˆŠv}XÍc*	Sy

ÆaZ™äÅÑ†ÃZzg‚B‚B Signs {ÃVÆ‚BXt¿{g`™@*ì6
Ã)¢zg~îg6,X Paints ZEw:™äiCÙY

/äVÆfg=q-ÛR,Æi
ëW`ÀÛR,k»ZEwSkÒ]Ð™D�	z{ƒ‰�øg~

y6,Ô»x6,Ô85Âî
G
Wøg}ñR,zV~X².543ð FGGR, — ]CÙŠy 24 i0+ÏÆCÙœ»zÔ

)ßY(,|g„ì!~Æ‚BŠy$+yÔZŸ†™Dƒñi0+ÏÆ£gZ]Ã�
ÛR,Å»g™ŠÏÐŠg»gƒD�ÔZzg�	(,_�QÏÒpÐL!gëg~ÐÓx
Zz‡]~X].h+F,+)ßYâeÖ)©à!gëgzVÐqÝƒMh�ÔZzgic*Š{

ÛR,kÐic*Š{»}¢8ÔÁz‰Ü~Z�xŠñYMh — »È Chips !gëg
Z¼

$o-ö GH»ic*Š{ZEw»ñµ�ÛZë™D�Ô »È Chips �X¾qwÔ!gëg
ÆntÑixƒ@*ì	z{ Chips Ã¤/xgBbìXSkntÛR, Chips �³~

Å].h+F,+D Chips g�ÚQ}@*	QyÃ×ZÐgz»YnXÛR,k~
'×h+SÐQZgppÆn»°7ƒD�X Fans Ã¬Ðñ�Š

eiZIkSkX»Zq-ieð&+ï%Æn¬îg6,Z´y™D�	
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QrVä0*1åZq-i¡]~XµÆdZq-6,¡½ï
EH‚|#SyÆeiZí~

-Eg;äZ�xŠ~¶ÔªCÙ™Cì	z;VµÆd Tuft gnp�Xî]�	
~ñ�ŠÂxÐ Chips ~Zq-QZgpp»Âxƒ@*ìXZ#SkÂx»».ÞÛR,

HY@*ìÔd~ñ�ŠÂxic*Š{4»g™ŠÏZL~g‚rìX
Ô}oZ

+B542.ç
E
EGEJG8-»îCæŠÇg Peter Wong Zq-šÔik,œZg]

6,zWÔgBb¶-8-Zi§sZ%kD‚bÃî&+c',Zñï	ù̧kOÛb
6g3OÛkÆnœsVwZg]6,Nzw™C�X

ƒC�ÔQyÃxîg6,ZLŸÅ&4ið GFIVÃ Cool-Blooded aèœsV
!*‡°{™Dgxƒ@*ìXt¹„¤{Xƒ@*ìÔYèQyÆQhZyÆŠzgZyaZ
ƒäzZàg¥/Ð‡.ÞÒplZg,wZg]ÅaZƒC�XSkwZg]Ã̄g~îg6,
Q}ƒäÅ¢zg]ÑhƒCìzg:Ôµi0+{7g{nÏXOçŠg]Å§s

Thin-Film Structures Ð�3pgŠ|eâV6,Sk»i�ÛZëHŠHìÔ�
BC��äVÆÏVÐÂgS�Xg¥/ÐaZƒäzZàwZg]SyÐ
xƒ™ƒZ~)YCìX

ÆChips šÆtZ0+Zi}Zzgé�	SkïÐqÝƒD�Ô
ÆIntertional Motorola xâ5šgkÆn»gWæU*"$ƒD�X6	

xâ5šgkÆnw~X
@*ëäV~Ôt"VweiZíg;ìZ#Ð	z{gnpWñ�Ñzq

ÐX�¼	Z("ÍiÔµÆÏV~ƒ@*ìëÃ{ÛÆ"C{=zyŠZzg
¤‰ÜÃ7™@*ìXt¤‰ÜZv²-)Ó½3ï GGGƒCì?�g‚rìZKÓ#ÖZzg¤‰ÜÓx
‘‡]6,ZzgiâyZzgky6,X

//

‚ÂZV!*[

Ô)ßYÐ(,|™ƒD�  (Organs)/
Sandia ~�áù™Zð¶̂ÔZ%MÆ Y2001 �Ñð 12 Zq-Ô̧�

Å§sÐÔZ´yƒä6,	�gZq-³ÆÔZyÆ»xÆÔ	z{ Natural Labs

LLV‰Œ̧Ûd$ŒÛd$pŠWçÅy~&¢AÆXóó
ÛR,k»ZEw™DƒñÔZq-z(„ìw 64 g7g^eCì	

qÝ™äÆnQrVäÜsP„]fe¸X
tZq-¹„ZëF,¹ìÔ@*ëŒVZq-!*]Ã:ÈÜec	z‰Ü»SÚ„

gN*8~î OA	Zq-]»ŠÎZVzƒ@*ì~T~SK̈ãWç¯CìZq-ìw�
6,Š}6,X Retina =Í@*ì(¼ic*Š{7ÜsZq-%,B¢aÆÔWçÆ

™ä~Ô)ßY**»xì Match /SK̈ãŠw~eiZíÐ
‚ßVÆŠgxyZq-Zz‰ÆÔi0+{gT�XSK̈y 80 Zzg 70 SK̈yßv

!*gZq-4~ŠPÂìÔZq-]¼ŠRg[!*gZq-�ÛŠÅÓxi0+ÏÆ 80@*70 »Šw
�¡¦›ßVÅZKî] ÔThe Abiomed Company ŠzgZyŠPÂgLìX

ÆngìÔ¯Cì	!*z�ŠQkÆÓx»ñVÆÔz{~iSkñ<~7Wð
ì	Ü™ä"Í»g™ŠÏ»�	SK̈ã›w‚A‚wÐ»x[îgÐbCÙ{™@*
g;ìX*¡¦›w�	»gHŠHìSkvÐg3ŠHì™õÃ@VÆ�Ô
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™zh!*gÔc*0*õ‚wJ-ÆnÔªCÙ™@*ìZq-Zë2wXqD 17½ ŠPÂì
~ZJyHŠHåIZkÆ (Calves) )ßYÅZq-aZzZgÔt¡¦›wµzV

	Sk»ZEwZK̈âV~ƒ@*ÔZ¤/85Âî FGô}ÜsPZq-̧VJ-„i0+{gì
¸X¡¦›w�SkvÐ»gHŠHåg3Hì™õÃ@VÆ�SK̈ãŠw

~X 2004 Æ**»x%ÉV~Ô
pÔzZãîg6,îCâCÙ+0*D�SK̈ãŠw»Ü™**¹„ÂX

MVäSkñçq6, ÔSteven Vogel, Biomechanic -Eg;ÆZq- Duke

Zq-Â[ÌèìÔÒy™@*ì	YV:
LL	tz{S

+C4ø
E
EE�…Šø7[�Ôeì�¼ÌQyÅ¤‰Ü»â8}ÿ Mì

)gv‰(5ìZzg Muscles c*»xÅ&¢A»ZÖgŠg}ÂÐƒ@*ƒÔXÆ
‚ÅZzgßƒD��ŠwZ”Å§bÔZzg‰	ƒD�¡)éËqÆ
øg})ßŠáÆXSkn?7™MhƒÜƒÉZq-ZÝ›wÅ'óó

6,Ventricles v»¡¦ŠwŠz Abiomed VwZq-Ç]Š}ÆÔ
Œƒ@*ìXz;V7+M»ƒYCìÔ¾qwX

ÔçZ
+B542.ç
E
EGEGJ�Zq- Alan Snyder gc*„»Zq-!*°{Ô Penn Z%MÆ

îC7gåÔSyZÖp~ZÝZzgÜ~�ÛtÃªCÙ™@*ì:ŠgC›w~ª8›w
 ÆZzgt? (Vessel) Ã�gZq-',@ Muscle ~Ô?ZEw™gìƒD�

B™@*ìpyÃpŠÆZL.Þ1D6,X6	
')4ø FF™D�»x (Container)

‚B~QÏèo6,6	›wg‚rìZq-',@ZzgZq-Âx�	
')4ø FF™D�âù

ÆnXŠw~Ô¾qwÔ',@Z�xŠêìpŠÅZKìÃXtƒ@*ì�ÛtT»
™@*ìX Synder Ü9

îCâCÙ+ª]iŠ{�	ùZq-›w�]¾æ NH@*ìpŠÐÔŠzâV
ÆZ0+gzãŠ-ZgzV~w•aZ™@*ìÔgnpƒñZq-e{Z”Qy Ventricles

Æ�»x™@*ì�	%! Battery ÆŠgxyX',ÜsSkÆt¡¦›wZq-

ÃÚg+Cé GFg`ƒ**ƒ@*ì Battery ~ÐƒCìXSk (Abdomen) Æ_
Ð(Bundle) Pack Ð�{g`ƒD�Zq-g+Cé GFg745ÿ EGEÒR,~ Radio Waves

~êgT�X (Harness) �	%!Zq-‚izk,Zt
øg}ŠgC›wÔSkÆ',ÜsÔÂZ**ðÆnZ+ËÒR,~ÅÃð

¢zg]7gnp�ÔYèz{Zq-‡.Þõ"Vw†°eiZíZL~gnp�Ô�	
ŸÆCÙ3~pŠÅZKÂZ**ðaZ™äÆ‡.ÞƒD�X›wÅZq-Zzg{¤

ÅÑ�Z[ Pulses tì	Ôz{�	Ü7ÅY$ËìÔƒCìQkÆŠP.V/p
&¢AÅqïƒCìX

|~Ô²SK̈yWgZxÅqª~ƒ@*ìÂŠwZq-4~0*õ{k
{kJ-Ì(,|YìX 30 @*25 pyB™YìÔ�	ŠzgZÈzgil~
Åp~ÃÒy™@*ì�gÔ (Tempo) v»eZ],ËÔSk)©àgëg Abiomed

LLZq-½ÆT»	°iâ:Ãð}oá‚o7™$ËìXóóSkvÐ¯c*ŠH
{kpy4îg6,B™YìÔ�	Zq-(,~®ZŠ 10 ¡¦›wZq-4~Üs

Å¬x»gzZÇVÆn**»°ƒ@*ìXÇ›w½ZZzg¢ïZK¢zgÂVÆ_.
QkpyÐqÝ™@*ìTÃ	z{B™@*gLìXZ(Zq-›w%Ë%#ÖÅ

‚wJ-l!»x™YìXt8›wpŠÐ‰h+ 6 0 Ð5 0 ¢zg]Æ
ƒäÅ&¢Ag‚rìÔTÅzzÐz{ZKSk&¢AÃZL°x (Renewal)

æZè»xÆnL7Å0*@*ìX@*ëtÌìZq-Zzg{¤�¯Cì**eÜ™**
SÐƒÉ¡¦Šw~XøgZ8›wÔTÆ!*g}~‚bŠZVßvÔqDŠâVÅ

!*] ™ä»ÜspZ[„ŠNMh�Ôt!*]ë6,Sk Match )ßYÐSkÐ
ZvÃqÝ�X — »ZÖgì	ZdF,+¥â]øg}{ÛZzgøg}¬à%;MW‡

ÂxÐÛR,zZ],kç{Ð3ë»Zq-i Immune /
Zq-!*gZ#Zq-zZuÛR,Zq-zZ],kÐOW,ƒ@*ìÔSk»ÈƒÇ	
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Šzu}ÛR,kQk™*~‚B~¢„WßŠ{ƒMh�X
FgÔSknÔSk!*]Ã¢zg~ìw™D�	‡ì™,Zq-

ÐôpgÄÃZzgSk Virus @*	ZL.$zguÂñVÃ "Immune System"

Ÿ~)©àî]Yg~gÄÃXQy%Zœ/~ÐZq-Ô�	Z�xŠ}g;ì
ÆzZ?g^aWn~ IBM ì�Ec*guÆ Virus Isolation Lab Sk»xÃÔz{

zZµìX
‡ìÅˆì� Microbiology z;V6,ÔZq-Zd™õ§8gR,~',Zñ

Æ‚B»x™CìÔZzg6,z¤/ZéÌ7™Cì�	 Viruses ç**u
ZzgA$ — Z[J-Ù|#G‰�ÔQyÅøá™Mh� Viruses Zzg c*12,000

Q7âgMh�X
„Zq-Z+vì�ÃÒ™g„ì¯äZq- IBM Qy�Ûé~Ð

ÐVirus Ã‚g~Š*~@*	ôpgppñ�Š{ÛR,
bo-.ø

H
Ã Immune System

ÆnŠ–ƒ@*ìX Cyber Space�
~Executives Ô�vÆ Steve White )˜VZgno‡ìƒ@*ì(X
ÂxÔé Immune Ðôpg�ÆnÔZq- Virus ÐZq-ìÔÒy™@*ì	

ÆÔÅ¢zg]ƒCìX Immune System SK̈yÆ
»z�Šƒ@*ì�SK̈âVÃi0+{g�» Immune System tÜsZq-

Âx„ZYi]ŠêìSk Immune ~Zq- Cyber Space ñµŠêìXÜs
Æz�ŠÅX

ÛR,ZzgY0+ZgzVÆŠgxySk_“Æ¬Ü̂~ÔóâCÙ,ä
Immune ÑzqHìaZ™**

+B©Šö
GEE

6,z¤/Zé�»x™D�éøg}pŠÆ
ÆXz{B�	�¼	ëäŒìz!*ðZ%ZnÆ;îZzgQyÆ Systems

Æ_·Ð5ìëÃ‡.Þ¯@*ìZ9Z7- Immune System NzwÆZzg
ÅŠ̃VÐôpgppÆnz„§i¿ÃZCä6 Viruses 6,z¤/ZéÃSy

Y0+ZgzVÃôpgppÆnZEwGYD�X Antibodies	
f3zƒâgpŠÐÜƒäÆ6,z¤/ZéZzgeiZíÆ Viruses ÛR,

‚BÛR,k~uZe$™YD�ÔpŠÅ»8ÐZK±Ã(,JD�Zzgvy
ªZLNzw~Ñfe Hijack àD�c*QyÛR,kÃX~z{ŠZ4ƒD�Ô

7™D�ÔŒƒD�Zq-t	 Viruses �XZÖgZ]c*S�ágZ]�Z,
Ãvyà**ÔZzg (Files) ÛR,ÂxÃbiï NGc*Šð™ŠbÔLL%æFNZuZgîg6,]Òð LV
Zzg‚B~Z — ‰Zz‡]Ô7g}îg6,pŠÛR,Ã**»xc***»g{™Šbƒ@*ì

Z%ZnÆÔ�SK̈âV6,ZW,Z0+ZiƒD�ÔaZö»!*)̄ƒD�X
Æç}ÐôpgppÆnÔÙ!6,z¤/Zé Viruses øg}ÛR,kÃ

Æ�á¿] Viruses ˆl™D�CÙ‡âyÃÛR,kÆqC~ØÎä
»�	¬„ÐÙ|#G‰�Zzgfí{G‰�6,z¤/ZéÆ (Traces)

ÆgZ>ÆŠ\Æ�á¿]ÃQVñQD Software,Viruses qC~XÛR,
™ä Y Z]Ã ��QyÆTy»fg=0YD�XZ#ÛR,»Ù̂6,z¤/ZxÔQkgZi

ÐOW,ƒŠHìX Virus ™@*ì	ÛR,Zq- (Warns) zZàŠ\ÃT}ìÔz{!540î NGEEÔ
6,z¤/ZéÛR,kÆn7g} Antivirus 85Âî

GWZ(¼ƒDƒñÌÔ
îg6,D»‚ây77™Mh�X‰6,¤/Z%kPZq-ŠâVÆZ0+g„6

~ÔÇQkOW, Cyber Space Æ!*g}~ÉMh�ZzgQQ7 Viruses

Anti-Virus ÛR,Æfg=ÔŠZ4™Mh�XZ+ßg]~Ôt¢zg]ƒ@*ì	
Å Viruses 6,z¤/ZéÌxîg6,âegyèo6,WDg�c*Sk§b	z{6

D+ZgÅ6,z¤/ZéÅxîg6, Virus TyÆnŠg»g¥â]gnpg�ƒX6
6,z¤/ZéÛR,kÆn Anti-Virus ZŸ†ƒäÅ¢zg]7g~ƒCgìÔYè

7g}îg6,D»‚ây77™Mh�X‰6,z¤/ZéPZq-ŠâVÆZ0+g„6
~ÔÇQkOW, Cyber Space Æ!*g}~ÉMh�ZzgQQ7 Viruses

Anti-Virus ÛR,Æfg=ÔŠZ4™Mh�XZ+ßg]~Ôt¢zg~ƒ@*ì	
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ÅTy Viruses 6,z¤/ZéÌxîg6,âegyèo6,WDg�Sk§bz{6
Ÿ† D+ZgÅ6,z¤/ZéÅxîg6,Z Virus ÆnŠg»g¥â]gnpg�ƒX6

Š–ÆÜsDƒ@*gìX Virus ƒäÅ¢zg]7g~ƒCgìÔ@*	
ZÚ,MÆ‚g~™*~ZEws;î~ZŸ†Æ‚BÔtƒ

ÌAlÑzq™Šñ�¹ic*Š{!gëg~ÐZzgOW,{ÛR,kÃç**u Viruses

ÆóâCÙ+äŠgC%:Y]ÅÜÐÔ IBM vyT**ÌÑzq™Šc*ìX
Šg]~ Viruses SyÆi»ÌØ`1ìXƒÐ¬ÔÇ‰	§»C

Ì®ZŠ(,JäÆ6,z¤/Z/»ZEw™D  Viruses ƒD�Ô¡¦ÛR,
Âx Immune �XZ+&)é NtÑzq™DƒñÔ>äî]Å	ùSK̈ã

ŸÅ™«~»x™@*ìX
Z#z{Zq-Ûzã**xCŸ»‚o™@*ìÔŸ¯g~îg6,̀Z-¿ZâY

Immune ¯**Ñzq™@*ì�úWzgÃTy™SÐn{™Šï�X (Antibaties)

Sk!*]Ã=ô™äÅ¢zg]7ƒCì	Zq-3»7gZ8~î O�	³~ System

»gg‚rìÔ̄g~îg6,�Z[Š¶ Antibodies Zq-Fg~~2ƒYìc*7X
(Antibodies) Z¤/Z,ú»w~Z¬Š{ƒ@*ìX]ìSy»g9}̀Z-¿

»Ôz;V6,‚g}OW,{3»ç¤™Æz‰Ü',!*Š™ä»ñµŠñ%úÃ«î™Šc*
Y@*ìX

6,z¤/ZéÌgnp�Zq- (Anti-Virus)¿ Virus ZÏ§bÐÔñ�Š
ÃÂYy70*@*ìÔ1OñSkÆŠ\ÃTy Virus �7g}ÛR, "Antibody"

©8ìX
6	ëäŠ¬ìÔ&»41¹ÿ

HEGyZy~Ô9)bÆi�øg}n
[}îgÆ!*z�Š";ZâYggD��Šg] — Æp Floundering Òy

~¬„Ðñ�ŠƒD¸X
ÂxÔTÆ!*g}~CÙ,ìwÅˆìZzg�	�{ Immune øgZ

îg6,»g™Šƒ@*ìÔøgZD™ä»ggLåISkÆ85Âî
G

ëaZÌ7ƒñ¸X
tøgZW‡Zvì�̃yZzgõƒìƒ»XZq-We$~Sk»f™ƒZì:

(57 )Îg{ƒŠÔ LL÷ZW‡CÙq»õƒìXóó
/WçÐ"{J-:wg]Å)ßY

ÅW@™z~zäÅƒC��Šg� (Vetebrates) Lz~³Zy
BD�ÔXÐgzÝWç~ŠZ4ƒC Pupils gnp�ÔZzgt (Openings)

ƒD�XgzÝ¬Sy°ÎVÐ (Lenses) Æ×~°Ð Pupils ìX
~½ZgLìÔ*gCìÔWyl Ball Ð�WçÆ Fluid *gCìÔA$Qk
~z;V6,ÃðŠk™zhŸ]Ô��g Retina **ò6,Š}Ð”ZCìX Retina

gùVÃÙ|# Cones ÆYäYD�Ô0*ñYD�Zzg Rods and Cones

™D�XtÓxŸ]Qy6,7,äzZàgzÝÃZ9p]½5Òø
YE

~$+wŠï�ZzgQy
ÆÂ‰Ð(Ÿ-@î EGEÃ¬�X Optic NerveÃ

ÆZ§Zs�g6,Š}»ƒ@*ìÔŠZ4ƒä Pupil Æfg=Ô�	 Iris WçÔ
¡~;îZzgiZîÑäÆ‡.Þ Iris zZàgzÝÅu]~!*‡°ÏÑCìX
ÆXSÏÒpÐÔgzÝÅz{lZg� (Muscles) ƒ#-?õ GGXÔ]ìSkÆ

(Ÿ-�õ
EE

gv]V
Æ�0*ÈgSì�	�gZq- (Device) "{~ŠZ4ƒg„ƒCìZq-á

ÆYãYCìX Diaphragm

~ÔÒy™@*ì Wild Technology ZKÂ[ ÔPhil Oates Sk!*]Ã
	ù"{ÔWçÅ¹„‚Š{ÏZq-Üì:

"}ÔLz~WçÅ¦S‚ŠSÔ}o!h45å NGEäƒC�Xz{gzÝ
6,zs!*¾ƒD��Zq-°1Æ‚B:ƒD�%Ãi™äZq-ìwÃZq-™
6,�	Áz‰ÜÆnZ±h4ðFiƒCì²Zq-ẽ½èEc*ÃZhÅÑY@*ìX°1Å̂Ã
$+sƒñÔW\V~ìwÃ%ÃiHY@*ìÔ1"}Ô™Ð°1ÆÃA$+%
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ÐÔ%ÃiƒD�X
(Focussing) Ñ**`âö6,  /

