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ÓxY0+Zg�-VÃ%Zzg%#ÖÆa½Z¢zg~ìF�-VÃ�ÅwZg]',�ÛZggppÆaÌ
½ZÅ¢zg]�CìXq-ï~���Z�Ðá�ë{Mï~���ZK̈ã�J-Y0+Zg
ZnÅ½ZðZâYÃ�g½ZZEw�D�XZK̈ã�~ñ��úVÃÌZZdwÅZ�x��Æ
a!ZlxÅZâY�g½Z�g»g�C�XZq-��Ð�zu}��~½ZÃqÝ�ä»§i
Z�@*ìX
W\ë)oV~_·�`��Z��¾§bZK½ZqÝ�D�XW�Zy~Ð
PÃc*��,X

p�́ð��H�?p�́ð��ZK½Z¾§bqÝ�D�? m

�¤/́ð��H�?�¤/́ð��ZK½Z¾§bqÝ�D�? m

W�Z[ëp�́ðZzg�¤/́ð½Zð¬�ÂVÐ0_·�,ÐZzgtÌ¥x�,Ð�ic*�{F,
7�zVÃYVp�́ðY0+Zg¹Y@*ìX

p�́ð́t: 1.1

ëY���p�́ð��z{��6ð%·]Å@*;ÆaÃ¦ÂZ**ð»ZEw�D�X
tPkc*]�nã#Zzg0*ãÃi}ÐZzgPuVÃ�ZÐqÝ�D�XZy���{ZâYÐë{
%·]�»g1;àg�óæ]Zzg\A.5é IG]z){Ã»g�äÅ&¢AZy~�C�X7�zVÆfg)
»g��{t%·]½ãÓxY0+Zg�ÇVÃÂZ**ð�ÛZë�D�X

´t
(Nutrition) 
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½ãÓxZâYÎë�g½ZZEw�D�7�zVÐqÝ�C�XZ¤/ëYâgzVÆ
¬xîg6,ZK½ZÆa7�zV6,  6,Z®g�D�VA$Ì�¥xì�tÓxYâg (Products) õ&]
ÃùZ�x�ï�? (Life Processes) «�D�Xp7�}ZL§CZqw

�-VÐ�0ZVZk!*]»ØÎäÆaFî]�gì��7�}§CZqwÃùZ�x
�ï�XëY���Óx§CZqw~Ã¦F,I�Zq-zZu¿ì�7�zVÃÓxY0+Zg�ÇV»

¯@*ìX (Universal Food Provider) WÃ¹½Zð�y{
W\ë)oV~Ã¦F,IÆ0PZñg»_·�`�X7�zV~§»CZqwÐ0
î]»W¸x²��gZiÐ�Ñzq�[åX7�zVÅ¢zgc*]Ð0Yïg~qÝ�äÆnÇ

z,�~{~Ðñ��ìXzZy3Ð.3ï XEH**ò�b�ZVÃ¦F,IÆ¿~0*ãÆ 17 �!*]»gkge
�wJ-�CÙZ@*g;XÃ¦F,IÆñ��{|xÃKÆnZK̈yÃ'×h+ 5 gzwÐ0Zq-��"ÃÚ

�w»²��gZi�g»g�ZX 300

Å¢zg]�Cì?  Ã¦F,I~ÃyÃ́{xZâY /

H�fX (End products) Ã¦F,IÆ¿~Z!òõ&] /

W�Ã¦F,IÆ¿ÃY+ÆaZk»'×h+,Ð_·�,X

:(Photosynthesis) Ã¦F,I 1.2

Ã¦F,Iz{¿ìT~!ßy�Zä
LL³gz�óóâ�zVÅæ�Ð7�}.e$��{) (Pigments)

**xCZb%ZYÐÎg`ÅgzÝÃ�gÂZ**ð»fg$�<é GXEw�D
�ñë{**xCâ�}»g�D�XÃ¦F,I»¿¹
�ë{�@*ìZk~F%Zi�D�ZzgF�gxã%·]

�W�X�0ZâVä (Intermediary Compounds)