Ô̄I¤/Zshe~ªŠxƒ@*ìX Focussingt
Zq-ìwÆSÏnÅ¯”Ì¢zg~ƒCì@*	SkÆnWç~

6,Š}6,zZäîg6,¤/**ƒ@*ìX Retina ˆk
"zVÆ‚BÔ̄´4k5ë GE

Y»¿;BÐðHY@*ìc*pŠlŠîg6,¹
2gZ:Z0+ZizV~7gZƒ@*ìX ${3›é

GEC „
pgŠÎZzgŠzgÎÔ�ŒÛd$ÅZzgŠzgÅZâYÃŠÚÆnZEwƒD

�ÔÌ%ÃiGYMh�Ô@*ët§i¿å¼z‰Ü»Ìvyg‚rìX
SK̈ãWçÔSkÆ',ÜsÔSk§i¿Ãxîg6,pŠÐZ�xŠîìÔ

Zzgz{Ì¹„!~Æ‚BX´z{Zi,Ô�§i¿tWçZEw™CìZkŠg
»�SkÆ Muscles Zdƒ@*ì	z{Âîg6,ÌÜ7ƒYìX]ìQy

6,Š}6,&ìX Retina Z§Zs0*ñYD�Ô°1ìwÃ
¹„EZgZzg5ìÔt°1W‚ãÐ$+mìZK̂ÃÔ
!~Ð%Ãi™DƒñZq-`6,T6,	gzÝ7,CìÔ°1Æ;îc*
teƒ0*@*ìX iZîÐ

�gVwÆÔZ¤/ëÃøg~ÂzÃZq-—6, — Z¤/°1pŠlŠZ(7™@*ì
A$ëZq-xÃÒQkÃŠÚÆ‡.ÞƒäÆn — ŠZ·îg6,%Ãi™**7,@*å

GƒDXìÑ]øg}Ã~Š®àƒgâöÐ?Ø™ƒCXëÃËqÃñizV
îg6,ŠÚÆnz‰ÜŠg»gƒ@*ZzgQ�gZq-³ÆÔÓxøg}»gz!*gŠÁZzg
biï NGgëgƒYDX

}.Zäøg~W\VÃ"Í¯c*ìÔ¾qwÔëZ,Ãð)] 	6
Z7Ck™D�XZ#ÃðËqÃŠ9eLìÔQkÃZKW\VÃZq-âö6,

)äZzgZwgCˆ!*]™ä~Ãðz‰ÜQV**77,@*ìXZq-—Ã™s
îg6,ŠÚÆnÔQk6,ÃeZÜ»°ƒ@*ìXâ!*¹§i¿WçZzg(Ÿ-@î EGEÐpŠlŠ

SkÆ´z{ÔtÓxð0*@*ìQkz‰ÜÆz9~T~	z{ — îg6,ð0*@*ì
Z(™**eLìX

Zq-¯I¤/ZsÔ�ŠyÆz‰Ü1Y@*ìÔ¹„™sƒ@*ìÔ@*ë7²
z„™gZ]~AW�y~Zq-¦k,he~ZEwƒCìXQÌ85Âî

G
z,øg~

z,zÐÌÁz‰Ü~tZzgÈƒC�ÔÂë@*gzVÃ 10 W@Zq-CÆ
7g}™sîgÐŠNMh�ÔYèøg~W@gzÝÅZuÂVÆ_.ZL

™C�X Set W\ÃpŠlŠ
ÆZ§ZsƒD�ÔZ(ƒä»ñµ (Pupil) �¡ (Muscles) gv‰

zÝ Pupil Ë�Ô Muscles �ÛZë™D�XZ¤/øgZâjw@*gq-ƒ@*ìÔt
Z(g™CìZzgic*Š{gzÝÃWç~Wä»ñµMìXgzÝÅzZ�ÛlZgÆ‚BÔ
gv‰]¾æ NHD�Ô¡]¾æ NHCìZzgA$ÁgzÝÃŠZ4ƒä»ñµ�ÛZëƒ@*ìX¸
zzƒCì	ëŠyZzggZ]ŠzâVz‰Ü™sìwŠÙ�X

Zq-g3™*6, (Window) /Zq-Lz	
ZzgZq-g3£zk, Black-and-White WçQ@*gCìZq-¦k,ŠzâVZq-

Zq-„z‰Ü~XtŠzâV£zk,ˆZfZy(Ÿ-@î EGE~ïYD�Ô˜Vz{Zq-**gïªCÙ
^Z(g™D�Ôic*Š{Zq-„§&~‰egg&¯I¤/Z°Š({‚Baç NcÔ

Ôeƒ@*ìX igŠÔZzgYÆaZ™äZq-zZ¢š5é GGS7g}g8-»ìw
~1Zq--Z0+Zi Black and White Ÿ]ÔZâYÃ Rod~Retina

Ÿ]gùVÅÙs#™D�X Cone ~ŠÙ�X
�gZq-³ÆÔ]½5Òø

YE
�zßwƒD�=ôGYD�ÔZzgøg}

ÇÛzã™*»Zq-g3ìw¯D�X
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/WçÅZd)ßY
WçÆ£¨~"}Zq-¹„Z’Zð‚|#gnp�XwgC%„

ìÑ]FkHic*Š{¿F,+ƒD�£¨~QyÆ�	85Âî
G

¹„Zz‘ŠgzÆ
�WçÐ (Images) F,¹c*C"{ÐŠø7[ƒD�X�gZq-³ÆÔìÑ]

ŠAYD�¹ZdF,ÃZyÆƒD�£¨~QyÆ�SK̈ã;ðVÐ¶
c*W!Ð�ÛZëƒD�X Equipment ËÌ

"{ÆZßßV»ç¤ Tv t7gZ¦g4Z0+Zi~ŒYYìZ¤/ëZq-
ÅF,−Ð»g™Šƒ@*ìXíc*]ÆŠzgZyÔZq- Dots ™D�Ô�gzÝÆ¼Š

 ZEwƒ@*ìÔZzg—�	"{Æ‚tƒCìèo Scanning Procedure

CÙâ Photo Cell Lamp ÅZq-ºm®ZŠ~„ƒYCìXZq- (Lines)

Å Line ™@*ìXZq- Scan ÅY+$ RightÐLeft »Î@*g Dots ÆÓx (Line)

ÃÂ Line 6,ŠJzZ1mìZzgSk§bCÙ Lines »™ÆÔz{ZŒ Scanning

ÅgzÝÆŠgzVÅ=ôƒCìÔZzg³~ Dot ™@*Y@*ìXCÙ Scan~Dots

èo»ÔZq-²Æ 819c*625ÔPhoto Cell qÝƒäzZÑW{g`ƒ@*ìXt
™@*ìXZ#Zq-7gZìwåƒY@*ìÔÂZq-* Scan~Dots z,z~Ô 25

ZzgF,−ƒ@*ìXSk§bÐ{g`”{]½5Òø
YE

ÅlZg¹—ƒYCìÔÓxÆ
ÓxZq-ª]Z0gëg6,aZƒD�XWç»}2x¹ic*Š{»g™Šƒ@*ìXÃðÌ
™sîgÐSkÆ‚|#Æª]Z0¾wÃ™YìZ#	z{̈g™@*ì	QkÃ

L%#Ö™Zäc*Ãð:æENE$+ÑäÅ¢zg]7ƒCìX
‰zp‚bF,¹™CìÔSK̈ãWçÅ7ZCˆ!z‰Ü4Z0+Zi

~ªYg„ƒCìX
)ßYÆZEwÐ�¥â]ëWçÆ!*g}~qÝ™D�Ô!

aZK (Optical Systems) z‰Üic*Š{F,¹c*C"}Zzg"ÑgwgCÂé

Ygì�XpSk!*]ÅÃð6,zZ{7	¾Šg)ßYF,¹™CìZ9Z7-á
»gƒð�Z[J-ÔƒD�¡Z’ZðäpŠWçÅXÃðÌÛR,7g^"{c*

SK̈ãWç»£7̈™YìX (Gadget) ŠzuZÃðZK̈ã;ðVÐ¯gN*‚ÆW!
Sknùtë{‚|#Wç~Q½~ì**

Trial and t%Ë—Æ**eƒ@*ìËÌ‚|#ÆnpŠÐ
Æ§iÐSkëÏÃ¯¢8Ôz‰ÜÆZq-îs²96,X Error

WçÅ‚|#¼Z+ƒCì	z{Z¤/85Âî
GWZq-:æENEÅÌ¶0*@*ìÂ»x™ä

Æ‡.Þ7ƒCìXÃðÌeiZíZ·tÐ7WYìÔZzgWçZq-¹„™s
ZzgÑVweiZíZL~ªCÙ™CìXt!*]øg~gÉð™CìZq-ÎZwÅ§s
	z{Ãyì�ZjeiZíHìX

SkeiZí»zZuaZ™äzZÑ}.ZìX|	Z(Zq-�ëÃ«HŠHìÔ�
ëÃñµŠêìKCÙqÃ�øg}Z§ZsƒD�Ô4+ÂZ0+Zi~Ô�ƒCìZq-
(,~zzøg}a}.Z»]ZŠZ™äcX6	ëÐŒÛWyÅZq-We$~¹Y@*ì:

LLW\QyÐí	z„Z(‡ŠgZzg°ìTä?ÃaZHìÔZzg?Ã
(23 »yZzgW@ZzgŠwŠñ�Ô1?ßv¹„Á]™DƒXóó)Îg{Z<Ô

/WçÅÜ™ä~Ô‚bŠZâVÅ»z$h4è GIG
WçÅ»g™ŠÏ6,ª]iŠ{ƒ™ÔZzg)ßŠì~SkÆZdS:]Å

Ü™äÅÃl™DƒñÔ‚bŠZâVäqw„~¡]~ñ�Š
Y0+ZgzVÆ"Í}2é»¹„ŒÛd$Ðç¤™**Ñzq™Šc*ìXZq-M

(Arena) ~)ßŠÆyZy BiomimeticsÅ (Studies) ®ZŠ_·Y]
~Ô(,}e:6,F,¹~ÌZŸ†HìX

/ÛR,Z9uu„/wù¦¡]ÅÜ™CìX
ÆŸ]gzÝÃT…�ZzgSkÅF,)ã Retina øg~W\V~
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™D�ÔQt¥â]ÃŠzu}Ÿ]ÃÔTÐ	z{g*gnp�Ô¬�XtÓx
wgC§i;ñ¿ÔÛR,kÆnZq-6âewÅ!’q-aZ™D�X

Ô�	Z¡!Ÿ]6,ŒƒD�Ô¢ïÆ‚BZq-Šzu} Retina

Ð:æENH}ƒD�ÔÜsgzÝÃKÅuJ-„0*È7ƒD�XISkÆ	
Ð
(Ÿ-@î EGEÃvƒD�ÔQyÃZq-(,~®ZŠÆ§i;ñ¿Ð Retina

]½5Òø
YE

Æ§i¥â]Ã¯D�@*	 Retina *g**ƒ@*ìX�gVwÆÔŸ]�	
Edges Æ§i¥â]Ã¯D�@*	ZâYÆ Retina Ã�	 Edges ZâYÆ

BD�ÔZ9pWÅ¤‰ÜÃ(,JD "Edge Extraction" Ãúc*V™Ã
�ZzgëW°Z�xŠï�ÔT»Z®gWc*Z§ZsÅgzÝ6,ƒ@*ìÔ�@*gq-ƒC
ìc*ÖZgX;VÔ¤!g].h+ÛR,kSÏnÆZdwÃZ�xŠ¶Å‡.ÞƒD�Ô

»Egw.$zgu×Zq-¹„¾lZgÂZ**ðÅZEw™@*ìX Retina @*ë
Carver Mead Og6Z3^Zzg)ßY)Z%M(ÅZq-îCšÔ
Ãt Retina ‚bŠZVÅu™ŠÏ~ÔQygZizVÆ!*g}~Ø`g„ì	�

Caltech, Misha Óx§i;ñ¿ÃW‚ãÐ™äÅZYi]Šï�
äZ9Z7-u„eiZíHå�gnp Mead §»CâCÙÆ‚Bï™Ô Mahowald

�éQyÆ�W\V~0*ñYDÔ̧‚B~Zq- Light Receptors¸
ÆEgw.$zguÆX Retina ‚|#Æ�xËƒC¶

ŠzuzVÐ!*b  Light Receptors ~Ôt Retina ´z{SkÆ6	
g*~ƒD�ÔZYi]ŠïƒñZ9Z7-u–ÆZbZYÃg*‚gppÅZq-

ÆŸ]™D�X Retina Šzu}Æ‚BÔÇ6	
ÆZ9q-u„» Retina Network !*z�ŠSyÓxÃ@VÆÔ¾qwÔ

~ZÐZŠ~ Retina ¨ù¦Ü™**Ô**eƒ**U*"$ƒ[ìÔYèz;V6,Y0+Zg
Ÿ]ÅzW®ZŠZzgQyÆŠgxy!*bg*ñ�ŠƒD¸X

eiZíZ
+B542.ç
E
EGEGJkÔZknÔZ[Sk!*]ÃKÅÃÒ™gì�	ùEgw

»»x™@*ìÔZzgZ[‚Š{F,u„ÅeiZ•™gì��Ô.e$ Retina .$zguÔ
„Zi§bÐÔSÏ§bÆZdwÃZ�xŠ}MhƒVX

/íÆ»yÔ��WÑ]Å»g~~Zq-Zz[»:L‘W�
Æ»g9-Eg;ÐzZhîCâCÙ+äŠg]~ Ithaca Ec*guÆ
™**Ñzq™Šc*ì@*	ic*Š{̂k��WÑ]ÃeiZíH Study ñ�Š��ÂñVÅ

**òÔí»»yÔ Ormia Ochracea YnX�gZq-³ÆÔQrVäYy1å	
ZzgQk»¬xeiZí��œpV~Zq-Zz[»!*)̄ƒYìXíÆSkZ0s»
»yZq-WzZiÅ‚»ÌZq-¹„9Z0+Zi~Ù|#™YìX

6	̧òSŠZgÒÔ',Zñ¾Z6ZzgŠvF,cC"‡°7VÐ0Zq-
*y~SkqÃÒy™@*ì:

LLZK̈yßvWzZizV»Ø`ä~4+‘‡]ŒYD¸'Yè
»Ã,QyÆ!*NZzgŠZN»âVÆŠgxygnp Inches bc*ic*Š{ Humans

�Ô�Ût�¼	CÙ»yÅ�®)ÆŠgxyic*Š{ƒ@*ìÔWzZi»ØÎäÆ̂[ÃtW‚y
**òZ0síZL¦J»yZL!*N»yÐ¡Zq-WŠJB Ormia F,¯@*ìX@*ë

¢aŠzgƒ@*ìÔÍc*	tíSk�ÛtÆZÖg~Zq-¹(,Z½ZL~gBbìXóó
WzZizVÆ4VÃT'SkíÆ’ÆnÑiòƒ@*ìÔYèSkÃZL

ÆQzV»Ø`**ƒ@*ìXíZLZ&+zVÃ Source ½ZÆ�gZq- Larvae

Qy Larvae z){ÆƒÐQz6,Æz6,ghCìÔZzgQkÆ (Crickets) Q+zV
QzVÃ�g½ZÆ3D�²z{Z&+zVÐQ½D�X

»Ø Cricket @*ƒZ ¦ í¹„ˆk»ygBbì�	Zq- Ormia

Îä»eiZígnp�Xt¦?ØÅWzZi,Zq-gLÐ@sÅ¶K0+45¾æ XGMh
ƒ@*ìX s™ ��)©àîg6,

WzZizV»Ø`äÆnÔSK̈ã(Ÿ-@î EGEZq-SÏ§b»Zq-§iZEw™@*
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íZEw™CìXSkÑÆnÔWzZiÆn¬»y Ormia ìX6	
ÆŒÛd$F,)»°ƒ@*ìÔA$ic*Š{ŠzgÅWzZiÆXZ#Zq-WzZi»yÆegxÆG
Ð”ZCìÔz{Zq-Z9pW~$+wYCìZzḡg~îg6,

(Ÿ-@î EGEÃ!3¨ÿ
EGƒYCìX

ŠzâV»âVÃîzZàWzZiÆŠgxã�Ût»(Ÿ-@î EGEB²k~ˆ[Î@*
íÔ Ormia ìÔZzgSk§bÐQk‚»çƒ@*ì˜VÐWzZiWCìXt

B²k 50 Ðic*Š{(,Z7ƒ@*ìSkˆ!¿ÃÜs Pin Head T»(Ÿ-@î EGEZq-
~Z�xŠêìÔ�¼	ë™Mh�QkÐDÙZg±5é YNEic*Š{!gëgƒ@*ìX

‚bŠZVßvSkgKÏíÆ»yÆ)©àîg6,»g™ŠeiZíÃ
ZEw™äÅÃÒ™gì���ZzgÂzÆ‚B]4/õ NEEÆWÑ]Å»g~~�

',Z&+**xÆX6	ëäec*ìÔ85Âî
GWt

(Ÿ-�ö
EE

íZq-Zd‚|#Zzg Ormiafon

eiZígBbì�ÃtSg»YÆZÉ:ÃtZ·tÃ!*ëŒÛZgŠîìXSk§bÐÔZk
Zzg{¤øg}{ÛÅÑözŠ¤‰ÜZzg¥â]» (Organ)

(Ÿ-�ö
EE

‘t»CÙ�
bCÙ{™D�XZ,Zq-

(Ÿ-�õ
EE

@*ëë{‘t»Šz!*g{aZƒ**¡¦îg6,**�]
~Ðƒ@*ì85Âî

G
f3‚bŠZVßvÔ¹„F,¹c*C)ßY»ZEw™Dƒñ

Zzg!*ëï™»x™D�Ô�ƒ@*ìÜsZq-{CZg»ð§i¿ÐX85Âî
GWt

(Ÿ-�ö
EE

íZvÆZdð»Zq-™sªCÙo]7™CìX

//

WẐV!*[

(Biomimetics) ¡~§»CÇZ]  /

(Architecture) Zzg®y
aèŠg]~eiZb!**"ÍƒD�ÔQyÆ!’k]Z[

Ò]ÐyZCeiZb~ZEw~WD�X
Zq-‚|#~z{ÓxS:]�¢zg~ƒC�Ô‰ÂZ**ðÆ̃]Ô

pzgCÔ»g™ŠÏZzg0*Z+Zg~¬„ÐðG‰�8™*~XSk!*]ÅÃð
6,zZ{7	¾ŠgZdÂéSK̈âVÆ;ðV`ñYMh�zWe:6,Ô1QyÆ

ÇZ]c*ÝwLÌZkŠgZic*i7ƒMh�6	ZÝ&]�Šg]
~0*ñYD�X

ŠgCeiZbÅ»8™äZzgQ7yZCeiZí~ZEwÅ{§ÔZq-
ÑiòÑoƒCìX@*ë8™*  (Know-how) Zz‘ŠgzÅZ

+B542.ç
E
EGEGJ8-Å	ùY3

ZzgyZCQßßVÆ!*g}~¼ (Load Bearing) ~Y0+Zg‘‡]1úeðä
Ì7Y…�XZzg:z{Q7K»Z(ÃðñµÌ7gnp�XÓxY0+ZgQÏ

~ZLW\Ã7™D�TÒpÐ}.ZQy~!’q-aZ™@*ìXZq- i Z0+Z
We$~ÔZvªCÙ™@*ì	ÓxY0+ZgQkÆNzw~ƒD�:

LL~äZv6,ÂÀ™1ì�÷Zâ´ìZzgvgZÌâ´ìÔæ¥zñ

8788 ¡~§»CÇZ]¡~§»CÇZ]



i}6,½zZá�ƒÅaKQkäñg¿ìÔ$¨45é GGGES÷Zg[ÜZo�6,ìXóó
(56 )Îg{ƒŠÔ

—(Oyster Shells) /ÅgZTÆœs
Zq-âew',ZñgzÝÔ+o¿Æ

Æ0VØZD!*ßVÐ (Oysters) ZzgÅgZT (Mussles) 3$iï FNIG

x¹gnp�YèQyÆ"‡°{îg6,zZµZDwÆXt̂*VÃZYi]
ŠîìÔ!*z�Š¹„¯ziyÆƒäÆÔi',Š„Š!*îÃ',ŠZ“™D�X

ÆeiZ•Æ Ceilings Zzg Roofs âCÙ+yZ]Sk‚|#»�gâewÆZ
» Royan MarketÆ (Canada) nZEw™D�XVwÆîg6,ÔsZ

Ð�gc*ŠÇgÆeiZíHŠHåX Oyster Shell¿

Ð&ÒðELg~ûJ- (Water Lily) /W!.w»7ŠZ
Y~ßy~¯c*ŠHåÔty™Š{�g~û 1851 ÆnÔ Fair ™*Æ¬

�Zq-)ßY»�á‚gåÔ†kZzgW],yÐ¯åX (Crystal Palace)

Zz™Ô=ÍDƒñZq-gKµn‚]DÙZg (108 Feet) ¢ak 35 Ãð
Znk(»Ôz{g‚råZL~ŠzÎDÙZg†kÆŠgzZi}ÔX 18 0*õÎ%,¢ak)

S
+Bø
E
F(�#Ö~ƒ@*å�g~ 12 by-49 v¢ak) 30 by 120 ~ÐCÙZq-

ÐeiZíHŠHåÔ�	! Joseph-Paxton, Landscape Designer ûÔ
ÆZq-Z0sÐqÝÅ¶X Water LilyªÔVictorea Amazonica ’q-
Æ(,}(,}íg‚rì	 Lily zäsÆÔt (Fragile) !*z�ŠQkÅ¹„**iu

�Sãic*Š{¢oƒD�	ßvQy6,9}ƒMh�X
SyêVÆn¥V»ç¤HåÔÂz{QyÃé-VÆÔ PaxtonZ#

qÝ™Dƒñ0*c*åXCÙØZq-%œ/Ð†F,KM Support g6ŠZgÂ]4›é G]Ð
ÆÔWg0*g-VÔ‰ Radial Ribs zZgèoÆ�íÆ)gzVJ-YD¸�g

äìwHåt´V‰èo Paxton EèoÆÔZš/}ƒñg‚rìX
ÆZzg (Beams) Šz‹}ƒñƒD¸�gziy',ŠZ“™äzZáJ\;2.ç IXGGzV

í&+Z]pŠ�gjÆŠgzZizVÆXSk§bÐÔz{»x[ƒZå¯ä~Zq-
¿ÃÔ�	†kZzgW],yÐ¯åÔ�å¹−1QÌ¹¢oX

ZöZyÅµ~A~QkH (Water Lily Plants) t.wÆ7Š}
Ñzq™D�Ô1QyÅ’ÆnÔQ7¢„RW[6,W**ƒ@*ìXŒVSy»

ÑÎg`ÅgzÝÃqÝ™**ƒ@*ìÔ�QyÆz�ŠÆn»°ZëƒCìXZ#z{
0*ãÅRJ-VYD�ÂSy»%»t¿¥uY@*ìZzgA$tÍw»ŒŠZgàVaZ
™D�XtàVP„[RV~(,}(,}êV~psƒYC�ZzgCÙZq-

tY…ƒñ	Šgc*ÅRÎic*Š{êVÐ — ØRW[»Šz%,¢agK=Í©8ì
eQàYñQÚ„ic*Š{Îg`ÅgzÝÐZ.Š{™ÃÐX

»¿ (Photosynthesis) Ã¦F,Ic*Mð@*; Water Liliest
Z�xŠ¶Æn»°ÔŠyÅgzÝ»ZEw™D�zg:z{Y…�	Šgc*Åµ~
gzÝÅå!Æ!*)̄z{i0+{7g{0*NÐXt$¨45é GGGES7Š}Ænj,85é ENHäzZà
!*]ì	z{SknÅŠZÔZ:ÕiÃ»x~ÑñX¾qwŠgc*ñZöZyÆ

ÆnÜsÎg`ÅgzÝ„»°7ìXQyÃQÏÒpÐWx Water Lilies

ÅÌ¢zg]ìX@*ët!*]™sªCÙì	tWxSkA½}¤/Zî&+6,˜V
6,Sy7ŠzVÅa,ƒC�Ô70*ðYCìX¸zzì	t7Š}ZLàV

Ã;Šï�azVÐQz6,Å§s0*ãÅRÅY+$˜VÆí (Stems)

¢akJ-EƒYD�Zzg 11 ¾DgT�X‰Zz‡]azVÐå3zZátã
êVÐÈ|YD�ZzgêVZzgazVÆŠgxyWxáYä»»xZ�xŠï�X

ù́ZKi0+ÏÆZ’Zð%ÖV~Šgc*Å�Zð~Yy$Ëì	QkÃ
i0+{g�ÆngzÝZzgWxÅ¢zg]ìZzgSyÅ)ñ�ŠÏ~z{i0+{7g{
nÏÔZzgCÙz{qTÅSkÃ¢zg]ìÔz{RW[6,ìXZq-Y0+Zg�ZÌi0+Ï
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Ð”gsƒZì:Sk!*]ÐzZ<ì	t0*ãSyÆnZ̀!xg‚rìZzg:
Îg`c*WxÆz�ŠÐzZ<ƒ@*ìXZknZ¤/7Š}Æ‚g}zZ§»Zq-
Zg»YI,ÆÃ̀ÐY,̂{BÂSy7ŠzVÃ²9¬âj1CZW,Z]Ð

ÅnZ[ÌZK Water Lilies “3Y**e’åZzgnzxƒY**e’åX1t
7g~W[z@*[Æ‚Bñ�ŠìX

Åt**‡.Þ¢
±g)½ø
II

L§]gzÝZzgWxJ-îÆ Water Lilies

Ì̂RW[6,4îg6,Yg~gSìX˜V6,(,}(,}íZLÃgzVÃZz6,Å
Y+$ñhfe�@*	z{ZLW\Ã0*ã~ez¶ÐgzÆgOXSyÓxZôï
D+ZÛÆ‚B‚BZKi0+ÏÃYg~gnp�X@*ëÔz{tÌY…�	tƒ»°

7ìSyÅÂ6~¿ÆnXSyÃ¢zg]ìZq-Y0+ZgÅ�Sy»ik,{
J-àŠ}XZzgtY0+ZgÈ3,Zƒ@*ì�	Cg8- Water Lily Šzu} (Pollen)

ÐgÉgppÅ$zg~Æ‚BaZHŠHìXZknz{Šgc*ñZöZyÆÓx
Water ÃF,ßŠï�XZ#Sy Water Lilies %æFNæYßV~ÐtÈ3,ZC

ZLêV~QyÃÈ™fe�@*	Qy6,á̂zZà‘t)È3,}(ÈƒYñ Lilies

Zzgic*Š{Ðic*Š{ik,{½™ZÃXA$Zq-gZ]ZzgŠy{~gÄ™È3,zVÃWiZŠ™Šï
�ZzgQZCg8-$+wfe�@*	Skn»È3,ZŠz!*g{QyÆ;VWä:0*ñXZ[t

†!g8-~Šgc*ñWöZyÃ=ä”�X ÔLily L»{ØCg8-»�á0+Zg
HtÎdŒµ"Zq-Z+´Å»g*Zg~ƒ$Ëì�	pŠCÙqÐ

ÑDƒCìX"—tÓx»xZväZLûzSŠgZuÐ‚g~qzVÃaZÅìX
ŒV6,Óx¬]»Ü9e@*ì	7Š}éŠzu}Y0+ZgzVÆSk»Ñ]~
¬„ÐZ•ðñizVÂñVÐWgZ3GY™z�Š~Ññ‰�ŠgÇZv
ÐÔZzgtƒZL{ÛÆ£zzYÆ‚B]*Zggì�X
/Zq-‚|#�A-VÃic*Š{'×Z›¯Cì

Z
+B542.ç
E
EGEGJ8-»�á0+Zg�á‚gŒY@*ìÔ@*ëzZ§�Sk g N*z Eiffel 85Âî

GW°iâ:Ô

Zurich, ÆeiZíÅãCŠåÔQkÅ¯z^ÐÃðe:‚w¬zZµƒZåXSkÅ
~SkÑÆ�ƒð¶	LLgZyÅA~Æ=m‚|#óó»ZÖg™**åX Study

Hermann Von Mayer ÆŠìÆZzZb~Ô=ôZÑ¡IY»âCÙ 1850

gZyÅA~ÆZk•}Æ!*g}~_·™g;å�	ÃÛÅ�h~ŠZ4ÅYC
~ (Socket) Æ‚– (Hip) ìXgZyÅA~»aç LZUÆ.ÞÐƒ@*ƒZÃÛ

ŠZ4ƒ@*ìÔZzgŸÆziyÃ%œ/Yf/ÐŠzgÌemìX
äŠ¬	gZyÅA~ÆZ0+gÆÔ�	ÔZ#	Zq-ZÌ! Von Mayer

7ic~ƒCìÂZq-Hziy',ŠZ“™äÆ‡.ÞƒCìÔZq-zZuA~Æ
6,„Œ7ƒCìÔÉA~Æ

(Ÿ-�õ
EE

eÔZq-F,KMzZgzZw9Å (Piece) •}
ÆYäYD�X Trabeculae ÆgBbì��g

Æ!™)ÿ{ä Von Mayer, Karl Cullman ~ÔZ#^ð NLkZ
+C42.ç
E
EGEG 1860

äQÐZq-A~»Zq-Z(•ZCc* Von Mayer 6,Wc*åÔ=mâCÙ (Laboratory)

äYy0*c*å	A~Å‚|#¼Sk§b Cullman åT»	z{_·™@*g;åX
eiZíÅ̂¶	z{ziyÆ1úZzgŠ!*îÃÁ™äÅ&¢AgBb¶X

(Studs OW,ÁZ0+Zi~�g¢ïÆ±5å NEH}Zzgé  Trabeculae Oç
ÆZq-eÆ̧]ÆèoÅF,KM~z{aZƒD¸²ë and Braces)

9}ƒD¸X
ÔSyŠgc*:VÃ‡.Þ¿ÃtÅ Cullman �gZq-gc*èŠZyZzgZ

+B542.ç
E
EGEJGÆÔ

ÆeiZíÅaZö»!*)̄¯åX Eiffel Tower ^~7HåZzg�âewÔ
ÆŠJCpŠHV¯CìZq-zZw Eiffel Tower 6	gZyÅA~~Ô

ZK̈ãÆ Tower 9Å‚ÔÅ¯z^ŠJCézVZzg,zVÐX]ìSk‚|#»Ô
Æ (Bending and Shearing) ‚B‡.Þå9Zƒä‚BñhZzgŠz�áQ8

ZW,Z]Æ�	ƒZÆŠ!*îÅzzÐƒD¸X
eiZí�gZq-âewÆ÷eiZí~ZEwƒ@*ì Radiolaria
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ÔZ�x�	«g~gT�ÔyZC)bÆ Diatoms Zzg Radiolaria

£g~ÖVÅÇzZƒC�X|~Ôt
(Ÿ-�õ
EE

‘‡]ÔyZC6,Z7»4ø EHÆn
(,}e:6,Zq-(,~®ZŠ~Ô!’k]aZ™D�X

Pavilion 6,¡Zq-VwìX 76ÔExpoÔPavilion» U.S. âÚc*w~Ô
Ð!’k]ÐqÝHŠHåX Rodiolarians »÷Ô

~i²!gzuåxeiZí (Honeycombs) /ßÅHVÆy
ßÅHVÆWVÅ¯z^Zq-(,~®ZŠÆZë̄ZZ+Ã7™CìÔT

~Zq-Šzu}Ã@Zc*]Šï� Hive ~¢ïÌ�áïìX6	ªVZL
~Ô ("Waggle Dance") ̀Åw»]

z{Ñzq™D¸Z,Zg¬�á]�	Zq-‚|#~Z,gLZ…ŠÆÔ
Zq-i²!Æë&Ïî FOƒMh�X9Ÿ0î FGÅŠ-Zg,Sy&¢A½}vyg‚y
Sg¬�á]Ã_.[™D�X

x¦/+Òy™@*ì	yZCâCÙ+Ôi²!Ægzuåx¤&½ø
EYÆ Nature

eiZÓ~SkZd‚|#»ZEw™Mh�X�áï™DƒñSkg7g^~Ôƒ@*
Å§sÐÔ�̀* Jurgon Tawz åfs»Zq-Òy-Eg;Wszgi',vÆ

~Šc*ŠHåX
LLZg¬�á]ßÅíÆỸV~égLeäÆi²ßVÆ�aZ

„ŠNƒ@*ì	ùt‚|#Sk6, ƒDß̧ÅHVÐÔSk§btŠ9¹
gŠ¿»ZÖg™Cì''

QkÆÍÆŠzgÃ'yZCâCÙ+ÆnæŠÇgƒYì7ªÏ
™äÆÃµZbZYZq-¤8-Æ{mîg6,i²ßVÆn)ôpƒVÐ'
$zg£â]Ã)¡‚ugKY]~¤&½ø

EYÆvyg‚yZg¬�á]Ã_.[
™äÆn''z{A$¢o™Mh�SygKY]ÃÔc*85Âî

G
”gs™ZMh�Xóó

6	tƒeD�Ôy�ßÅªVSk"Í'gCZ"gÆ
‚B¯C�ÔƒD�eiZíÆ�{�á‚gt‚854è

EG
G9Ÿ0î FG~ÔZk§bûZg™D

�gZ3ÃyZCâCÙ+Zzg‚bŠZâVÆnÔŠïƒñQ766¦gZ]Ôt
Ã (Combs) ÃñµŠêƒ¯äSyWV (Bees) Z·t7ƒ@*ì�ßÅHV

SkŠg6,¡½ï EHîg6,�{Ô6	Zg»YIŠúò™D�Ô@*ëZvÔ�"0*c*V¤‰ÜZzg
Ãt&¢A«™@*ìX Bees D»â´ìÔ

/)-VÆYßVÐQ~.™Š{yZCeiZb
ÆxË (Tarpoulin) ‰)c*VYßVÃSk§b&4-ö EN

EG�	�Zq-F,0*w
�gÝsÆÄh-V6,²Y@*ìX — ƒ@*ì
Yw¡~îg6,Q‰ŠJÍVÐÄh-VÆ)gzVÐÝƒD

�Xt1ú−}Âx)~ÃZLYwÃ;ñgpp»ñµŠï�Ô²~iZK
¤‰Üz¢ïÃ¯ñgpp~Ãðg¬e$gzZ7gnp�X

Sk�á0+Zg&½5ë HEÅÜSK̈ã;ðVÐFZq-‚½V~Åˆì�zWgK
™D�XSy~Ð‰/Ëw Cover Y]Ã

The Munich Olympic Stadium, Jeddan Airport's Pilgrim

Terminal, Zoos in Munich and Canada, The Sydney National

Athletic Stadium

Schlumberger Cambridge ÔZzg Denver Airport in Calorado

g^açSyÓxz[X¤8-&½5½ø
HE

»pŠÐGÔË)~Z0sÃZq-îs•Š~
Z
+B542.ç
E
EGEGJ8-R,“Ð*g**ƒ@*ìX�	Ô"—Ô{g`ZiÎZwìX)c*VÔ¼Ì

7Y„�!*g}~1úÑŠäÆc*yZCeiZíÆÔ¡7™C�QÏZ0+Zi
~TÒpÐZvQy~!’k]aZ™@*ìX

//
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âZV!*[

�	Y0+ZgzVÅÜ™@*ì (Robots) /¥z!*F
éQygKY]Æ�WßŠ{ƒD�@*•g~ZW,Z]ÐÔZzg�}cñ

iÐÔ«g~�ZÇVÐÔz{ƒD�ç**u£â]SK̈âVÆnX
 Z&q]zF,ªVZ9**ãZzgÛR,)ßY~øg~gÚ~Åì¯ä~

�	Z,£â]~»x™YìXzZªîg6,ÔtŸ$ŒÀö E
Y

#$YCìZ9Zã Robots

ƒC¶ — zg¯ä‚bÅZq-�ácpŠÆZL§i¿~« Z Zzg}ãÐ
gz1&½ø

HLXSy„ŠâV~²z{�¥z1ÀÆ‚B»x™D�Ôgnp�Zq-*
‚bŠZVZzgZ

+B542.ç
E
EGEGJk�	 Biometic Robotics ¦gZLZ¤{~:z{¸

~ẑsƒDÔ̧Z[¢™äÑ�	Zq-{m»xÆn Robotics

»eiZ•™**¬îg6,i7ƒ@*ìXz{ìw™D�tic*Š{W‚yZzg Robots

»Ô�	Y0+ZgzVÅS:]Zzg&6VÅÜ Robots ¯@*ì4™»qï¯**
ZEw~ Robots ™D�ÔQyâjßVÅ_“~ƒD�˜VÆnt

Biomimetics Robot WäƒD�XgŠãÅ`ÆnÔVwÆîg6,Ôz{Zq-
Åx¹g‚rƒ@*ìX (Ant) c*Zq-w‹ (Scorpion) »g™D��	Zq-–

ÔSk Neurotechnology for Biomimetic Robots Zq-Â[Ô
ñçq6,fsÆ¥â]gBbìX

ÐZƒ@*ìSkÒpÐ	 Robots ÔgzZ§ Biomimetic Robots LL
z{(¡ç FNöÔ×ÂÔZzgâjßVÅÇ™*Æ‚B"5é ELE{™äÅ&¢AÆqïƒD

ÅZ
+B542.ç
E
EGEGJ8-ÆnZq-¹„å¥â]Qy§»CÂñVÅ Robots �XSy

Šg»gƒC�X6,	QyÅãCŠƒCìÔŠzâVç
².1¹ÿ GZzg‚Û-ÑŠÅð LÖ6,Xóó

'Wy~2wZq-pŠUggz!*Ç̂sV~aZ™**ƒ@*ìÔZq-�	
ƒZðc*«g~˜i`äÆZzgZLâjwÆ‚B!*^¤/ZW,Z0+ZiƒäÆÔ7g}

Å8k5éGOCãCŠ6,%ËZq-ZK̈ã»gÁÆfg)WâŠ{ (Feed Back) îg6,!*i¦Ï
GYäÆ‡.Þƒ@*ìX�¼	‚bŠZâVÅY0+ZgzVÅÜ™ä~gÉð

ÔeiZI Hans J. Scheebeli ™@*ìz{Qy»"Í‚ÛpeiZbƒ@*åXZ
+B542.ç
E
EGEJG
ÆYãYCìÔÒy™@*ì	Aic*Š{z{ Karlsruhe Hand gz!*S-á»��g

k6,»x™@*ìÔQÚ„ic*Š{z{SK̈ã;BÃuZLìXz{'×h+Hì	z{~i gz!*S-í
z‰ÜÅ»°¢zg]ÃCk™D�ÔƒÉ$4-ö NIEW»g™ä85Âî

G
P„ÔFZq-»ñV~

Ð�	Zq-SK̈ã;Bl!7gZ™YìX¢zg]6,Ô‚bŠZVßvZ,Z%
Y]Ð‰ÛR,)ßYÔ}ãÔZ9ZãÔgc*M]Ô…3š5é EG]Ô6Zzg§»]Ð

ÐZq-Y0+ZgÅZq-{¤ÃX@*ëZg»YI Ç ZĶÂVÃZ‰™**ƒÇÜ™ä
~iìw™D�‡ì™äZq-ìw)©àîg6,ë{‚854è

EG
GY0+ZgzVÅW$Ë

ìz�Š~"‡°{îg6,ÔpŠÆZL_.X

/ÂZiyÆ!hÏî6,‡10*äÆngz!*S-S:]
‚zVÐÜÅYC�

»ñV~ẑsƒD�ÔFZq-)b~ Robotics QyÆn�
�Robots ÐZq-»Ô�z{Ò]Ð‚o™D�ÔÂZiyÃ‡ìǵƒ@*ìX85Âî

G

qD)ßYÐWgZ3ƒD�ÔZ#z{º�ZCÂZiyÅMh�XZq-&‚!^
%ËtÆZLÂZiyÃŠz!*g{‡ì™YìÔ@*ëgz!*F�t&¢A7gnp�Ô
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�	 Robot ¢zg]6,Ô‚ÁZzg¹„ÁZEwÆƒYD�X|~ÔZq-
6,ZL�ÛZøZ�xŠ¶Æn»gHåÔÜsz„zzÆnÔ Mars ä(g{ Nasa

!**îg6,ZEw~:WeåXQkÆˆgz!*KâCÙ+äZKÃ@V~ZŸ†H
å¯äZq-ÂZiyX‡ì}2xZzgOñŠÚÆZq-‘tÃ�LZCÂZiy7Å@*

ª	‚,$ÆX —ì
Zzg�ZgbÆ Spine Šzu}Lz~³ZâVÆ',ÜsÔ‚,$%Zq-J

ZzgZ,Zq-§&ÐaZHŠHì6	z{”¯VZzgŠgZhzV~ŠZ4ƒ@*ìXz{
ZLZ�xÆ¢zVÃ;c*]¾æ NHZMh�Ô�ápVÃiMh�Zzg"âV6,ÒZzg
_5ë NEMh�X‚zVÆtS:]Zq-6gz!*S-Æn!’q-aZ™D

Ames ÆNASA »gG‰¸ Interplanetary Probe �XOç
Æ**xÐågZ™D¸Xt 'Snakebot' ÐTÃz{ Research Center

Sk§bÐeiZíHŠHå	z{ƒ@*åZq-xÂZiyÅqª~Ô% Robot

g»zIVÆ¤/Ä~WäÆX
/Z0+gzã»y~ÂZiãçÔ¥z1S-âCÙ+Ãª]iŠ{g‚rì

Z0+gzã»yøg}ÂZiyÆÂx~Zq-Zë™ŠZgZ�xŠêìÔNzw
™Dƒñøg}‚g}ŸÃCÙœ6,ZzgëÃñµŠêìZ�xŠ¶**iuëWyV
‰Šg»gƒC�Zq-!*i~¤/Ð�Zq-—£x6,Z|‚~ËgÏ6,¸ìX

ÆY**Y@*ìÔ& Labyrinth Z0+gzã»y~ñ�ŠtÂZiy»%œ/Ô�g
Sõ(¢~ƒC� 0.26 B¢a) 6.5 gK4ŠZ],z~**CV6,Œƒ@*ìXt**1V

Sõ(ƒC 0.016 B¢a) 0.4 ÔÅ?(SyÆZ0+g/eö Cross Section ZzgÔ
0*ñYD�XZq-ZÐZŠ~**à (Orthogonal Planes) ìXÐV¾éyZâV

&¾éyZâV~ÐZq-Å‚~"g~¤/ŠØVÃCk™CìXSk§b
ÐV**1VZL}òÃ5C�ZzgŠî�&¢AKÅ¤/ŠØVÃËZq-‚~

&Z…Š~(~XSy&**CV~ÐCÙZq-~ÇhJâùƒ@*ìX**àÆZq-
~Ô¡½ø
ELƒ@* (Crista) ƒ@*ìÔ�	Zq-Q½ZƒZgK Galatinous Cap aç L}6,Zq-

ìZzgt8k5é LGOC!*wÆŸ]Ðe.ƒ@*ìXZ#ëøg}aç MzVÃÌ�Ôº
�Ôc*Ãðw•™D�ÔSy**CV~»ÇhJâùúg{Y@*ìÔ§ŠÅzzÐX

ÆÜsejìÔñhDƒñSÐXtñhÅeö!*w Capula Æª Cap âù
 Ion ~ƒCì6	!*ßVÆSg¬l$+s�Ÿ]~ Crista ÆŸ]Ð

ÆÂZiyÃ�QyÐg*~ƒD�ÔaZ™D�Z9$¹Ðö G]½5Òø
YE

X
Cerebellum t]½5Òø

YE
�	Z0+gzã»y~aZƒD�Z¡[Æfg=

ÃvGYD�Ô�	øg}
(Ÿ-@î EGEÆÔz~ƒ@*ìX

Ãv™D�ÔCc* CerebellumÐLabyrinth tZ¡[�]½5Òø
YE

Ã
DÙZgZ¡!g8gnp�X 20 ŠHìÔ	z{ZL~

ÐWðƒð¥â]ÅF,)ã™@*ìÔ@*ë LabyrinthÔCerebellum

ÂZiyÃ‡ìgppÆnÔSkÃŠzu~¥â]ÅÌ¢zg]ƒCìXSknÔ
ÐqÝ™@*ìÔ Muscles Ú¥â]WçÐZzgŸÆ‚g} Cerebellum