Zk¿ÆaZq-��{)zZ]7�äÅÃÒÅ
äZq-)zZ]7ÅX�W`ÌÙìXZk»ìwå�LL C.B.Van Neil Y~ 1931 ìX

»g1;àgf$ÆCÙ�ãÅ»g~Æn»g0eZðW�àÆZq-Zzg0*ãÆ�z�>VÅ¢zg]�CìX
Zk7g}¿~»g1;àgf$�ãÆ�B�BWxZzg0*ã»Zq-Zq-�?»g�@*ìX

Wx

Îg`ÅgzÝ

»g0eZðW�à

0*ã
:Ã¦F,I 1-�̂

¥ÅF,¹ÆaÓ#Ö»j ´t
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ëY���7�}Z�ZY~.e$��{%·]�»g1;àg�Å@*;�D�XZzgZyÆfg=
.e$ë{%·]�¶K3Zzg+ßiÅ@*;�D�X7�}�zu}Óx%·]�æ]Zzgl%!z){Å

Yâg»g1;àg�»g7�MhZkÆaZ77�zV6,Z®g�**7,@*ìX - Ì@*;�D�
ÆaÃ¦F,I�ÂZ**ð»ãC�~fg=ì?YVóYV7? HëÈMh��½ãÓxY0+Zg�*

�7�}¾§bÃ¦F,IÆfg=»g1;àg�»g�D�X W�ØÎNÐ

êV~¶K3)Zq-n»»g1;àgf$(Åñ��Ï
Zq-Z,7�}»ØÉ<TÆí3,xZzg5ì�V�Îg`ÅgzÝÐZh§bÓk~�Ô m

Å§bWÑ]F,KM�ØX 2(a) fsÅ̂ m

Zq-ZJã"~$4-£é GG"5Ó45å JGGHHZ4^á�Zk~ØeZn m

�&Ð¬íÃ0*ã~�l�£XZkÆ�ZÐ$4-£é GG"5Ò5å JGGHZ4^à�ZJã"~v<XZ[Zkí m

~gÄ��l�ØXZ[ØCg8-»�YñÇXYèZk~ (Water Bath) ÃË0*ãÐ½}åw
Ð³gz�òYñÇXí»Ngx@{ÙX

gzÝ
³gz�

CO2 + 2H2O CH2O + H2O + O2

Å@*;ÃªCÙ�äzZà)zZ]H�Ï?ZkÃªCÙ�äzZàáZiy)zZ]ÃsX (C6H12O6) �Ãi

))®)�ëÆ�3�5é EGC�bÆZ1Z[LL6ð)zZ]óóZzgLL»g0ZzgZn%·]óó5±Ù(

6,ïÅZzgec*�Ã¦ (Purple Sulphur Bacteria) äZg̈Zã�"5¿.ç EGHc* (Van Neil) zc*yB
»ZEwHA$ (H2S) F,I~gzÝ»Zë��Zg�@*ìZkäÑz¬C�Æîg6,0*ãÆOñ;àgzXÏà

Ã¦F,IÆ¿Æ�zgZyWxÆOñ�»Zy%Z`¿~Wc*X�ZiZVZkäZkÃ¦F,IÆ§jÃ
7�zV!è W�gc*ÄHXZ#�ÃiÃÃ¦F,IÆõ,Æîg6,x@{H�HZzgfsÅ)zZ]Ã7H�HX

6CO2 + 12H2O C6H12O6 + 6H2O + 6O2

¥ÅF,¹ÆaÓ#Ö»j´t
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~ZkíÃ (Petri dish) Zq-ZìW~ m Z[ZkíÃZôoÐ',lÅæ�ÐZJã"Ð!*CÙïa m

²wÆ¢}eZaXZzg�z!*g{í»x@{ÙX (Betadine) ;�ZzgPWÇe+&45¼?ç
H
G
E

Fc*gCe+
W\äHx@{H? m

í~Zg̈Zãâb({g8-�gZÝ¶K3Åñ��ÏÃªCÙ�@*ìX
HW\B��Îg`ÅgzÝ¶K3Å»g~~ZëgzwZ�Z�CìX m

Ã¦F,IÆ¿Æa�g»g¢zg~úZï: 1.2.1

W\Æìw~»g1;àg�Å»g~ÆaÃ¦F,IÆ¿~Ã́ZâY¢zg~�?)Z�ág{:zc*yB
Å7��{)zZ]Æ_.( (Van Neil)