!~Ð=ô™Dƒñtƒ¥â]ÅZzgŸÅ7ic»%œ/Yî/i}Å
Z0sÆÒpÐˆ[Î@*ìXA$SyÏCˆ!*]ÅãCŠ6,Ôz{Z¡[ÆÂ‰

ÇÐw»]Æ!*g}~¶K0+„™D��	QyÃÂZiyÃ‡ì MusclesÐ
™äÆn™**ƒ@*ìX

t)©à§i;ñ¿Zq-²ÆDÙZgz,zÐÌÁz‰Ü~z̧q
5+k,ƒD�XXÆ³~Ôë½ÔŠzhäÔZq-‚$¹ÿ

J
`äÔZzgZ7gFÉ

Æ‡.ÞƒD�%85Âî
G

zZ<ƒä	tƒƒgìƒD�X@*ëZ¤/˜ƒD
ë»½6,Óxˆ!*]�ƒgìƒD�øg}Z�x~ËZq-œ6,Ô¬]DÙZg;
,]½ŠïƒDX!**îg6,"ÍÔøgZÂZiãÂx¼Š¹„ë{
}2éÆfg=»x™@*ìÔƒZgno!*bÆ!*ëï™»x™D�X
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âegy‚bZzg)ßYÃ~iǵƒ@*ìÅÜ‚g~¬]ÃQyÆik,¿
QßßVÆÔz„ÜsQyÅÜ™Mh�X

Zk~Ãð—7t**eƒ@*ìZ,Zq-ë{eiZíÆnz�Š~W**
Z·tÐÔ6	ÃtZg»YëÐÂµg‚rì	Z(¼¢™,XCÙeiZíÔZq-
!*¸eiZIÆz�ŠÃªCÙ™@*ìXøgZÂZiãÂx»ZdeiZíÔZvÆz�Š»Zq-Zzg
o]ƒ@*ìÔ�QkÂxÃðHìSkŠg(.ç NEE{Zzg0*À{îg6,ÔZzgZLÑözŠ=z
yŠzŠZÔ~Ð	T»Ãð�Z[„7ìX

Sk|»‚oƒ@*ìÂÔSK̈yÅf)ŠZg~}.Z»]¾æ INZŠZ™äÅƒCìÔ
�	SK̈yÃZ+Zq-�·‚|#Z0+gzã»yÅ̂~«ÅìX

/Zq-gz!*^–�	gŠyÆJqÑ]
',ŠZ“™äÆ‡.Þƒ@*ì
gc*„;ñ�{Z%M~ÔæZ¢š-ö

EG
F,¹c*CîCµ/YCZàZq-

gz!*^–Ã»g™ä»»x™g„ìX
zzÔ6,Z7½ïEH»Zq-–»ZN[™**�gQkÆZq-âewÆ	gz!*^Ã

gŠy~»x™**åX–‡.Þgì�i0+{g�ÆgŠyÆJqÑ]~Z#
Ð	QyÅðÐX@*ëŠzu~zz	YVZàäZq-–»ZN[Hå�	‚B
~w•™äÆ‡.ÞƒäÆJ«i}6,¹„W‚ãÆ‚BÔQkÆ)
Åg~@*W,Z]£¨~¬îEVÆÔ¹„‚Š{F,ƒD�XZzgÜGYMh�X

ISkÆQyÆgz!*^»g™,ÔîCâCÙ#èGELZEw™DƒñZzœ
gëgÆ"}ÔZq-îsz‰Üi0+{–îVÆw»]»x@{™DƒñÜsHåÔ

ÆZEwG Legs Å=ôÅ¶XẐfZyZgnoZzĝ–Æ Video Data Zzg
‰¸�gZq-Ẁ¸iÆâewÅðÆn

Zõ(Ægz!*^–TÃ)ƒ@* 20 Zà»Ñƒ@*ìǵ7kv¢a)

uZupŠÆ — é(ŠzgZq-¶K:6,gŠy~ZzgA$ßRƒÇ 25 ú¢a) 40 ìZq-
ZL.Þ1D6,Ô%qÝ™DƒñËÌ4VÃX

Alan Rudolph Zzg  Frank Kirchner 1V~**gBZ7y-Eg;6,
ÐeiZíG‰Ô̧gz!*^ë{)bÆ!*g}~ÎaXg™äÅ&¢A7
g‚rìXZ#Zq-Â»‚o™ä6,Ôz{¡ZL)Åg~@*W,Z]6,‡™@*ìXt
!*]QkÃñµŠîìËÌ¥»z^6,‡1qÝ™äÅ�	ƒYìQkÅF,¹~

g‚rUltrasonic Sensors Zq-"yÔVwÆîg6,XQkÆâ¸6,Šz — qbƒ
ìXHQkÃZq-¥»z^»‚o™**ec�QkÆŠÆWŠñÐic*Š{Zz™ðg‚r
ƒÔz{ÃÒ™@*ìYäZ§ZsQkÆX

!*NY+$»Zq-¥»^ÅÙ|#™@*ìÔÂz{ (Detector) Z¤/Ù|#à{
Zq- ¦SY+$'ç NHY@*ìXgz!*Ã̂Zq-{mzÅ§sYäÆn¹YYìZzgÔ

ÃZL£xÆ£zk,X Base "{Æ‚B�QkÆ™x~ƒ@*ìÔzZ:&ì
~Xt Arizona Ð�ƒñ¸ Trials Wgò(,}e:6,OW,¶ U.S.

{m QyÅYCì	gz!*^ÅZLgZ3Ã0*äÅ&¢AYäZq-N*g¡Ãƒ$Ë�
ƒD�X (Town) îgÐ»gWæ)}ƒñkBÆyZâV~‰	NY]

ÆÔ (Lobster) /ÇéZq-ÇeT
tgz!*^0*ãÆŠJgzVÅÙs#™@*ì

85Âî
GW7g}îg6,WgZ3SK̈ÿ©pgßv|ìZzg¾{z{@*g0*EV~Ð

w•™ä~)]gnp�ÔµÆ‚BgÂuƒñ*gD�˜V6,t
w•™Mh�ÔZzg Lobsters J²¡ç NŠgZÔgâc*Z

ÄBgö EÐe.ƒ@*ìX Bottom

¹„W‚ãÐÌXpZ[J-Ãðgz!*7̂¯c*ŠHìZEwÆn«gÅµ
6,�»x[g;ìZ,âjßV~X

 Marine eZ],ËÔ1V~ñ�Š**gBZ7y-Eg;Æ ÔJoseph Ayers

99100 ¡~§»CÇZ]¡~§»CÇZ]



ÅÜ™@* Lobster ç»Ô`g;åZq-6,Z7½ïEH»g™äZq-gz!*^�	 Science

ƒX6	z{Òy™@*ìÔ6,Z7½ïEH»&»41¹ÿ
HEGÑqÝ™**ƒ@*ì6,z¤/Zò¯ZZ+Ã�	

³ZyÆÂégnp�N*g¡Æâjw~X
ÃŠgc*:V~Zzg "Robo-Lobster" z{Âµgnp�ZEw™äÅt

Hì	gz!*^£g~îg6,Sk»x Ayers ~X (Disarming Mines) `»âV
ÆnñizVƒ@*ì:

Z�xŠêìZ#	z{ˆl Lobster LLŸ»ñVÆ§i¿»�	Zq-
~ƒ@*ì½ZÆÔƒ@*ìÇÐz,„�¼	Zq-eLìZq-gz!*Ã̂Z�x

ÆZW,Z]ÃXóó Mines Š¶Ø`äZzg"ZW,™äik,W[
Å̂QkÆn'×ZØ™äQ«™¤/äÐc*!gëg0*ã Lobsters

Æ·î~w•™ä~æŠÇgƒCìX
T‚~z{eT�¹„ÂqªÆ�Ìz{WÐ(,"Æ

ZK Robo-Lobster ‡.ÞƒD�Ô85Âî
GW¹„gs«i}6,ÌXSÏÒpÐÔ

ŠxZzgãV»ZK¢ïÆnZEw™@*ìX
Æ8k5é LOGCZ¡IYÅ Lobsters, Sensors gzc*]6,ÔầzXZ9zX}o
ÐWgZ3ƒD Antennae Zzg Current Sensors ÜƒD�Xgz!*^0*ãÆ
ÆÒpÐ Currents �Ôgz!*^ZLw»]ÃZLZ§Zs0*ñYäzZá0*ãÆ

Z(g™YìX
Æ‚»çZL!*ßVÆZEwÐ Currents, Lobster Zq-i0+{

ÌSÏqÆ”wÆn Sensors X}o z ™YìÔZzggz!*^Ñ_ÆZ9
ƒD�X

Æ&½5ë HE»ZEw Lobster /pÒc*]ÅÙ|#Æn
ZL$ðEN (Lobsters) ZzgeT (Crabs) ik,W[‘‡]‰ð}

»ZEw™D�0*ä½ZÃÔ‚¶Ãc*¸vå3ZL (Sense) Å™ (Smell)

Æ81ºÿ FNEÐX (Pradators) ¸g]¤/
ÆOg6-Eg„ÐîCâCÙ+Zq- Stanford Zzg Berkeley

QyÆZ§ZsÅ™*Ã Lobsters »Ÿ^−¸�ªCÙ™@*å	ù Study

^ð NŠ™D¸X
Zq-¹„ˆk™Å$ðENÃgnp�ÔTÅtS:]ÅwŠî Lobsters

�6zŒVÃgz!*^Z
+B542.ç
E
EGEGJkÆn�ÃÒ™gìƒD�¯ä6$ðENÆ

Og6 Integration Biology Ô6,zW',Zñ Mimi A.R. Koehl-Sensors

-Eg;Ws',µ~ÔHì:
LLZ¤/?%SK̈yÆÇhc*Vc*gz!*F¯**eTƒÂ?ÃY**ƒ@*ìiCÙY

1CÃÔZzgZ¤/ Scuba Diver 6,˜V6,ë'7eTƒVZq- (Toxic Sites)(
?eTƒQygz!*FÃ�‰qzV»Îfe�ØÎó™Ô?Ã¢zg]ƒCìeiZí

ÅQyÆnXóó Olfactory Antennae ™äÅ**ÃVÅc*
Î× (Crusta Ceans) ZzgŠzu}pwŠZgY0+Zg (Lobsters) eT

Å¯g~!gëgw•Ð$ðENÆâ~.ÅY+$Ô@*	 Antennules �Zq-�h
ÆÛzy6,0*ãÐ−}$ðENÆ‚>VÐ Antennules !*w Chemosensory

«g~gL Caribbean Ô� Panulirus Argus Ók~WÃX{gŠZgeTÔ
Antennules g‚rìXQkÆ Antennules Sõ(ÑÆ 4Ð3 v¢a) 30 ìÔ

Æ̃z!*wƒD Brush ÆÁƒñaç LzV~ÐZq-ÆÛzã)g}6,Zq-
Zq-z�{mîgÐ

².1¹Òø GÆnˆkƒ@*ìX —�
Åu¤/ŠÏ~Zq-}oÑ$n.ç EH Koehl Zq-¤/z\îCâCÙ+»6,zW

Å!gëgw»]Ð$ðENÎŠ™@*åXZJ**] Antennules ¯c*å�SÏ§bÐZL
Z�xŠñ‰Q̧k&½5ë HE ÔDubbed Rasta Robsta Zzgx@Z]Skgz!*^ÆÔ

Z!‚÷he»W! —Scaba 1C
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ZEw™D�ÎØÆnX Lobsters ™äÆn	 Study Ã,~
ÆŠzgZyÔz{ej Down stroke ËqÃÎ7eLìÔ LobsterZ#

Ã0*ã~»°!he0*ãÐ−}$ðENÃŠvDƒñ8k5é LOGC!*ßV Antennulesì
~X BrushÆ

6,Ô¾qwÔz{¹W×ÐÌð™@*ìÔSk§b0*ã Stroke zZ3Æ
ÆggZ]�!*ßVÆ (Odor) !*ßVÆŠgxyw•™äÆ‡.Þ7ƒ@*ìZzg$ðEN

ÆŠzgZyM÷nYD�Z#J-	ˆ Down Stroke ŠgxyŠ›ƒD�
WÐÔúZq-£g~gëg6, Antennules ƒ70*@*ìX Down Stroke »!

ÆnÎØÆ‡.Þ¯@*ìXZJ**]CD�	Z¤/ Lobster w•™**
ic*Š{WoÐw•™D�ÔÂ0*ã!*ßVÆŠgxyÕ70*@*Ôt Antennules

§i¿pwŠZgY0+ZgzVÅÎØÅ&¢AÃÁ™ŠêìXSknÔz{ZL
 »Zq-Z,Z0+Zi~ZEw™@*ì�	z{ôp™äZzg¤/Ä~he Antennules

~X (Plume) Æ85Âî
G

gL·zÂVÃ$ðENÆZg‚iÃZq-0*ãÆggZ]
Å‚|#Ô MusclesÆ(Worm) /Q}

6}oÂñVÆngZ3‚iÇg™Cì
ãŸÃeJ(ìg3V6, ÆWÕVÆQ2Z Worm �	Zq- (Skin)¢

ŒƒCìÔ�	f¦YD�Zq-°6ŠZĝ~Z§ZsZzg‚B‚BŸÆ
Zq-¹„OW,±è NEeiZíƒ@*ìX —

»iZîZ0+gzãŠ!*î~Zq-ZŸ†»:LáC Muscles ŸÅŠ-Zg~ñ�Š
„g8¢~QkÃgD V ZLÃ̂$+%Æ‡.ÞƒY@*ì� Worm ìÔZzg

�ZzgñKqªÐDZzg¡qª~WYäÅZYi]Šï�XtãCŠƒCì
w•™D�X Worms 	ù
t"Vw}oÂxñ�Š{ÒpÐ66,Z7»4ø EHÆn!’q-aZ

6,XZq-Š/ Reading University Centre Æn Biomimetics ™D�Ô
ÆèoÆ‚BF,KM AnatomyÆWorm ~ÔZg$o-ö GIJiZz-VÆQ2ZäÔ

Ð½** Polymer Gel Šñ‰¸XSyQ2ZâVÃZq-0*ãÃ_.[™äzZá
Ã;äÅzzáCìXSk§bÐÔ

².1¹ÿ GÂZ**ðÔ Gel 0*ãSk Ô ~ŠZ4å Plan

}oÂZ**ð~$+àYCìÇ9(~ÔZzg³~qÝƒäzZÑŠ!*îôpîg
Polymer ~g3Y@*ìXZ#Zq-Ši;îZzgiZî Bag 6,6ŠZgîg6,f¦‰

»Nzw~WY@*ìÔtÂµÅYCì	³~qÝƒäzZÑÂxéZq- Gel

Æ»g™ŠƒÇX  Muscle ¡¦Ô
CÙY0+ZgTÃ	Zq-SK̈y�gZq-âewÆ©8ìÔZzgCÙÂxSk~»Ô

}.Z»ÔQyÆn�¢gnp�XSkCðÃZq-We$~ªCÙH Sign ìZq- ƒ@*
ŠHì:

LLZzgSÏ§bpŠvg}ZzgÓx‘‡]ÆaZ™ä~85½ð EEi}~;
(4 g3ìÔŠÑb�QyßÍVÆn�¢gnp�Zv6,Xóó)Îg{ZÎšÔ

Ô6)ßŠzŒVÃÅs�tgL (Feet) Æc (Gecko)@
gL,V‡.ÞƒD�Šzhä¹!Š-ZgzV6,ZzgZ§ZsQD�WV
ÐÂƒðqpV~Ôz{Ì¹„WgZxÐXZ#J-	qw~ÔëYy7fe
�	ùËLz~³ZyÆnteƒYìŠ-ZgzV6,m−é»gIyÆZzg™
‹zZ3[+gÆXZ[‚1‚wÅî]ÆˆëÔWylQygZizVÃÅw7Áõ FN�	
T6,QyÅ)©à&¢A»Z®gƒ@*ìX

@ÐQVñƒñ
(Ÿ-�õ
EE

ŠxÔi',Š„Šgc*:V»7ÐU*"$ƒD�
‚B~�á0+Zg}òÆ‚BÔ{mîgÐgz!*^eiZIkÆnXPZq-»Ü9
fs~Šg`ì:

Zq- Toes Og6~óâCÙ+¢™D�	@ÆGzZá
aZ™ä~æŠÇgU*"$ƒMh�X Adhesive ÈÔZzgpŠÌð™äzZÑ
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kHic*Š{ 600 Å¸]�g¥/Å¸]Ð Adhesive ÆcZq- Geckos

Rƒñ¤&½ø
EYÅŠ-ZgzV6, Gecko (,~ƒCìÔ»g™D�Xgz!*FXéX

m|Mh�ÔXäQyÃ�¤&½ø
EY

~̧gƒD�X
ÔgK0V~(,}¢ŠZ]ÆqïƒMh�Ô‰ AdhesiveÈ

	zpW!Y]ZzgÛR,®y~Sy»SEwƒ@*ìX
Z#	z{Zq-RÐéƒD�ÂpŠlŠé  LegsÆ(Gecko)@

Æ�Z!îg6,»x™D�Xtgz!*FÅ{¤Æn�g  (Springs) ¾EV
Æc (Gecko) {mñizVƒ@*ìÔ�	ZL~Šâ©&¢A7gnp�X@

LZKZW,W�Û´Ã7ÅD�ÔSk!*]ÅÃðZÌ7	¾Šgz{ZEw~
ƒD�Ôz{pŠÐZKÌð™äzZáZzgz{ÜîV~c*ik,W[Ì»x™äzZá

Ãñ}g�~æŠÇgƒYì Parts 5ìŸÆ Adhesive ƒD�XZq-È
ZzgZ#	Sk»ZEw‚ÓCF,y]Zzg3Åù~ÆŠzgZyÌƒ@*ìX

ÃvuÐÎñgÄYìX Tires »gÆ Adhesive Z(Zq-
Å CracksÆ(Piers) Æégz!*FÔ˜izVÔ&ÒðFNVZzgÍŠ~ Gecko

Å!*‡°{ŠN¸w (Satellites) %#Ö~ÌZEwƒYìÔZzg¡¦(gzV
ÆÒpÐgz!*F FeetÆGecko ~ÌZEw~WYìX (Maintenance)

Ã™s Ceilings âeÖ9YVÃŠðäÔWVÃ™s™äÔZzgZ0+gzãWVª
™ä~ZEwƒMh�Xgz!*F:Üs‡.ÞƒD�¡ZÌ!¥V6,
m"~ÔÉÃðÌg»zIV6,‡10*fe�XÐ	z{ZLgZ3~m"Æ

  ŠzgZyX�X
     

//

ŠÎZV!*[

/Šg]~)ßY
ÓxxâÃ8-Æ§jZzg‚iz‚ây�	Zq- — )ßYÅaZö

ÃðW‚yçn7ƒ@*ìÔYè — ºmÅÆ%~ZEw~WD�
FZq-ZbZYÃ!*ëZ‰™äÅ¢zg]ÑhƒCìXËŠñƒñgK~)ßY
aZ™äÅ{§ÔƒÐ¬ëÃ¥â]gppÅ¢zg]ƒCìXˆZfZVÔ
‚bŠZVZzg&»41¹ÿ

HEG†]�	Sk¥â]»ZEw™**Y…�»Sk)zZ]
~ZŸ†™**ƒÇXt†]Ã¢zg]ƒCìX9ZâYÅZzgœpVÅT~Sy»
ZEw™**eƒnXSyÓxz�;]ÆnÌÔ)ßY»aZ™**ƒ@*ìZq-Â
»gz!*g|~ÔQyF,ª]Å@*gõÃëÒy™D��g)ßŠÆÔÐ
Z.Š{™D�ÔQy~Ð¹„ÁzZ¢š5é GGSSÐaZ™D�X6	‚bI
Y]äâ^HìÔ)ß81¹Ðö EGaZzZgÅM®ZŠuât»g~Ô¥â]ÅŠø7!Zzg

Zzg (Originals) î]Æfg=�g}òÆQ½D�Zzggnp�QyÆZÝ
Ýw"ÑgŠg]~X

**òÂ[» Wild Technology ÔZq-g‚bŠZVZzg Phil Gates

'ÔSk!*]»ZÖgfsÅZ˜jV~™@*ì:
LLøg}4+ZXŠZ]~ÐZÒÝwƒD�Ôc*¬„ÐZEw
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~ƒD�ÔŠzu}Y0+ZgzVÐXëäøg}(g{~zŠZgY0+ZgZ�xÅ
zW®ZŠ»ÜsZq-

(Ÿ-�ö
EE

ÏŸÆŠgc*ÄHìX}:}ÔQy�3Z�x~Ð
�	°xŠgc*Äg{‰�Ôz;VŠgCîg6,ZXŠZ]ƒC��	øg~i0+7VÃ
‡Jgm�Xz{ëÃ6ZŠzc*]�ÛZë™$Ë�Ôy~ZâYÔvyg‚yqzV6,‡1
0*äÆZzgWßŠ7VÐ3ëÆ§hVÐgzÙk™ZD�Xóó

W�yÐi}J-Ô«gzVÅ�ZÇV — øg}âjßVÅCÙoƒ(
"Ñg)ßŠZÛ1VÐ½}ƒñ�ÔQy~ÐCÙZq-ðÅZq- —J-

»gH aZzZgìX85Âî
G

‚Š{F,+QaZzZgg‚rìZq-eiZIZzgZq-(˜V6,	z{
ŠHåXZ¤/Z(ƒÂÔtAîg6,)xƒ@*ìŠúò™**	�Y0+ZgZ�xgnp�
Âé"éîg6,Zd£¨~i',Š„»g{âVÆQyÆZL%æFN“{�~Æ
‚BHÔaZƒMh�Z·tÐÔc*pŠÐÔ�gZq-³Æ8qÑ]ÆX

CÙY0+Zg—gBbìZq-ZdÔ6,¡½ï EHeiZí�	Q½Zå"ÍZzgåqª
~ZKðÆŠyÐ„ÔYèZv„z{fZ]ìTäQkÅ"Íîg6,ð
™@*ìX

~ëðÆ‰ZÛ1V»ç¤™,ÐZzgQy» (Chapter) Sk!*[
».ÞŠzgq¢Å)ßYÐ™,ÐXëÃSyVßVÃøg}ìÑ]ÅQhZyÅú
Æ‚âyÆîg6,¢8ƒÇÔ6	ZvëÃŒÛWy~@Ze$ŠêìÔ

LLCÙg�qƒäzZáÈ}Ænt�á0+Zg&]fg=�ÓCðZzg
(8 )Îg{tÔ             »Xóó ŠZ**ð

(Sensors) /7ŠzV~gzÝÆÙ|#à}
7ŠzVÆ‰Z0sgzÝÅu]~p=VÃ)©àîg6,K~

È™fe�X‰ (Petals) ˆkƒD�XZ#gZ]WCìÔz{ZL'c*V
‚bŠZV¢ — YwzZá7Š}Z(¼85Âî

G
WZ',WßŠñÌ~™*gD�Ô@*	

Å™«™äÆnZzgWäzZà!*gl (Pollen) MÐZLik,{ — ™D�
»ZEw™D Sensors Ðik,{ÃXñgppÆnZ(™D�XëSK̈yÌ

~ZEw Lamps ��gzÝÅu]~p=VÅÙ|#™D�ÔZzgQ7
™D��RgT�Z#	gZ]~Z0+ƒZYY@*ìZzg�pŠÃ+A£é ENEfe�
Z#ðƒCìX

ZzgQk»)ñÝÂx Eider Duck /
ë�¼½ZŠyÆŠzgZy3™Ç™DÔQkÐøg}Z�xwZgCÂZ**ð

aZ™D�XSk¤/òÆvyÃ¥z1»4+§iÔQkÃøg}Z�xÃ¹¢
ghäÐôp™**ƒ@*ìX¸zzì	ë]ÎVÆZ6,ÂVÃÛ�ÔX»Z®g

Sk ñÌ6,ƒ@*ìX¤/xƒZÔ�6,ÂVÆŠgxyõgSìÔ!*CÙYäÆ**‡.ÞƒCìX
ƒäÆY**Y@*ìX (Insulation) §bÐÂZ**ðÆvyÃ¥z)�g)ñÝ

)ÚÑàÆ(,~a(Ç¸§i¿Zôg™D�X Eider Duck

QkÃQhäÆ‡.Þ¯D�ZzgQÐ (Feathers) éF6,0+zVÅ§bÔQkÆ6,
ÐZC (Feathers)

$Š
÷ E
E
QkÆ5ìZzggzNŠZgJgÆ6, Eider ¤/xÌgnp�X

î̃¯ä~ZEw™@*ìXtZi+gÅ¥z”zZÑÒsZ&+zyÅ™«™@*ìZzg
%6,zVÆ8ðFNi}Q~ƒZÐQ½D�X

¤/xƒZÃXñgnp�Ôz{ZL8)ñÝ FeathersÆEider aè
ƒäÆ¹„4+̂ÃVwŠ}™ŒD�X

Šzgq¢ÆNhm"zZáZLñVÃ{m]kX™¤/xgnp�t
Ð½}gT��ZdŠgzÆwZgCpZmgnp�Ô (Feathers) ]kZ,6,zV

ÆƒD�X (Feathers) Æ6,zV Eider ‰	Qy

/Y0+Zg‘‡]~g6ŠZgy~)ßY
Ës†k´45Òø GEƒD��gzÝÆv™äÆ‡.Þ Fiber Optics
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'Pipe' W‚ãÆ‚BnZzgñh}YMh�Ôz{ Optical Fibers ƒD�Xaè
ƒMh�gzÝÆn85Âî

G
¹„**‡.Þ*g£â]ÆnÌX

gnp�œª‡.ÞƒäÅáYäv Fiber Optics Cables

™Mh�X Cables \â]Ã�Qy6,−}ƒDÔic*Š{4îg6,£¨~Šzu}
ƒ@*Optical Fiber ¹z,„ƒD�6	Zq- Fur 7Ñgg±Æ

Ã!*Z°Z„îg6,g#-Aô GEFÆŸ~Xaèg#-Aô GEF» ÃúV ìÔ�	áÆ¸ì$zgª
ÆSkin Å&6V»qïƒ@*ìÔÎg`ÅÃÑg#-Aô GEFÅ Fiber Optic ÔFur

Å&¢A Fur ‚B!*Z°Z„Ók¯ñgnp�XSkŠgic*Š{ƒCìg±LÆ
({7,YCìÔ6	 Skin v™ägzÝÃ!*z�ŠªñÌÆJƒäÆÔg#-Aô GEFÅ

Z¤/Îg`ÐVˆƒXgzÝÔwZg]~$+wYCìZzg_.[ƒYCìÔZzgg#-Aô GEFÆ
Æ"Vw{¤»Ô Fur ŸÃ¤/xgpp~æŠÇgU*"$ƒCìX]ìQkÆ

g#-Aô GEFZLŸÃ¤/xgppÆ‡.Þƒ@*ì85Âî
GW¡!Z+A)é

E
EŠ~qÑ]~X

QyÅÜszZu{¤7ƒCìTÐ	ëJMh Fur g#-Aô GEFÆ
~Üs™Mh�ÔZ(™D (Hibernation) �Xg#-Aô GEFZq-‚w~bâ{uâpZ!

ƒñZLZyZYÂñVÃ¥zÆgnp�Zzg%OW,ƒñÆiCÙYZW,Z]Ð
ZLpy~XŠgc*Ä™äÆ	ùz{tƒ™0*D�ÔæŠ™}Çøg}fc*û
ÆÜs±Zð±ä~X

/ª6,0+}ZEw™Dƒñ�Z!ŠJg}wZgCúnÆ
ƒÐic*Š{uŠñÈV~Ô£ò6,0+}Àòîg6,ZLczVÃWc*uŠ0*ã

~c*',s6,gnp�X@*ëz;V6,QyÆ!*g}~ÃðÎZw7QÞì	Lß
ƒD�XQy~ÐÓxgnp�ŠzgZypyÆÂé�wZg]ÆvyÃZq-

¾uJ-Á™D�XSy6,0+zV~Ô¤/x™Š{ZzgQ{pyZpyÅ**CV~
uÃ4™@*ìÔpÔt**1V!*ëZq-Šzu}ÆŒÛd$ŠzhC�Ô¾qwXSkÒp

ÐÔpynÅY+$Z•ðaç LzV~cìÂQ}pyÃÔ�Qz6,Å§suÃ4
ÃÁ™@*ìÔ�czVÐŸÃßÒìX Shock ™@*ìX¤/x™@*ìtÌuŠpyÆ

t8wZg]}2x»nŠ!Z�xŠîìÔ��g�Z!XŠJg}ÆY**Y@*ìÔz„ƒ@*
ì�ÔZEwƒ@*ìZ0V~X

Sy�Z!XŠJg}ÆwZg]ÆpsàzV~Ô�gZ
+B542.ç
E
EGEGJkÆQy»

jZ!Šï�ÔŠzj[+k)âùc*’(Ô�#³4V~Šze{1µ*g
~ic*Š{¤/xìŠzu}Æ£¨~ÔwZg]¤/x Cannel ÇƒV~XZ¤/j[+Zq-

j[+Ðic*Š{uŠj[+Å§s*gCìX

/H7Š}Zq-Z9pÎó»ZEw™Mh�
**ò7ŠZQ}³VÃ�@*ì²z{QkÆ Venus Flytrap Í“pgÔ

‰¡}ÆØ6,ÍìZzgZL!*ßVÐZk6,¶K:Î@*ìXt!*wé Hinge

Z9pÎóÆ»x™D�XQÏœZ#	Zq-QZQkÐéƒ@*ìÔz{Z9p
]½5Òø
YE

&ì�0*ãÆÂZiæÔ7Š}ÆŸ]~Ô$+wŠêìÔŸ]Æ!*CÙ0*ãÃ
Yg~™@*ì‚B~ØÆŠgxãgvÆÔ¡}ÃÈ™@*ìX

Æ·îÃZ9pu„~ÔQÏÒp Current Î
+Bø
J
FÔNzw™Dƒñ

Ð»g™ŠƒD�XZ#ÎóÃÈ™Šc*Y@*ìÔZ9u™.$7Ë$ËìX�V„
HY@*ìZzgu–7gZƒ@*ìÔ¾qwÔZ9u™.$yÑzq™Cì On ÎóÃ
Æ‚BZq-ŠiZzgXZÏ§bÐÔ³ZyZzg7Š}ZEw™D�Zq-(,~ Wire

®ZŠ§»CÎ
+Bø
J
FÅÔÑzq™äc*gz1Z9p]½5Òø

YE
Æ·îÃQyÆZ�xÆ

”́VÃX
Åu–zZ¢š5é GGS»x™CìéŠzZ9pÎ

+Bø
J
FÆ� Venus Flytrap

:æENH}ƒD�!*ëZq-Ÿ~XŠz!*ßVÃÃuƒ**ƒ@*ìIZkÆ¡ZÈƒ**
ƒ@*ìXtZôo)¢zg~ÈƒäÃgzÇì�	aZƒ@*ìZ,bCÙÐ‰	
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!*glÆ¢Z]ÐX
Z9u™.$Æc*Î

+Bø
J
FÆ!*g}~¼Ì Venus Flytrap "—Ô

ÃÕ»ÔñµŠï�XZzg:teƒ@*ì7Š} Currents 7Y}ì�	Sy
ÆnqÝ™**F,šMÅÃðnSygKY]~XZ¤/Z(ƒ@*ìÂÔùt¥â]Ð
§Z[ƒ0*@*ìÔ�	85Âî

G
Zq-ZK̈y%{m@Zc*]ÆJ7YìÔZzgùz{‡.Þ

ƒ0*@*ìZEw™äQkÃSkŠg"ÍîgÐ?ZvÔ�ƒ»xZyìÔ
ÔZvÅ!’q-Æ� Venus Flytrap 1@*ì	Q7H™**ƒ@*ìX 7ŠzVÃ

»x™@*ìX

7gnpƒD (Insulation) /Z¤/Z¡!Ÿ])ñÆ
ÃZzgŠzu}Z¡IY (Muscles) Z¡!g8Ô

(Ÿ-@î EGEÐ\â]gv]V
ÃáYD�ÔZzgz;VÐ\â](Ÿ-@î EGEÃzZ:ÑD�Xg8Zq- (Organs)

ÆYãYCìZzg�	Çé Myelin {mÔlñ—ÐerƒD���g
ÆXZ¤/z{ñ�Š:ƒC¶Ô Cable ö8)ñÝÆ»x™CìZ§ZsZq-Z9u

ÂA$Z9p]½5Òø
YE

g•”ƒD¸Z§ZsÅ!*:V~ÔWc*’p)¶�(
™Dƒñ\â]~c*ŸÃvyàDƒñƒD¸X

Z9u´45Òø GEeiZíGYD�vyÐôpgppQyÃ�Q7é
™D�Zzg¤‰ÜÆËvyÐÌgz1Æn�	',tÆg•ÐaZƒ@*
ƒXJZzg0*Z+Zgö_5½ø

H
ZEwƒD�ÔSkÑÆnX

/ÑàZ%MÆv́‰VÆµ3ð NGVÅƒZŠZg~)ßY
¹‚g}³Zyik,i}C{Ç�¯D��	{mS:]ZL~

gnp�@*	Š7VÐZLW\ÅæZf™ÃXZ+C{ÇƒV~ÔuùVÃ
¢zg]ƒCìg�Zq-ºmÃ+V6,RÐZzgi}ÐáZi~ƒäÅÔc*Zzgt
	W‚ãÐc[~WÃXZ¤/u4ÅŠ~YC�Zq-Zz‘iZzt6,Ô�7™@*ƒ

ÃXŠzuZ!hÏîZq-aç N8-Å¯z^~ƒ@*ìƒZÆn�Ã ç} Zq-{ØÆZq-
ÃXŠzuZ!hÏîZq-aç N8-Å¯z^~ƒ@*ìƒZÆnZzgƒZŠZg~Æn¢zg]Å
;ð™**ƒ@*ìX

)v´yZâVÆÈ(�Y³ZyƒD�Ô�(,} Praivrie Dogs

W!*Š~ ¤/z:~i}ŠziÎgZpV~gT�XÃz{ik,i}¯fe�X‰‰QyÅ
ÅŠfe�Ô5DƒñQ7uùVÆ‚BX (Burrows) (,fìÔz{6^ð NgZc

Ðy~ƒCì‰ (Complexes) (�	Z,ÅŠ}‰•zVÐ
Zz‡]Zq-gLÐàÆ)z~�#ÖgÄ$ËìÔZzgSk§bƒZŠZgc*V

i}ÆZz6, Praire Dogs Zq-ZëZÌZ(g™YC�XSkn (Ventilations)

Ð¯D�˜V6,QyÆu4Z½C�ÔËuJ-éW>]V Towers

NhzVÆÔ�ƒZÆQYä»ñµ�ÛZë™D�i}ŠziQyÆgLàzV~X
ƒZic*Š{Š!*îÆ´̧VÐÁŠ!*îÆgKY]Å§s¹ìX‰

¯D�z{ŠzuzVÐic*Š{—ƒD�XQyÆ Prairie Dogs� Towers

—-V~ZíZtÐZÅð LwÆƒZÆŠ!*îaç NùVÆ!*[Z−ZïV~aZ
ƒD�X

~ƒZÆÁŠ!*îÆ‚B˜V6,ƒZ Towers Sk§bÐÔƒZŠZ4ƒCì
»Š!*îZzgzVÆ£¨~ic*Š{ƒ@*ìZzgtƒZ»Š!*îQ½@*ì‰~Ðic*Š{Š!*î

ỸVÐÔ i Æ‚BXƒZ�	sYCìaç NùV~*gCìÓxgLi}Šz
Zk§b‡ìƒ@*ìZq-£g~ƒZ»uÃø»ÂxX

Prairie »6	SEw~W@*ì Ventilation System ¯**Zq-
Æaç NùV~ÔƒCì¥â]aç N8-Æ¯z^ÅÔZz‘ZzgÁƒZÆŠ!*îÆ Dogs

ƒD�tƒÑiòXtƒ (Attitude) nZzgùz{$+s�Qy»Zg·q
5¡]ÆnŠg»gƒ@*ìÅgÔZzgtÓx»gzZ×V¶K0+„™D�z�;]ÅZzg

êheÅñ�ŠÏÅXSknÔëÃ¢zg]ƒCìç¤™äÅSkf;-$Æâ~.
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~ÔaèÔ™sîgÐtpŠSy³Z**]Å!7 Prairies DogsÃ (Source)

ZzgÔ',ÜsSkÆ�¼	Sg»YIßvŠúò™D�ÔZ0+ñZ·‡] — ƒCì
»³7ƒYìX

ZvÔ�	Šg]~)ª8™*~("ÑgVBSK̈âVÆn�ÛZë™@*
ÐaZÅYC�ÔéÓxY0+ZgzV Prairie Dogs ìÎaXgÆnÔ�¼	

Æi}6,X
CÙfZg¿Ã¢zg]ƒCìÎWÅÔ]4/õ NEEÅQkÆ;ÅWzZiÃZzg¥�q

ƒäÅZvÅ§sZ#Lz{‚o™@*ìpzgCÅZq-Vw»ÔYèZvÓx
çs™äzZÑìÔÑözŠZ»s»â´ìXŒÛWy~ÔZvŠêìpŸ~ZL
ÈzVÃ�	Qk~¢gnp�X

LLvgZg[vg}â°ZÅ|-.ç
E

GÃp[Y}ìÔZ¤/?XŠ]qƒÂz{Â/
(25 ™äzZßVÅæçs™ŠêìXóó)Îg{µZuZLÔ

Zzg»½ÅÅ (Wasps) /ergc*V
Å (Pulp)

².1¹ÿ G§i;ñ¿»Zq-Ÿ¼ìÇ~Æ±5å NEzVÃÍŠ}
Zq-n~�	ˆ~¯c*YYì»½~X¾qwÔ»½Æ¡~ñ].,|

ƒC�X (Wasps) ~ergc*V
ZEw™Cì»½Ã�	z{ZL°[ Wasps ZC˜‹¯äÆnÔ

ÃçñƒðÇ~Æ74-¢.ç FG
G

GHzVÐ5™¯CìXøg}�ÛoÅÅÔ (Saliva)

» GlueÆSaliva ÇîgÐQÏ§bÐ¯CìÔz,Oñ Chipboard

xËƒCìZq-{mîgÐ!*&¢A Wasp ZEwHY@*ìXÃðÌ
Zzg»½¯äzZà5Ë~ÆX¾qwÔÓx§i;ñ¿Æ� Tree-Processing

pŠÆZL
(Ÿ-�õ
HE

Wasps ÐÔz{ƒ Complexed `ñYD�(,}Q
—ÐWesps ñV~Z�xŠï�X»½ÅÅÃ~i¹¼Gƒ@*ì

/Zq-gz!*^»!*izÔ;¶Æ^ð N&+|Ð!’q-g‚rì
6	‚bŠZVZq-gz!*^Æ!*izÃeiZí™äÅÃÒ™DÔ̧z{

ƒÐic*Š{yZ[)b~ÐZq-»‚o™D¸z{!*izÅWiZŠZ:w•ÃqÝ
™**åXZq-gz!*^Æ!*izÆnËÌ»gWæÑÃ7gZ™äÅ{§Ô‡.Þƒ**ƒÇ
Z�xŠ¶ƒw»]Ã�	Zq-ºm»x™äÆnŠg»gƒD�XZvä‚g~

‘‡]ÃZL�ZgbÃZk§bÅw•Š¶Å&¢AÆ‚BaZHì	z{Óx
ZK¢zgÂVÃ7gZ™nX

Æ‚Bƒ@*ì¹„ Muscles ZK7kDÙZg (Trunk) Zq-;¶»]4ð NEe
ZëVßV~ÐZq-X

;¶ZL^ð N&+ÃËÌ‚~z{eLìw•Š¶Æ‡.Þƒ@*ìZzg
»~XÃ¹„ic*Š{ƒâg~Zzĝ8LÆ‚BZ�xŠbƒ@*ìz{Z�xŠ}Y

-Eg;6,»gHŠHåÔ™sîgÐ;¶Æ Rice~U.S. ìXZq-gz!*^»!*iz
Å‚|# TrunkéÔ ÆZdeiZíÃªCÙ™@*ìXz;V6,Zq-ÌzZueJç Trunk

~7ìÔSk§bÐ	�g¾Æz{g‚rå)©àîg6,EZzg−6ÆX
ÆX;¶»Î&+g‚rìZq-Zd Spine gz!*^»!*izÔ',ÜsSkÆÔg‚rìZq-

ŠgzÅw•�	ñµg‚rìw•™ä»ËÌ‚~Ô²gz!*S-!*izWiZŠZ:
Å5½ø
E

~X 16 e¤/-V6,”ƒ@*ìÔ 32 w•Æ
t¡7™@*ì	;¶ÅÎ&+Zq-{m‚|#gBbìÔTÅCÙºm

{¤ZvÅð~"Í»gv~Å|ÃªCÙ™CìX

/Z!x
~�"Vw‚½V (Nature) ‚bŠZV|Z]ÔÚîg6,ÔŠg]

Zzgz{ZKª]» — ZzgÂñVÃŠgc*Ä™DgT�Qy6,"uª]iŠ{gT�
ZÖgÔQyÆÝw™ä~ÔaZ™Dƒñ5)ß;.çEGEÃSK̈âVÅ¢Š~Ô™D
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gT�Xz{�QyÆŠgC"Vw‚½VzÂñVZzg)©à&½5½ø
HE

~ÔZEw
~WD�Ôz{ƒD�¹„Zg«zZd£¨~pŠÆZK¥â]Zzg&6V
ÆÔZzgñ�Š{)bÅ;ðÆn"Vwi7™D�XOçÔZ[‚b
ŠZV¹‚g}gKY]~ÔSyŠgC8eiZbÐ¥�qƒD�Ô˜V6,
‚ßVÃ@VÆÌ̂)bÆÖVÆ‚BQ½WäÆ‡.Þ:gì¸X�g
Zq-³ÆÔz{z‰ÜÆ¹„¿z²V~»x[}òaZ™äÆ‡.Þƒ‰
�XSkÆ´z{Ô8ZâYÆÓÑ]Å»g~Æ‚BÔ‚bŠZâVä‡.ÞÒp
îg6,z‰ÜÆZzgÃÒÅÑZ_Ãôp™1ìÔZzgâŠ~z‚b»ZEwic*Š{4ZzgOW,
±è NEZ0+Zi~™1ìX

Šg]~0*ñYäzZá8eiZbÅZd¡]ÃBƒñÌÔZg»Y
I|Z]@*ëZq-Zzgâ-Ï~u¤/ŠZVÃWgì�ÔZq-Zzg**Qy~ÐŠzeg
ƒgì�XZq-ŠiZzgÔQyÆ)‚³Š“ðW}Ô	Y0+ZgD+g�îg6,(,_�Ô‚Š{
¯z^Ðë{¯z^Z(g™D�ÔZzgt	Y0+ZgzVÆeiZbZ·tÐz�Š~

ƒ¼ƒDƒñÑ^Æè}ÆÔU*"$ƒ`�XZzgQyÃt — WD�
™**7,ZåZzg7,ZìÔZ¤/85Âî FGÔ!*Šw**pZ3îg6,„9ÔYèÑ�Z[ŠgC»gv~ä

	¥â]Zzgz�;]XÃz{ZkŠg — Z(¼Q7ZkŠgª]~eZwŠc*ì
— ic*Š{îg6,uZT¸

Z·t»»x7ƒYåÔ²ƒ@*ìÜsøg}‡ŠgÇ{Û»»xX
tZvìÔ‚g}˜âV»â´Ô�	ÓxY0+ZgzV~"ÍZzg"Vw

ÂéaZ™@*ìÔz{�	CÙqÃ"Íîg6,aZ™@*ìX�ÃðSk|Ãt
™äÐZïg™@*ìÔz{Z»sÆŠyZq-**‡.Þ̂°vy~2ƒÇXŒÛWy
~ÔZvÒy™@*ì	ùZ,ßvSk™*~"»gÆ»ñV~ZCz‰ÜŸù
™D�XŒÛWyfsÆZÖp~øg}W‡Å»gv~Åpzg]¡]Ã
Òy™@*ì:

LLz{Ô�	¯ñ�‚]W�yM6,MXHÂŠ8ìgÝÆ¯ä~¼
�ÛtÔQŠz!*g{ó{™Ô}ÃWCìCÃÃðŠgZhÔQßN*™Ôó{™!*g!*gÔz{ßŴñÏ

(3,4 ¾}0*k¾~ó{CÙ!*ggŠƒ™ë™Xóó)Îg{Z<Ô

/ÃtSg»YZq-Šð	
eZgz«xÔ!*ZÖpŠvÃtSg»YSkÑÆ�7HŠHå	ðÅ
|ÐZïg™}Ô�Zq-)‚³è$ÆÎZ¼Zzg7åXtÃtÔ�Šúò™@*
ì	i0+ÏQ½~¶Z·tÐ"YyZâYÐÔ**»g{U*"$ƒZåÔ‚³ÞŠ]Zzg

»Ñ]ZzgY0+ZgzV~zZãeiZíÆÔ‚B — SkÆi',Š„Âù]Æ‚B
ÅŠgc*Ä6,t!*]gzigz×Å§b™sƒ_ì	Ãt Fossils ™zh 30 ‚B

Sg»Y�ÛÎŠ{Gz£ÆÎZ¼Zzg7ìX
Z%OâCÙ+äSkqÅzŸs#¼Sk§b™D�ÔŠCÙe$Ô

z,œ-VÆ�V6,Q½}Ô̧ 17 z,Zzg 18 eZgz"2.ç GEGExÔZzgŠzu}Ãc*]�
¯ñ‰¸GzŸ]6,Ôß@*zÞ]6,	»Ñ]ÑözŠìSkÅZ’ZYì:Z•
z){XZÐZŠe$Ñðì…!*W.ÞAz¥wÆÔ»Ñ]ÆZzgz{ÓxgZiÆ�
Sk~�áï�/ËwpŠi0+ÏÆX6,z"{�W`ÀYg~ì@*	ÃtSg»YÃi0+{
g3YnXt7g~îg6,‡ììÂh%zh™‚³›ëÃ7™äÔß@*zÞ]ÆÔ
‚³]Š}~Ôzc*Æfg=êÆ‚tZZ0+Zi~ÔÑñYgì�XQ
Ìt6,z•{CðÃÖ7eìXt|	ÃtZg»Y‚³@*gõ»ƒ(,Z

‚wÐƒ@*g;ìX 30@*20 Šð	Zzg�Ûd$ìSkn»ZÖg!*g!*g‚³Š*~Ô
ÆˆÐSîƒ@*Wc*ì}òAîg6,Sk!*]»Šúò™D 1980 îCŸ

�	eZgz«xZzgÃtSg»Y7g}îg6,"ãCŠZzg**»g{�X!*<mZ%M~F
‚bŠZVX»mZìkÐìÔ‰§»]Ô!*Çd~Ô0*1†ßYz){
ÐìÔeZgz2xÆ**»g{6Ãt™D�ZzgðÅ|Ãi0+ÏÅZ’ZY»:L
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z,œ~Æ»J-ÃtSg»YÃ** 20 ŒÛZgŠï�XW`i0+Ï~)©àeiZíä
»g{¯Šc*ìëáÆá�SkñçqÃ»°,Æ‚B‰øg}Šzu}
_·Y]~ÌZzgYg~gOÐWÐÌX¾qwÔëìw™D�	SkÅ
ZÌ»Òp™DƒñtoƒƒÇ	ŒV6,ÌÃtSg»Y6,Zq-Ü97™,X

/‚³îg6,eZgz2x»{Ø
Qßw¸g;åÇŠ*Ð-**yÐÔÃtSg» Pagan Z¤/p	

z,œ~~Ô¹„Zë7gÄ�¯Š~¶Sk 19 ©àîg6,WÐ(,kg;å )
The ÃtÃuz„ñçq‚³™*»Ôz{¶egÖeZgÌyÅÂ[/ÄZy

ZïgHå ä ~XSkÂ[~eZgÌy Y1859 Ô�áùƒð¶ Origin Of Species

¸X i}6,].ZÇ:îg6,ðG‰ (Species) 	ZY0+ZgZ0s
eZgÌyÆ_.ÓxY0+Zggnp¸Zq-œ	7åELOZZZzgz}$+s‰

z‰ÜÆ‚B‚BgKgKp=VÆÒpÐXeZgÌy»ÃtÃð̂k‚³ãCŠ
6,‡ì:åX6	z{pŠÌÔWÐ^™ÔZDw™@*ìSk!*]Ã	z{Qk»Zq-¡

Difficulties Gz£åXSkÆ´z{Ô6	eZgÌyZ‹Zs™@*ìZKÂ[~Ô
)!*[(~	Ãt**»xƒg;åFZq-ZëF,+ Chapter ÔÆZq-îs Of Theory

ÎZÑ]Æ‚tX
eZgÌyZK‚g~Qy,ÎŠ~¶‚³Šgc*:V~ÔXÐz{Âµg‚rå
	z{i™áÇÃtÅ‚g~)]ÃX

¾qwÔSkÆÂu]Æ',ÜsÔ‚³Šgc*©SkÆ)]ÆZ…Š
Ã'×h+zWF,¯Š~‰X

eZgÌyÅ“»Y,̂{‚bÅgzÝ~&ãCŠ~u¥VÆ�Ô1
:ì YY

eZgÌ2xË§bÐÌzŸs#:™eå	ùi0+ÏÅZ’ZYi}6, (1

ƒð¶?
�é z;V6,Z+Ãð‚³Šgc*Ä7ƒð¶�en	Sg»ð}2 (2

ÃtSg»YÐ?m,G‰�Ôgnp�¤‰Ü�Q½CìpŠÐÇîg6,X
ÔÃSg»YÆÒ**]Æ!*ÇÜ½ÞŠ]Šï Fossils Records (3

�XSkœ~ÔëY,̂{BÐSy&ãCŠ~Õo»Ô¬xu¥VZzgf~u¥V
‚BX Æ
ª**‡.Þg‚ðŠx:i0+ÏÅZ’ZY (1

Zq-zZu3Ð† (Species) ÃtZg»Y7™@*ì	ÓxY0+ZgZ0s
™zh‚w¬XùZq-zZu3aZ™Yì 80 �ÔZzgt3Q½ZåZ’Zði}6,

�3ë{i0+{Z0sÃZzgÔZ¤/Z(Zq-Zg»Y|~zZµƒZåÔÂQYVZyÆ
~ÔƒD�‰Z,ÎZÑ] Fossil Records �á¿]x@{~7Wn�X

XÆ�Z!*]ÃtSg»Y7Š}eìXtªZzgƒÐZzA8~î Oì¬Šx»Ô
Sg»ð§i¿ÆŠúò»TÅºƒ**!*¹ìÔz{t	¾§bÐtª3z�Š
~Wc*å?

aèÃtZg»YðÐSïg™@*ìZzgz{Sk!*]6,‡ìgLì	ª3
z�Š~Wc*åZ·tÐÔ¡]Æ̧Z2ÆŠZ],{¿~%Ëµ/ÆÔc*F,KM

qwÔ ÆXÃtÆ_."YyâŠ{aZHƒÇZq-Y0+Zg3ÃZ·‡]Æ³~XtÔ¾
Zq-Šúòì�!**_“7g‚rì8-ö

GW	**‡.Þ“§»CQßßVÐX
/i0+ÏaZƒCìi0+ÏÐ

ZKÂ1V~eZgÌyäLÌi0+ÏÅZ’ZY»jZ!7Šc*ìXQkÆ
iâ:~‚bÅZ’Zð™»ŠZgzæZgSkGz£6,å	Y0+Zggnp�¹„‚Š{
‚|#ZL~X

ZiìẑŠö WÐLLŠ¢š5é EGSaZöóó»ÃtizgŠêg;ì	"YyâŠzVÆ!*ë
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ŒÛd$WäÐY0+ZgZ�x¶¸XZ(ây1ŠHåt¬xîg6,¢HY@*å	
z�Š~WD¸a›½ZîVÆZbZYÐZzgaì (Insects) #Z]ZÑgn

[VÐƒZ™D¸XZkìwÃU*"$™äÆnŠNŠ!*]G‰¸X
¼[VÆŠZän}À}Æ•}6,gÇ‰Ô̧ZzgtìwHŠHå	Sk

c*Larva §bÆ¿Ðaì[VÐ¼Šk,ˆz�Š~WD�XZk§b5ì
Å Larva #Z]ZÑgn%0*D�v}ŒÍ“6,ÔÉz{Q}ÔHVÆfg=

ÔHVÐÑñYäÆz‰ÜÔ{àWçÐ7 Larva ^~Ññ‰¸Xt
' T h e  O r i g i n  O f Š3ðŠï¸X8-ö

GW	Z#eZgÌyäZKÂ[
YyâŠzVÐÔZzgt è¶ÔtZ‹yå	̀Z-z�Š~WD¸" Species'

ìwQkz‰Ü¬xîgÐ‡.ÞJwåCÙZq-ÆnÔZzg‚³Š*~Ì¸¼Œ
‚wÔ̂ßð0*˜**ò‚bŠZVä 5 Y@*åX¾»!eZgÌyÅÂ[ÅZ�á®)Æ

S p o n t e n e o u s îs_·ZzgŠ!*]ÆˆZL}ò»Z´yHå�
ÅF,Šh+™DÔ̧tŠ¢š5é EGSaZöÔ»¦gLZë8~î Oƒ@*åÃtSg»Y» Generation 

6,Šñ‰ZLÃE:) Sorbonne Y~ 1864 �0*˜Æ;ðVšŠƒŠHåX
»QßwSk‚Š}ÐŠ/ Sponteneous Generation ~0*˜ä¹å	LL

Æ$¢[ÐL:Q½nÇXZq-îs²9J-ÃtSg»YÆ`äzZá
Z·tÐaZöÅæZf™Dgì¸X

¾qwÔ‚bÅF,¹äSyÆSkZ‹yÃ**»x¯Šc*å	Zq-Y0+ZgÆ
Zq-ë{‚|#zZá3ÅaZöZ·tÐƒCìÔZzgtìw	i0+Ïz�Š~

ÐDead Lock W$ËìZ·tÐÔ‚o™CìZq-(,}

z,œ~Å»z$h4è GIG 20 /Ë¬`6,:îzZà
z,œ~~LLi0+ÏÅZ’ZYóó»ñçq1åÔz{g 20 ªSg»YI�

gzÏ§»CâCÙÔZÉ¾æEZ&+gQ0*§yåX

~tZ£ßVÆ‚BWÐWc*åÔQkäU*"$™äÅÃÒÅ 1930

¶	i0+{3z�Š~WYåÔZ·tÐX
t_·¾T**»xƒ‰¸XZzgQ0*§yÃfs»ZDàÒyÌŠb7,ZåX
LL$+¬ÐÔ¾qwÔ3ÅZ’ZY»X�áh+¹„ÂNì**xCZ�x

~Xóó Study ÆSg»YÅÓx
ÆSg»YIqñVäSkXÆiÆnÃ@VÃYg~ Operin

äStanley Miller gppFZq-Š!*]GXƒÐgŠ/ÔZ%O1
Ã5c* Gases ~Z�xŠc*åXZq-!*Ÿ‚F,KMŠñ‰Š/~QkäQy 1953

å�Qk»Šúòå	z}i}ÆZ’Zðâjw~ƒZ™D¸ZzgZö{~ÂZ**ð
�6,z9Å‚|# (Amino Acids) äqÝHå**xC‚ã Miller àc*åX

~0*ñYD�X
/ÂP„‚w*g}¸	t!*]©¬x6,Wð¶	tŠ/�Qkz‰Ü

7HŠHå�gZq-ZëŠxÆSg»YÆ**x6,Ô**»g{U*"$ƒZåÔYè�âjw	
ZEwHŠHåŠ/ÆŠzgZy¹„Zåi}ÆÇZ’ZðqÑ]ÆÒp

äZDwHå	âjw»zZô�QkäZEwHå Miller ÐXîs{ñÙÆˆ
LLi0+ÏÅZ’ZóóÅ z,œ~ÆŠzgZy 20 )ÇåXÓxSg»YIzVÅ»z$h4è GIG

ÔT» Geoffrey Bada Geochemist zŸs#Æ!*g}~**»ò6,»ƒ̂‰
ÐåZDw™@*ìSk|ÃZLZq- San Diego Scripps Institutem

z, 20 ~�áùƒZåLLW`Z#	ë Earth Magazine~Ô 1998 *y~�
œ~Ãgh`�ÔëZ[Ì‚o™D�QkÑ+Cÿ

GE
!hÏîÐTÃëgnp¸

z,œ~~Ôªi}6,i0+ÏÅZ’ZYùƒð¶? 20 Z#ëŠZ4ƒñ¸

/i0+ÏÅë{‚|#
Z’Zðzz	YVÃtSg»Yi0+ÏÅZ’ZYÆ!*g}~Zq-SkŠg(,}
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Ð¥uŠHåXtŠgZÝ3Åë{‚|#¶X8-ö
GW	Y0+ZgZ�x� Dead Lock

‚Š{Š3ðŠï�Ôgnp�|~Ô**‡.Þ¢ë{‚854è
EG

GZLZ0+gXZq-
Y0+ZgŸ»3ƒ@*ìic*Š{ë{£˜ÓxSK̈ã;ðVÐ¶)ÑŠ6,Ze„

Zq-i0+{3Ô**xC (Laboratories) ÆXW`™*Æic*Š{F,¹c*C!™)ÿ{ä ²-.1¹Òø
GGÃ!*ë5™aZ7™Mh�X

ÑZ_�Šg»gƒD�Zq-3Ã¯äÆnÔ)©àîg6,SkŠgM
lZg~ƒD�	XÅzŸs#e:ƒnZ·‡]ÐX6,z9�¤8-

Æ',Z',Ì 1~10
950 	3Å¯z^~Sk**]ÔZ·‡]ÐÔ š¾ƒD�

7ƒDX
Ð¯ƒ@* Amino Acids 500 ÜsZq-Zz‰6,z”Æ‚?Æn�

ÐÌSkŠggN*ƒ@*ì	iZ˜b~**eƒ@* 1~10
950 ìÔ“W»Zky

Combination ÆZ Amino Acids 500 ìX6,z”ÆZq-‚?~
ƒD�ÔSyÓxÂÎV~ÐÜsZq-„ŸŠg»g6,z”‚?ÃªCÙ 10

950

»ƒÇ 1 ÎV~ 10
950 ™@*ìXSkÒpÐ6,z.‚?ÆZ·¹¯z^»Zky

�Zq-**e!*]́gƒCìX
Æ¥â] Gene ‚?�ƒ@*ìZq-3Æ%œ/{~Zzg�ZL~ DNA

6,ŒƒD�XZ¤/Sy¥â]Ã–Y@*Âz{ Data Bank g‚rìz{**‡.Þ¢
¯ñƒDZq-i',Š„Ñ$k,~�ZL~g¿ƒCZq-Z0+Zi}Æ_.

,]ƒDXZkÒpÐZq- 500 ¢,²CÙ¢~ 900ÆEncyclopedias

ÅZKZq-»8z�Š~W$Ëì DNA ¹„ŠNZzg6,.y±è NEñ<Q½@*ì	
ÅæŠÐZzg Enzymes pŠÐZ·‡]Æ³~XtÜsPZq-ºm6,z.
ÐzZh7æ{ DNA Å¯z^»gz\ZC$Ëì² DNA ºm6,z9Ð

¥â]¬zy¿™,XªSyŠzâV»Zq-Šzu}6,Z®gƒ@*ìÔZ7gxƒ@*
ÅÜÆnXtªaZ™CìÑixzFxÅßg] DNA Zq-„z‰Ü~ ì

Å̂ Dead Lock qwÃÔÂi0+ÏpŠÐZ·‡]Ðz�Š~Wð¶»ÃtZq-
Z(g™©8ìX

ÔÆ‚"543¨ë JEHGEZ%k 1994 ÔZq-gZg»IÔ]4--.ç FHE Leslie Orgel 6,zW
ƒÇ6,z9 G̃+ÆÑg{~Sk|»ZDw™@*ì	ÔLLtZ•ð**�]~Ð

ZzgE®Ò5ëGWk̂»Š¢š5é EGSaZƒ**Z·‡]ÐZq-„(6,ZzgZq-„z‰Ü~XZzgtÌ
**eŠ3ðŠêìÔZq-»ƒ**Šzu}Æ%ÔŠk,J-Šzu}ÆnX

ZzgSkn«Ã~ÔZq-¿Sk`6,VYì	i0+Ï|~L
Ìz�Š~7W$Ëì6ðZò[ÐX

"—ÔZ¤/i0+ÏÆn**eì	z�Š~WñŠgCZò[ÐÔÂt
Jw™**ƒÇ	i0+ÏaZƒð¶Zq-â¯tZ[]§i¿ÐXt|!**îg6,
**»g{™ŠîìÃtZg»YÃÔT»ZëÑðÐZïg™**ƒ@*ìX

/Sg»Y»¦gZC}2x
ŠzuZZë`�eZgÌyÆÃtÅÔ™@*ìÔƒ@*ì	ŠzâV¦gZ]�7

G‰�ÃtSg»YÐ�gSg»ð}2éÆÔ|~Ôâyn‰¸	
z}7gnpÃ̧ðSg»ð¤‰ÜZL~X

}2x eZgÌyäZLSg»ðGz£ÅãCŠ!**îg6,LL¡~ZN[óóÆ
The Origin Of 6,g¿¶XZk}öx6,SkÅZÌSkÆÂ[ÆÄZyÔ

Ð™sªCÙƒCìX Species, By Means Of Natural Selection

ª¡~ZN[ç™@*ì	z{Y0+ZgZ�x�ic*Š{ Natural Selection

ÆŠgCqÑ]ÐÔi0+{agT¸ Habitats ¤!gZzg_“gnp¸QyÆ
ZKi0+ÏÅ“~X

~�1YâgzVÆúÅiŠ~ (herd) VwÆîg6,ÔZq-CÙâV»q{
åÔ�CÙyic*Š{!gëgƒD¸$YD¸XSknCÙâV»q{g‚rå!F,Zzg
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Yå ¢oF,Z�ÛZŠX¾T!¯Ë9Bï NEGÆÔt}2xCÙyÆn:L70
Q½äZzgBäZLW\ÃŠzu}Y0+ZgZ0s~Ô}h̃}z){~X

Skn¡~ZN[»}2xÃðSg»ð¤‰ÜpŠ~7g‚rìX
eZgÌypŠÌzZ<åSk|ÐZzgSkÃr7,ZåSk!*]ÃZKÂ[

~X The Origin Of Species

L¡~ZN[¼Ì7™YåZ#J-	@*G~p´Vz̧q5+k,:
ƒVXó ƒC

SknÔ¾§bt‚iÇg)@*G~(p´Vz̧q5+k,ƒC�Sy³Zã
Z�ÛZŠ~?eZgÌyäSkÎZw»�Z[Š¶ÅÃÒÅìQkÃ̀ÐÔ�Qkz‰Ü
ÆqÑ]ÆÒpÐ‚bÅZ’Zð™ÐeåX�ÛZú§»CâCÙÔ

�eZgÌyÐ¬g;™@*åÔÆ_. (1744-1829) Chevalier De Lamarck

Y0+Zg‘‡]ZLZz™s�z}qÝ™D¸ZLŠzgZyi0+Ï~v™D¸
Å̂±~Xz{izgŠêì	tSàZz™s�vƒD�Zq-±ÐŠzu~±
ÃÔt5Z0sÆ“WÆZò[ƒD�X}z{Šúò™@*ì	jgZsQ½}�
!*g{êÐ6	z}“™D3̧äíZz‘Zz‘Šg½VÆÔQyÅ¤/Š3

DƒC±̂Šg±X
"The  Or ig in  Of eZgÌyÌSÏnÅVBŠêìXZKÂ[

0*ã~ ~VwÆîg6,z{Hì	‰g†ZK½ZÅˆl~YD� Species"

~X Whales !*g!*gÔ²9*gä6,z}YVˆ$+wfe�ZLW\Ã
G r e g o r  M e n d e l  ¾qw‡âyÂZg_�¥xG‰¸

ÐXÅ¤&ƒCìÔ�=w Science Of Genetics ÐZzg (1822-1884)

z,œ~~ÔtÂZg_Æ̧Z2!**îg6,SkgzZe$ÃÔ	qÝ 20 ¬xƒñ¸
™Š{Zz™svƒD�Å̂YV~W×W×Ô»³xŒÛZgŠ}Š�‰¸X

Zk§b¡~ZN[ZK@*GÅ[å�gZq-Sg»ð}öxÆX

ZzgZ0s~p´V Neo-Darwinism /
ÆŠìÆ 1930 Zq-iÅˆlÅ{§eZgÌyÆÃtÃâ+zZá

ÃWÐÑc*å�6	¬xîgÐ Modern Synthetic Theory ‚ßV~
Æ**xÐY**Y@*ìX Neo-Darwinism

)pZ](ÃZL~�áï™@*ìÔ� Mutations, New-Darwinism

~yZÒVzZµƒC�ÛzãZzZ%ÅzzÐ‰gi+c*ðÃúV Genes Y0+ZgÆ
Zzg Favourable Variations Ðc*ÝÑC{ñVÐƒD�‰z�;]

~ZŸ†»!*)̄‘W�X Natural Mutations

tNeo-Darwinism W`�âewÔSg»YÅúÒÏ™@*ìÔ™*~Ôz{ì
Æ³~TÅzzÐ"Ñgë Process Ãt7™@*ì	�3Y0+ZgZq-

Genetic �c*])»yÔWçÔµ}Ôdz){(p=VÐ*gDgì�
ÐX Disorders

@*ëz;VÐZq-²£Ðö N‚³|�!**SkÃtÅF,Šh+™Cì
p´VY0+ZgÅ(,ðF,~ÃgzuŠî�Zzgz}åvyŠ{ƒC�XSkÆn
Zq-¹„‚Š{zzìX

g‚rìZq-¹„ë{‚|#ÔSknZZ4[ZW,Z]Üs DNA

ZÐvyàMh�X
SkÃSk§bzZã™@*ì B.G. Ranganathan 'Geneticist Z%O

¬~¼VÇ	‡.Þ½z1$+Ñî¹„ÁÃW@*ìŠg]~ÔŠzu~!*]ZÒ$+Ñî
¹„vyŠ{ƒD�aèz}ZZ4[ƒD�£˜!*‡°{$+ÑîÆ

Å‚|#~ÔÃðZZ4[$+ÑîZq-)©à!*‡°{Âx~Ôƒ@*ì Genes 

ç**u:	plWÒX}ÔZq-i²!hYìZq-Zd!*‡°{‚|#Ã‰Zq-¤8-
ÃÔz;Vƒ@*ìZZ4[$+Ñî¤8-Æ�Û*zgu~Ô˜VÓx�]~Ì
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]å NJg7ƒÇX
Sk~ÃðÀÅ!*]7ìÔÃð$+ÑîÅVwZ+7ì�»gWæìÔ

Ã@*ëW`J-Zq-Ìx@{ Genetic Code ª�ªYCì	F,¹Š}$Ëì
~7WðìZzg:WñÏXÓx$+ÑîvyŠ{U*"$ƒñ�XtŒY@*å	$+ÑîÔ

zZ§� Genetic �7HŠHì�gZq-Sg»ð!5»42.ç GGEGExÆÔ|~ìZq-
Y0+ZgzVÃvyà@*ìZzg¯ŠêìQ7**»g{X¹ic*Š{¬xZW,$+Ñî»SK̈âV
6,ƒ@*ìu¤yÅ̂~Ô"—Zq-n{Á!5½2.ç GEGExÆ¼Zzg7ƒYX@*ëZq-

¡~ZN[ÔSkÆ',ÜspŠÐ¼Ì7™Y6	eZgÌy — Sg»ð!5½2.ç GEGEx
äÌSk!*]ÃJwHìXt|…eCì	z;V6,ÃðSg»ð}2x7
ìŠg]~XSkn»Ãðìà§i/**xSg»Y7ì�}zZµƒeƒÇX

~Ãð¶KyŠgxãZDw»70*c*ŠH Fossil Record /
zZão]	³Ô�7HŠHåÃtSg»YÐÔ7åELOZdZzgñ�ŠÔYVÆ

~XaèSkÃtÆ_.ÔCÙ Fossil Record ŠgxyÃðŠgxã7̂0*ðˆ
$+w‰ Species i0+{Z0sQ½}�QyÆ°zÐXZq-¬z�ŠgppzZá

¸ËZzg~»°z‰Ü*gä6,ZzgÓxZ0sSÏ§bWñ�¬Ýèz�Š~X
Šzu}ZÖp~ÃtZg»YÆÒpÐt$+Ñî»¿ƒ@*g;ìD+g+Cé GESÑÅV‚ßV~X

Z¤/t!*]sƒCÂ"ÑgŠgxãZ0sƒ**ecåZzgi0+{ƒ**ecåSk
îs$+ÑîÆŠzg~ÌX

~ÌX Fossil Record' 1Z(Ãð�á<J-7Š¬ŠHìÔ
VwÆîg6,ÔWŠSTBWŠJg…zZÑgxecåXâè~�gnp¸

¼g…zZáS:]Zzg´z{SkÆTÆS:]�z{¬Ðgnp¸Xc*
Pg…zZá6,0+}ƒ**ecåÔ�gnp¸‰S:]6,0+{Æ´z{SkÆ
g…ÆS:]Æ�z{¬„Ðgnp¸Xaèt̂g~%µ~gì

ƒVÐÔz{¸ƒVÐZq-ÒpÐ**»g{ÔÍŠZgmzgY0+ZgÔXÆ!*ª]ÃÝ
gkge~70*ñ‰¸XSg»YIzVäjZ!Šc*ìSyìà‘‡]»ÔXÆ
!*g}~Qy»Z‹yì	z{gì�âè~�ĝg~ZDwÆXZ¤/Z,³Z**]

|~ÔLgìƒDâè~Âz{�3c*Zg1V~®ZŠ~ZzgZlx~ƒDX
F o s s i l ic*Š{ZÌÆÒpÐSyÐËÆ!*ª]Ãƒ**ecå

~zZã™@* Origin Of Species ~X6,Z(7åXeZgÌyZKÂ[ Records

LLZ¤/÷ZÃt9ƒ@*ìÔÂ"ÑgŠgxãZDw�ic*Š{ŒÛRmgBbƒCÓx :ì
ÞŠ]QyÆ¬ — ÐZq-„¤/z\~!*ëÔZ‹yÆ‚BgìƒD Species

Æ!*ª]ÆŠgxy~X1Z(7Š¬ŠHåXóó Fossil z�ŠÅ0*ðY$Ë¶Üs
SyŠgxãZDwÆ~i70*ñYn Fossil ¾qwÔeZgÌyl!zZ<å	Ãð
ÆnZq-(,~ÂŒÛZgŠc*åXZKÂ[Ô T h e o r y �XSk!*]ÃZK

)!*[(~Qkä–ìÔ	YVÔ Chapter ÆZq- "Difficulties On Theory"

Z¤/Z0saZƒñ�Šzu}Z0sÐ)Ckîg6,D+g+Cé GESÔë7ŠÙCÙ(M
YVÓxŠg]ZF~~ —~Fossil Records ®ZŠ~QyÆ̂g~ZDwÃ

7ƒCOññ�Š{Z0sÆXÃëŠÙ�4îg6,XXXXX@*ëSkÃtÆ
ÒpÐ"Ñĝg~ZDwƒ**ecåÔYVë70*D�Š"ƒñi}~
Ñg®ZŠ~?YVCÙZgMC¯z^ZzgCÙ6,]i}Å½~ƒð7ìSŷg~ "
ZDwÐ?âCÙ4]ZÑgn¢Æ‚BªCÙ7™0*D�ÃðSknÅD+g�
**xCiîÔZzgtÔ�áh+Ô¹„²£Õä NZzg¤{F,+Z‹Znƒ@*ì�izgŠêìøg}
ÃtÆÜs~X

/eZgÌyÅQy,)̂‰
¾qwÔZ¤/pSg»I”zæÆ‚BÃ]4h4è

IGIG™Dgì�0*ä
z,œ~Æz‰Ð‚g~™*~X@*ëÃðÌˆg~̂~i}Ì 19ÔFossils
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70*ðYmX
ÔSg»IzVÆÜseD�	i0+Ïi}6,Š¢š5é EGSå Fossils Óx

Iå	z{ » Derek V. Eger qª~ªCÙƒð¶XZq-',¤â~âCÙZU*g
!-A?ç
G
E{

!g+ö
LLZq-!*]Q½ : t™@*ìSk|ÃÔZ¤/p	z{z,Zg»IåQÌz{ZÖg™@*ì

6,c*LevelÆOrder ,~ÔWc* Fossil  Records ™‚tWCì	
6,ë0*D�Z7!*g!*g:ÂD+g�Zg»YÆÒpÐÔÉ0*D LevelÆSpecies

Fossil »Šzu}Å76,Sk»Èì	 Group �Š¢š5é EGSQ½**Zq-
%ËŠgxã Š¢š5é EGSQ½}å̧qª~Ô (Species) ~ÔÓxZ0s Record

ZDwÆSyÆŠgxyXt!*]Ç',@¶eZgÌyÆGzŸ]ÆX
´z{SkÆtìZq-¹„¢oÞŠ]	ÓxY0+ZgðG‰�X

Zq-„zŸs#	Y0+ZgZ0sQ½}¸Š¢š5é EGSåqª~¾,Æ‚B%Ë
Sg»ð7åELOZZÆÔìZq-|TÃtHŠHìÔZq-¹„gSg»YIZzg

ÐX Douglas Futuyma §»CâCÙÔ
ðZzgSg»YÆŠgxyÔY0+ZgzVÅZ’ZYÐ0ÂzŸ¬»»ƒYC

�XY0+Zgc*Âåqª~CÙ,Æ‚BªCÙƒD¸i}6,c*z}7ƒñ
¸Sk§bX

ƒñƒVÐ°zZ0s Developped Z¤/z}7ƒñÔ̧z}
Ðp~ÆÃðÑÇ¿ÐX1ÃËgkgeSkÅÔ™@*ìZ¤/z}ªCÙ (Species)

ƒñ¸Zq-åqª~CÙ-Æ‚BÔz}|~ðƒñƒVÐË
&>.ç N

GNZÅš©ðGwf;-$ÐX
eD�	Y0+ZgQ½}å̧qª~CÙ,Æ‚Bi} Fossils

6,XSk»Èì	Z0sÅZ’ZYeZgÌyÆGz£Æ',ÜsSg»YÐ7ÔÉ
ðÐƒðìX

/SK̈ãSg»YÅ¹ã!
Zq-ñçq�ZÒik,cÑc*ŠHìÃtZg»YÆ@*G™äzZßVÅ

§sÐÔz{ìSK̈yÅZ’ZYÆ!*g}~XeZgÌyÆ6,*gzV»Šúò‡ìgL
ì	ñ�Š{WŠòQ½ZìÈg‰‘‡]ÐXSkßÒã»Sg»ð§i¿Œ

ÑÄ‚w¬Ô‰“3ð NEg~ZDwñ�Š{ZK̈yZzgQy 50@*40 Y@*ì	ÑzqƒZå
Æ{CW!*zZ].ZŠÆŠgxyÔìwHY@*ìÔ	gìƒVÐSk{C{Æ

: ~ÔegZ’Zði%{Y]z„Å̂~Š�‰�QyÆˆ[Ð
1. Australopethicus

2. Homo Habilis

3. Homo Erectus

4. Homo Sapiens

ÆAustralopethicus Sg»YIñ�ŠSK̈yÆ¬Èg‰W!*zZ].ZŠÃ
**xÐågD�ÔTÆpL†!Z�ÛiÆÈgƒD�XtY0+Zg|~
Š*ÈgÆZ0s�Ô�°iâ:nzxƒ`�ÔZzgÎZñSkÆt¼7�X

L o r d  S o l l y  ZÖZzgZ%MÆŠzÎZŅ̃Zòà]Æqï
AustralopethicusäAnatomists Zzg6,zWegÅøLWÒge Zuekerman,

ÆZ%âV6,§qÝî]™äÆˆeD�	tÈg¸�Zq-©à
ÈgÆZ0sÐmgnp¸�z‰ÜÆ‚Bnzxƒ‰¸Zzgz}ñ�Š{SK̈y
ÐÃðx¹7gnp¸XSg»YIÔSK̈ãSg»YÆ**x6,Šzu~nÆ%³Å

Æ™D�ªZq-SK̈yÆXQyÆŠú}Æ_.Y0+Zg Homo ŠgzÈ~�g
Æ£¨~ Australopethicus ~WD�Ô Homo Series �QyÆÒpÐ

ic*Š{F,¹c*C�XZg»YIzVä¥xHåZq-{CSg»ðSYF,KMŠïƒñ
~XtSY{C¶YèL Order ÃSyÆ‘‡]ÅZq-ºm FossilsZ

ÆŠgxyX Classes ÌtU*"$7HŠHå	z;Vƒ@*åZq-Sg»ðģSyZ
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z,œ~»Zq-¹„ZëSg»YIg;ìÔZ‹Zs™@*ìZK 20'Ernstmayr

Â[~X
‰	i0+Ï Puzzles ~	LL{mîg6,@*g] 'One Long Argument'

Æ!*g}~ÔƒD�)©àîg6,ÂZzgƒY Homo Sapiens ÅZ’ZYc*
ì	8-ö

GW	Wy~³6,V™Ì„:ƒnXóó
Aus t ra l ope th i cus>Hom o> Æ{Æ‰ L ink  Cha in

ÐZg»YI³Z~.™D�	 Habilis>Homo Erectus. Homo Sapiens

SyZ0s~ÐCÙZq-Šzu}»7åELOZdƒX¾âqÔqDŠgc*©ZU*§
!-A?ç
G
E{Ð0

Homo Zzg Homo Habilis' Australopethicus tSÏs™D�	
g;™D¸™*ÆZ8{ð OV~Zq-„²9~XSkÆ´z{ÔZq- Erectus

ÆÔgì� Homo Erectus {m¡SK̈âV»TÅŠgzÈ~ÅYCì�g
Homo Zzg Homo Sapiens Neandarthaiensis ¹„qDz!VJ-X

ªñ�Š{SK̈y‚B‚Bi0+Ï*Zg}�Zq-´‘~Xt Sapiens Spain

ª„CÙ¶K0+„™CìSkŠú}Æ"»§¡ƒäÅÔ	z}Zq-Šzu}Æ
Sk)Dßg]qwªÃtSg»YÆ Stephen Jay yauld W!*zZ].ZŠ�X

z,œ~ÆCÙZzwSg»ð 20 Å-VzŸs#™@*ìÔZ¤/p	z{pŠÌ Dead Lock

LLHƒZZzgøg~S̈ÃZ¤/z;V�Zq-‚Bi0+Ï : @*G~gÉîV~ÐZq-å
Robust — *ZgäzZá&&ueZq-„§iÆ{0+ZâVÐzZh�

ÃðÌzZãîg6,7 H. Habilis Zzg Australopethecines, A. Africanus 

™D¸ ÑñYDÔŠzu}ÐSkÆ´z{&uÎV~ÐÃðÌ7ªCÙ
 ŠzgZyX )gD**](QyÆi}6,•ŠÆ Trends Ë§bÆZg»ð

ZCSK̈ãSg»Y»{	�',ŒÛZgg3Y@*ìZeZgZ"5½ø
JEYÅæŠÐ�CD

Æfg= Media �¼WŠñÈÔWŠñSK̈yÆ‘‡]ÃZzg�Š3ñYD�
Zzg»!Â[~Ôz{ƒƒD�Ô²£Ñõ Nîg6,6,z"{ÆfgZùXt¼7ƒD

ÎZñZq-¹ãÆ%Ë‚³ãCŠÆX
Æ¹„gZzg™r#³] U.K. 'Lord Solly Zuekerman

‚bŠZâV~ÐZq-åÔ�Skñçq6,ï»Ÿ',ÎVYg~g3åZzg
³6, ™@*g;ZylSk Study ‚wJ-Ú 15Å Australopethicus Fossils

z;V6,|~ : àå	!*z�Š&+Z]pŠZq-Sg»IƒäÆQk»Iå
ÃðÌZ(Äo{7ìT~Èg‰‘‡]»ZK̈yÐmg;ƒX

T» Spectrum Of Science ä¯c*ìZq-ŠN Zuekerman

ŸQkÐÑzqƒ@*ì�‚³ŒY@*ìZzgQk6,»ƒ@*ì�)‚³ƒ@*åX
Æ_.ic*Š{‚³z{ƒ@*ìT»Z®g SpectramÆZuekerman

ìkWs‚b��¢]Zzg66,ŒƒD�XSy — k̂›ë6,ƒ@*ì
ÆWy~u6,Z( Spectrum Æˆ§»C‚b»�W@*ìZzgA$�Y‚b»

8~î OW@*ì�ic*Š{F,)‚³ŒY@*ìX
ª(Telepathy) ¦gZ]‰ÔZÑZt — T~ƒD�iZZ+-jZk

ZzgWy~~SK̈ãZg»YX — f6ÒpÐg*‚Zzg”8ø L

ëA$°0�ZzgWÐ{C : zZã™@*ìQkÆÂù] Zuekerman

CðÐQyìk~�§»C‚bªYCìÔ�éiZZ+-jZkƒVc*SK̈yÅ
Å@*gõÅF,)yƒÔ˜VzÃŠZgSg»IÆŒÛd$ËÌ!*]»Zkyƒ@* Fossils

ìXZzg˜V6,�dZzgSg»Y6,Z‹ygppzZÑ‰z‰Ü‡.Þƒ@*ì¢™äF
Zq-§ŠZ]6,Zq-„z‰Ü~XSK̈ãSg»YÅ@*gõËqÆ‡.Þ7ƒCÔp

Æ!*g}~gBbìÔ�ÅŠ}‰‰̧ßÍVÐ Fossils ÷:Âù]‰
�SyÃc*]Ð"‚*Îîgnp¸X

/eZgÌ2Ãgñ!
SkÆ´z{	ëäZ[J-Óx&»41¹ÿ

HEGÞŠ'kCð�ÔëÃZ[Zq-!*g
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Y,̂{¢8ƒÇÔ¾n»zëSg»YIgnp�ÔZq-VwÆ‚BÔ�SkŠg‚Š{ì	
aÌW‚ãÐ™Mh�X

ÃtSg»YizgŠêì	i0+ÏµìZ·tÐXSk)ëwŠúòÆ
_.Ô"YyZzg"Åg�ZCÙZq-Šzu}ÆŒÛd$WD�¯ä3ÃZzgA$Š}
Ë§b¯‰Y0+ZgÔ/ËwSK̈yÆX…SkÆ!*g}~ÎOƒÇX

Z#ëÑD�ŒÛd$ÁÜÃ�i0+ÏÆ¤8-š¾ƒD�6	
»g0ÔÃ`gkÔ**>zXZzg7N*ôz){ÃÔÜsZq-eƒ‚áCìXSk!*]Å6,zZ{

7	Á%ZiÐteƒ*g@*ìÔt�ZCÙ»eƒ¯7Y8-ö
GW	Zq-zZuY0+ZgXZ¤/
)ñçq(6,ÔZzg…Sg»Y Subject ?I™Dƒ…F,KMŠbƒÇZq-Š/Sk

IÔÅ§sÐç¤™**ƒÇ	Hz}|~Šúò™D�Ô%²£Ñõ NZÖp~
SÖg™äÆÔeZÌ2Ãgñ!	**xÆ�X

Sg»YIzVÃgppŠzFZq-qzVÃ�ƒC�Y0+ZgzVÅ¯z^~
Ñq-Ô‰Ã`gkÔ**>zXÔ»g0ÔWxÔß;Zzg

!5½54o-ê
G
YEGIGXXXX

~XZkÆ´z{Q7ZŸ†™äŠzSy ( B a r r e l s ) (,}„V
~ÃðÌq�¬xqÑ]~z�Š7gBbÔ1z{B�SÐ¢zg~X Barrels

z}e� Proteins Zzg Amino Acids Z7Z™†™äŠzSkZö{~TŠg
6	z{I™D —Æ1~10950 X~ÐCÙZq-g‚rì“W»Sky —

Ð*gäŠ,TŠgz{ (Moisture) �XQ7SyWözVÃQÏŠgwZg]Zzg&
eT�XQ7häŠ,SyÃ�¼)ß81¹Ðö EG»g™Š{W!Ðz{I™D�X
Q7gppŠ,ZdŠgzÆ0*ñÆ‚bŠZâVÃQy„VÆŒÛd$XSyâCÙ+Ã

„VÆŒÛd$Zg1Vc*8-ö
GW	71V (Barrels) ZOg™äŠzZq-ÆˆZq-Sy

‚wJ-XQ7WiZŠghŠ,ZEw™äÓxnÆÑZ_ÃÎz{¢zg~B�
Zq-SK̈yÅ¯z^ÆnXSk!*]ÅÃð6,zZ{7	z{H™D�Xz{Zy„V

ÐZq-SK̈yÃ7aZ™Mh�ÔHìZq-6,zW�ç¤™@*ìQkÆ3Å

‚|#»Z9Z7-pgŠÎÐXz{aZ7™MhÔjgZsÔªVÔ@ÔigŠg8-Æ&Ò5ÿ ENEÔ
h̃}ÔeZ:Ô†[Ô%çZg}Ô.wÆ7Š}Ô»g>Æ7Š}Ô!ÔVn}Ô
ÂLÔLgÔIâIiÔy1i}ÔF,1i}ÔZîÔiìyÔZùgÔLßÔñgÔ^gÔœsVÔÑÅV
Šzu}Y0+ZgZzgm@*]X|~Ôz{)Sg»YI(qÝ7™nZq-3ÌSy
Y0+ZgzV~ÐË»ÌX

ZCÔ"Åg�ZCÙ!*ëï™7¯Mh�Zq-3ÌX
z}Ãð*ê7áMh�Zzg:Ë3ÃŠz8{ð OV~$+wMh�XZzg:

Šzu}ZzgŸáMh�X
Zzg:aZ™Mh�6,zWk�¬ZXŠ™D�Z9Z7-pgŠÎÆ�Ô

Zzg�Ø`D�	âŠ{"Ågƒ@*ìÔ"YyeƒZzgz{i0+ÏÐgzÙkƒ@*ì
ZvÅâ¯tZ[]ðÐX

ÃtSg»YSkÆ',ÜsŠúò™@*ìZq-!**�ÛÎŠ{ìw»	i0+ÏpŠ
ÐÑzqƒð¶�7g}îg6,z�;]ÆÜsY@*ìX

Sg»YIzVÆŠú}6,fgZ‚ÌÎaXg™D�Ât|ZDgƒC
ìÔ6	ÇZz6,ÆVw~7HŠHì	ÔCÙqðÅ̂ìX

/WçZzg»yÅ)ßY
Zq-ŠzuZñçqTÆ!*g}~Sg»YI�Z[Š¶Ð‡Ü�Xz{

ìZq-Ñ�Z[ÃZyjZkKÅWçZzg»yÅ̂~XISkÆ*g,WçÆ
ñçqÐ…¿îg6,�Z[ŠbƒÇZq-ÎZw»	ëùŠÙ�XgzÝÅÃÑ

**ò6,Š}6,Qyqª~°æ YLC�XŒVt Retina �Zq-ÚÐWC�WçÆ
gzÝÅÃÑZ9q-]½5Òø

LYE~Ÿ]Æfg=$+wYC�ZzgB�Zq-gL
ÐŠ™0îE~�

(Ÿ-@î EGEÆÔ8~î O~ƒ@*ì�ŠÚ»%œ/ƒ@*ìXtZ9q-]½5Òø
LYE

ŠAYD�Sk%œ/~�gZq-ìwÆFZq-§i;ñ¿Ð*gäÆ
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ˆXSk&»45Àö
HE

G:©Æ‚B…¼ÎOƒ@*ìX
(Ÿ-@î EGEgzÝÆn)ñÝƒ@*ìXSk»Èƒ@*ì	SkÆZ0+gå

Z0+ƒZƒ@*ìÔZzgÃðgzÝz;VJ-7V0*Cì˜V6,t
(Ÿ-@î EGEƒ@*ìX

Sk§bÃ»%œ/LÌgzÝÐÓk~7W@*ìZzg8-ö
GW	t¹„

@*gq-(ƒ$ËìSkŠg@*gq-£x6,?ÃLY**ƒZƒÇ�áZ+X¾qwÔ?x@{
™DƒZq-ëgZzggz×™*ÃZÏ�}@*gq-ÃÆ%œ/~X

z, 20 ìw�Ãgxƒ@*ìWç~SkŠg™sZzgzZãƒ@*ì	8-ö
GW	

œ~Å)ßY‡.Þ:ƒ0*ð¶¯äSkÃSkŠg™sX}ÔŠdÂ[Ã�?7,|
ZzgZ§Zs» Head gìƒÔ;ðVÃTÐ?Â[Ãñ}ƒñƒÔZzgA$QVîZC

Y,̂{ßXH?äŠ¬ìLZq-™sZzgzZãìw6	tìËZzg(6,?8-ö
GW	

6,Ô�aZHŠHìƒÐ(,}6,ze-uÐ™*~Ô TV Screen )©àF,¹c*C
7½™YSkŠgZq-zZãìwvg}nXtìwvg}Wç~0g;ìÔ

‚wÐic*Š{ 100 &¥qZâYÆZgùVÆ‚B)©àìwzZãƒ@*ìX
²9ÐDÙZg;Z+B2.ç

E
EGEkÃÒ™Dgì�qÝ™äSkËsÃX»g{äÔzW

Zqð‡ìG‰Ô̧»°î]Å¶̂Ôö÷ZzgeiZbSkÑÆ”wÆ
{§¯ñ‰¸X

ÃŠdZzgÂ[ÃŠd�?ñ}ƒvg};ðV TV Screen Šz!*g{Zq-
TV ~X?ŠÙƒz;VZq-(,Z�ÛtËsZzgzŸs#~XSkÆ´z{

Œ@*ìŠz¥qìwOñ&¥qÆÔ˜VJ-vg~W\V»mìÔ? Screen

ŠÙƒZq-&¥qÔCÙ¥czZãZzg�ZðnƒñX
 ¥q 3 F‚ßVJ-ÔÑÅVZ+B2.ç

E
EGEkä™*½~ÃlÅ�¯ä

ÄÔpt TV ZzgqÝ™äWçÆÃÅÃZyÃX;VÔz}¯ñ�&¥k TV

ÜsZq- †kÆÔtì 3-D ™**SkÃ%Îñ{mnÆ Watch e7ì
Paper ¡¦&gqX:©ic*Š{™®ÑìÔ7©Š3ðŠêìZq-

ÆéXLÌ7g;ìteaZ™äZq-ËsZzgzZãìwéWç Setting

ÅX ŠzâV~Ôz;Vì¶ìwÆÃZy TV Zzg Camera ÆìwÆ
Sg»YIŠú}™D�	}2x�aZ™D�ËsZzgzZãìwÔ

¯ñ‰Z̧·tÐpŠlŠX
¯åZ·tÆ³~ÔÈ TV Z[ÔZ¤/Ãð?ÐHì	vg}#}»

ÓxQkÆ�ZCÙÜsZ·tÐWD�Zq-Šzu}ÆŒÛd$Zzg¯D�Sk
Ã�aZ™CìZq-ìwÔÂ?Hìw™zÐ?ù�ZCÙ™Mh�tƒ Device

¼�DÙZg;ßv7™Mh�X
Z¤/Zq-ZXŠaZ™CìZq-¹„Z’Zðìw£˜Zq-WçÆ�7

¯ðY$ËìS·tÐÔA$t!*]zZãì	WçZzgìw�WçŠ÷[ì¯ñ7
YMh�S·tÐX¸rð Ng]qw»Z:tƒ@*ì»y6,XÛzã»yŠø7[WzZiÃ

‚|#Æfg=WzZiŠgxã»yJ- Auricle ZK¤/Ä~©8ìÔÛzã»yÆ
BìXŠgxã»yWzZiÆZg¬lÃ!™DƒñZ0+gzã»yJ-à@*ìX
Z0+gzã»ySkSg¬lÃ',¹]½5Òø

YE
~ps™@*ìZzgQ7(Ÿ-@î EGE~à@*ìXÇ

6	WçÅrð Ng]~ƒZåXA$]4/õ NEE»¿Z�x0*@*ì
(Ÿ-@î EGE~zZµ]4/õ NEEÆ%œ/

~X
(Ÿ-@î EGE)ñÝƒ@*ìWzZiÆnÌ6	

(Ÿ-@î EGE)ñÝg;ågzÝÆnXSk
n!*CÙÅcY~eìH„‘ÿ

ENÍh{ƒ1
(Ÿ-@î EGEÆZ0+g7g~§bÐ{ñÙƒC

ìX@*ë8-ö
GW	ÑWzZi,ÌCkƒC�c*SŠgZu~WC�

(Ÿ-@î EGE~X
]4/õ NEEÅ8ø LSâYìƒCì	Zq-¡qWŠòÑWzZi_è NEYì%Ë

ƒZðØgc*æZìÆX
vg}

(Ÿ-@î EGE~Ô�)ñÝƒ@*ìWzZiÆáÔ?ÍMhƒWgÑZÆ
‚iÜÃÔ_è NEMh�ÓxWzZizVÃßÍVÐ½~(6,X

zWZg¬ÙÑbÆZ0+gÓxWzZizVÃßÍVÐ½~(6,X
zWZg¬ÙÑbÆZ0+gÓxWzZizVÃCk™MhƒÔêVÅuuZ?ØÐ
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vg} Level Å¥/¥/Z?Ø¾T!ZzœWzZi]4/õ NEEÆœ6,WzZi» Jet Plane á™
(Ÿ-@î EGE~ËW!ÐeöHYnÂ¥xƒÇ	Skz‰Ü(Ÿ-@î EGE~å{ñÙYð

ìX ƒð
ìwÆÒpÐZ(„¼ƒ@*ìÔ‚ßVÅ»z$h4è GIGÜsƒCg„�Zk

ÃÒ~aZ™äc*Šz!*g{z�Š~ÑäWzZiÃ�ZÝÐŒÛRx¹gBbƒXSy
Óx)ßYZzgDÙZg;Z+C42.ç

E
EGEGkZzgâCÙ+ÆÃÒ~Ñg�Æ!*z�ŠÃðÌWzZi

Z[J-qÝ7ÅYmìÔ�gBbìQâ„ËsZzgzŸs#6	ZÝWzZi
bo-.ø

H
ÆZdF,+ÃZyÃ�aZÅˆì Hi Fi ªYCì»yÐẌg™D�

(,~vÐWzZi)ñu(ÅÅ~X
8-ö
GW	ZyZXŠZ]~Z#WzZigkgeÅYCìÂ¼Sk»8~î OÅY@*ìÔc*

)ÏÔ‚NÔÎVÔ(ÅWzZi Hissing Ñzq™D�?å]4/õ NEGƒ Hi Fi Z#L?
ñuÑzqƒäÐ¬X¾qwÔZCWzZi,�qÝƒC�SK̈ãŸÅ)ßY
ÐƒC�)©àËsZzgzZãX

ÅWzZiÆ Hissing Zq-SK̈ã»yL7ÇÐ™0*@*ìZq-WzZi
Åßg]~ƒ@*ìXOñZk Hi Fi ‚Bc*™ÒƒZðÅWzZiÆ‚B6	Zq-

Æ»yù7ìWzZiÃZÆ~ËsZzgzZãX
tì§iÔZ(ƒ@*g;ìSK̈yÅðÆˆÐX

SÚ W`J-ÌÃðSK̈ã;ðVÐ¯c*ŠHÃ~c*gkge8-W!7g;ì
TÔ ÃA	ÔWçZzg»yƒD�X¾ Sensory Data ˆkZzg»x[K

˜VJ-ŠÚZzg]4/õ NEE»mìÔZq-(,~CðƒCìZyƒÐWÐ'

/Åg�Š8ìZzg]45é NEGì
(Ÿ-@î EGE~¾qÐ0ƒ@*ì

ÃyŠ8ìZq-F,(z’øÅ™*ÃŠâr~Ô]45é NEGì‚iÜÃZzg6,0+zV
Å¦?ØÃZzg†[ÆYwÅpÒc*]ÃX’k]WC�Zq-¿ÅW\VÐÔ

Electro- Chemical Nerve »âVÐZzg**uÐ�YD�(Ÿ-@î EGEÃ�gZq-
Æ§»]ÔDZÑ¡IYZzg!*-d~ÅÂ1V~?0*Mhƒ¹¼ Impulses

¬]!*g}~	ùtìwáCì
(Ÿ-@î EGE~X¾T!?LÌSyÂ1V~Zq-

Electro Chemical ¹„Zë|Ð**zZ<gT�Ôz{t	�B�Sy
Ã�gìÑ]ÆWzZizVÆÔpÒc*]ÆÔ-zZu]Æ(Ÿ-@î EGE~Ôz;V Impulses

ƒ@*ìZq-Åg(Ÿ-@î EGE~�&ìtÓxZˆ‚]Ã%ìwGÃð¢zg]Zq-Wç
ÅÔZq-»yÅZzgZq-**uÅXtÅg¾Ð0ƒ@*ìXSk~Ãð—7	t

Ð�
(Ÿ-@î EGE¯@* Neurons ÐZzg: Fat Layer ƒ@*Ô: ÅgZ¡[Ð07

ìX¸zzì	eZgÌãâŠ{6,„�ZNŠgnp�	CÙqâŠ{ÐµƒCìÔSy
Š}MhX ÎZßV»�Z[7

YètÅggzbƒCì�ZvÐaZÅˆìÔTÃ:Â¢zg]ìWç
ÅŠÚìÑ]ÃZzg:»yÅ]4/õ NEEWzZizVÃXZzgWÐYNÂSkÃ:¢zg]ì

(Ÿ-@î EGEÅ
ÎWÆnX

ÇÔZv CÙÃð�7,kìSkzZã,ÃZzg‚³|Ã̈g™@*ì‡Šg
Æ!*g}~ÔegCk™@*ìZzgC{â‡ìQkÅCÙ§bÐXZvŠZ"g3å‚g~
»Ñ]ÃZq-¹„özŠz@*gq-F,+`~ÔZzgZL¬Ð!*‡°{îg6,1Šc*å
»Ñ]ÃÔ&¥qg4Ô‚tÜZzgëĝ~X

/Zq-âŠ{6,„»o{!
¥â]�ëä7Å�Z[J-eC�	ÃtSg»YZCz�ŠW×

W×ÅŠêì‚³Šgc*:VÆ‚B‚BXÃtSg»Yi0+ÏÅZ’ZÐ0Ô
‚bÐ_“7g‚rìÔSg»ð}2é�ÃtZg»Y7™@*ìSg»ð¤‰Ü

ªCÙ™D�	Šg»gŠgxãZDwLÌ70*ñ‰¸ Fossils 7gnpZzg
}Ì5ZÇV~XSkntDîg6,ŒY@*ì	ÃtSg»YÃ)‚³ìw
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¤/ŠZ…ƒñZq-§sUŠbecX6	ùFZq-¦gZ]‚bÆZ¤}
ÐïwŠñYDgì�ŠzgZy@*gõ~X¾âqÔÃtSg»Y~i‚³Z¤zV
~�áïìXYè‰ßv8-ö

GW	ÃÒ™D�úÒÏ™Dƒñ	W,�Sk
ÃtÆÜsƒC�Ô�gZq-‚b6,úÆáZŠsìXYèSkÅzztì	
tÃtZq-**¦/k,¢oo{ì‰òV~XtôWçò™ZLW\Ãc.ç NFŠ™`
�âŠ~#;ÃZzgLîg6,ZLn¯1ìeZgz"2.ç GEGExÃZCƒ¼Yèt„Üs
âŠ{6,2V»zŸ‚â~.ì�7HYYìŠg]ÆbCÙÅzŸs#ÆnX

»°ŠN!*]tì	z}ZDwÌ™DgT�ñµ/ñµSk|
Richard C. »XOçZq-gÔDÂZW,zgZV$»âCÙZzg"!*uZg»YIÔ

�;gzgeÆYeÐ0g;ìJw™@*ì	z{ìLL¬ZzgƒÐ Lewontin

WÐZq-âŠ{6,„ZzgA$‚bŠZVƒäÆÔSySg»Y6,2V»Iì	Z(7
ì	§jZzgZŠZg}‚bÆ…6g™D�J%Zq-âŠ~zŸs#ÃbCÙ
Šg]Ð½~™*Æ!*g}~ÔÉSkÆ',ÜsÔëizgŠ�YD�øg~
Zq-¬ÅzZÕÐ�ëÃâŠ{Ð¶ÔZzgz{zzk�ìaZ™äZq-óÑÇ¿Zzg

¦gZ]»ù·Ô�aZ™@*ìâŠ~zŸ¬»ÔSk!*]Å6,zZ7	X§Š~îg6,
z].Zãƒc*%æFNZuZgîg6,çgsÐ**WÙX´z{SkÆz{âŠe$ÇìÔZknë
}.ZðŠxÃQk~ŠZ47ƒäŠ,ÐXtz�zZã-Ò**]	eZgz"2.ç GEGExZq-
¢oZ‹yì�g3ŠHìi0+{ÜsâŠe$ÐzZÕÅ{§XtZ‹yeág‚r
ìâŠ{ÃYVz;V6,Z(Ãð7ì�âŠ}ÃX0*@*ìX

izg Sknz{c™@*ì	"YyÔ"ÅgâŠ{aZ™@*ìi0+ÏXeZgz"2.ç GEGEx
Z¼gÔ Šêì	�3ZY0+ZgZ0sª6,0+}ÔTÔjgZsÔèÔ#Z]ZÑgnÔ

Ywz45Òø
XGZzgSK̈yz){z�Š~Wñ�ÔâŠ}‰¤/Cƒð!*glðÅÃ0+ZzgŠv
âŠzVÆŠgxy!*ëŠv»g™ŠÏÐXtìZq-̧w�ÜsY@*ìz�;]ÆZzg
‚bŠzâVÆX@*ëeZgÌyÆ6,*gÃtSg»YÅ@*GYg~gnp�Ô@*G™**Sk

ÃÜsSk§bÐ	Ãð}.ZðŠxQyÆŠgzZi{~ŠZ4ƒä:0*ñÔªð»
¿Ëßg]U*"$:ƒä0*ñXCÙÃð�Y0+ZgzVÅZ’ZYÃâŠ{6,2VÆ÷:
Ã̀ÐŠ97eLÔz{Š8ìSk|Ã	ÓxY0+ZgZq-{ÛÆaZ™Š{
��‡ŠgÇìÔƒÐZdœZzglìXt{ÛZvìTäaZHì‚g~

^~ÔZzgÓxY0+ZgzVÃ"u »Ñ]Ã�¬L:¶ÔQkÃeiZíHìZ•ðå
pzgCÆ‚Båqª~¯c*ìX

/ÃtSg»Y™*ÅƒÐic*Š{!gBðEg±è NE¤‰Ü
CÙÃð�ƒÐWiZŠìZzgË{m§i„Ð"Ç:ìÔZEw™@*ì

pŠÅ™ZzgyÃÔAîg6,&ì	ÃtSg»Y~ZNŠÑ@*ìŠâr~�Y
Âø]�7gnp‚³c*<R¥â]ÔÉ!****�]~ÐƒD�X

6	ÔTg~zŸs#ÅˆìÔ�o{gnp�ÃtSg»Y~Ôìw™D�
z}aZ™Mh�Ô 	PZq-�ZCÙZzg‚ãZq-zW£x~1Š�‰ƒVÔ
ŠZâVÃ‰ZüîíZzg ÎWzZáZzgfZg6,zWkÃZzgYç]ÆCYÃÔ‚b

¯Ò5ÒðGÃÔZ,Wg$h4ø
HHÃ‰6.«ç XE}$ðENÇg]Ô‚Ñ�ÛZ7-Zzgß(â0*zZgzKÃZzg‚B‚B

!*gZêz){Y0+ZgÔ˜ÆŠg|#Ô»g>Ywz){m@*]X6	‚bŠZVÔ
6,zWk�¢gnp�Sk™!*]6,ÔƒD�½c*CßvÔHQyÆntI
!**oƒgìÇSkÃtÆ!*g}~	t™*ÅŠgÁ¤‰ÜìX‚.~L
ÃðŠzuZìwc*¦gSk§b·7áŠHåßÍVÅKÅ¤!VÃÔHQkz‰Ü
ÆâèÆf3ßvZïgG¸ZYi]Š¶ÐQyÃÎWÐf;-$Zzgy
ÐÔZzgHÖñgnpÇðÃßÍVÐÔÍc*	z}ZKW\V6,÷!*0+|g¿ƒX
tSg»YIzV»§i¿8-ö

GW	ic*Š{yZ[ìZzg**‡.Þ¢Z0+J6ì£˜Qy
Å7YH™DÔ̧c*Z�ÛiÆ Ra ^-VÆ§i¿Ðz}�QyÆÎg`}.Z

ÆßvÆ�Îg`Å7Y Saba Å7Y™D¸c* Totem ‰8{ð OV~�ßv
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ÆFÆßÍVÐ�ZL;ðVÐ¯ñƒñ"3ðENGV (as) ™DÔ̧c*9Z',Z3
ÆßÍVÆ§i¿Ð�̄}ô}Å7Y (as) Å7Y™D¸c*9ñ.

™D¸X
|~ZvÂzŠÑ@*ìSk™ÅøzòÅ§s�ZvŒÛWy~FWc*]

~ªCÙ™@*ì	‰ßvÆŠâr±5å NEƒD�Zzgz}CðÃŠÚÅ¤‰Ü7
: gnpXZy~Ð‰Wc*]øDfs�

LL¹eZßZzgQZ#QrVäeZÑÔ!*0+|Šc*ßÍVÅW\VÃZzgQyÃegZŠc*
(116 )Îg{Z²ZsÔ          ZzgÑñ(,ZYŠzXóó

6	ëäŠ¬ìÔ�ÛúyÆYŠz¤/CÙZq-ÃŠð	Š¶Æ‡.Þ¸X
Ð?Ø™Zzgz{�Qk6,ZNŠgnp¸X¾qwÔQkÅÞŠ]ÔÂh (as) |]ñ.

eZàYŠzÆZW,ÃÔc*$ºÿ
ELeZà�¼	z{Šð	Š„G¸X

Zzgëä¬5ñ.Ã	eZwŠ}ZL¡ÃÔÎz{=Îè3�‚8-
QrVä¯c*åX:ªCÙƒŠHhZzgßƒŠH�¼QrVäHåXóó

(117,118 )Îg{ZwZ²ZsÔ
6	ëŠNMh�ÔZ#ßvYä	Zq-YŠzQy6,HŠHåZzg�¼	z{

ŠAÜ̧sZq-Šð	åÔ�ÛúyÆYŠz¤/ÅŠ~¶ZK‚ÄX
ñ�Š{ŠâV~ÌÔZ#J-	z{�ÔZq-SÏnÆYŠzÆZW,~ƒD

�)ÃtZg»YÆZW,~ƒD�(¢gOÐSy5&ŠúîV~�QyÆ
‚³ï~ƒD�Zzg*ZgD�ZKi0+ŠHVSyŠúîVÅæZf™D

Ð²7g~Cð ƒñÔgnpƒñQyÆÂøCZNŠZ]ÆÔz}Ìf?ƒV
ZŅ̃Zòà]c*CÔ Q½™WYCì‚tZzgYŠz»HI^Y@*ìX|~Î

: ',¤â~'Zzg#â̂C!¹é O§`äÌtÒyŠc*ì
LL~pŠƒV!*ZOŠ	ÃtSg»YÔ{mîg6,TuJ-Sk»¿ŠgWæƒZ

~ÐZq-w~@*gõÅÂ1V~ÔWäzZà Jokes ìÔƒÇFZq-(,}

hª]iŠ{ƒVÏ	SkŠg**‡.Þ¢Zzg**‡.ÞZ±gGz£JÑYYì!*ŠÁ
éZ3**‡.Þ¢ZOŠÆ‚BÔ�z{g‚rìXóó

z{w¼Šzg7ìÔ',Ü½SkÆßv¢„ŠBÐQkñµÃ
�7ìZq-}.ZðÔZzgŠBÐâèÆÃtZg»YÃ$+F,+�Ûd$ÆZzgS•ð
ç**uYŠzÆ™*~Xz{H¬Ð„!~ÐQ3Ñzq™g;ìßÍVÆ
uzVÐŠ*½~XFßv�ŠÙ�SkÃt»Çn{ª]Æ‚BÀ
™gìƒD�	ùz}LÆú`¸SkÃtÆ81ºÿ FNE~X

LLz}1áÔ0*uìÂÔëÃ¥x71AëÃ1c*ìÔ : We$7ì
(32 )Îg{•{Ô "—Â„ZÝY+zZÑÕzZÑìXóó

 Tashihli Resimalti /
SÏÒpÐßÍVÆZNŠZ]�1ÄVÅ7Y™D¸Z[YäYD

Ì�¡ �ÐZzg**‡.Þ¢ÔSÏ§bÐeZgÌyÆâ+zZßVÆZNŠZ]
YyÔÑÅg�ZCÙÃB **‡.Þ¢ÔeZgÌyÆâ+zZáZyYä~ÔZ·‡]Zzg"

��gZq-!¤‰ÜÆÔZzgSkÑLZNŠÆZ,›wzYyÐm�6	
Z¤/Zq-è<ØÐƒ@*ìZNŠX

///
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