HW\B��Ã¦F,IÆ¿Æa�g»gÓxZâY)zZ]~�áï�? m

W�Ã¦F,IÆ¿ÆaP�g»gZâYÐ0�0ZâVä¾§b¥â]qÝX_·
�,Ð

0*ãZZzgÃ¦F,I: 1.2.2

ë)®)Þ~7,|`��¾§bzc*y3Ð.3ï XEHä�gc*ÄHå�7�}ÅS~Z��Æa0*ãZë
gzwZ�Z�@*ìX

c*(Plant mass) Zkz�ÜzZy3Ð.3ï XEHÃ¦F,IÆ¿ÐzZ�7åX�ZiZVt¥x�Z�7�}ÅS
ZâY~Z��Ã¦F,IÆ¿ÅzzÐ�@*ìX

�ZZzgÃ¦F,I: 1.2.3

Ð0¥â]qÝ�,XZk�/Æfg=Ã¦F,IÆ¿Æ�zgZy W�Ã¦F,IÆ�/
�Z»Hgzw�@*ì¥x�ÇX

¥ÅF,¹ÆaÓ#Ö»j ´t

Ù
Z��Z0*ã

Ø
$4-£é GG"5Ó45å JGGHHZ4^

ZJã"
Z]4i�é EkÅYw

(Tripod Stand) �gqZ6&+
&4j

è
E
E
E»>

WÇe+»²w

ZìW~

$4-£é GG"5Ó45å JGHGHZ4^~Q��ZØ 2(a) �̂:WÇe+ÅYõ 2(b) �̂:
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Ã¦F,IÆ¿ÃKÆaZ�x�b�Z�!*]~Z[�ë�/�äYgì�X
z{¹��N�äÆ!*z��t¿Ã¦F,IÃ�góK~Zq-�éÅwg�rìX

~�zZg�!*]Z�x�ØXTÐ!7�zV 1770 ä�w (1733 - 1804) �is6,$k5Ðö GH

Å�zú~�ZÅ¢zg]»ZÏs�Z)Zkz�Ü�0ZâVÃÃ¦F,IÆ¿ÐzZ/7¶(6�
~Wx»**x 1775 äZj (Lavoisier) ~WxÅ�gc*ÄÅCZ"2.ç IJG 1774 W\Ãc*��Ç�6,$k5Ðö GHä

~ñ��ñxH¢UYCìX (Bell Jar) 6,$k5Ðö GHäx@{H�ÈpúZ2Z: �c*X
ZÏ§bpúZ2Z:~È(~aì»Ì�xQQìXZkät³Z~.H�H�púZ2Z:~eìQ
ñxH�c*³ZyÆ�÷heÐ�¾qwZk~ñ���ZÅ:~

Æ7�}ÃpúZ2Z: (Mint) p~zZµ�CìXpZ#z{7�Ü
~g3ÂZkä�¬�a;i0+{åZzgÛzãY+$Ðvð�ñxH
ÚVg�¶X6,$k5Ðö GHäGz£�ìH�LLYâgzVÆ¿w

ZzgñxHÆWÐ�ZÅ:~�äzZàp~Ã7�}bw�D
�X

HW\ñxHÔaeZzg7�ÜÆ7�}ÆâÎÃðmCk m

�D�?
6,$k5Ðö GHÆ�/Ðt!*]U*"$�Cì�Zk~uV»n�!zZµ�@*
ìXZzg7�zVÐ{g`�äzZà�YâgzVÅ�YZzgW~æ��î
ìX

p7�}�Z~ñ��»g0eZðW�àÃÃ¦F,IÆa
ZzgWxÃ¿w~ùZEw�D�?

)têV~ñ���D�(Æfg=Z#J-z{A�D�uV (Stomata) 7�}(,~lZg~��
»n�!�D�XZkÆ´z{7�}a%zVZzgàVÅeL!*:Vz){ÐÌuV»n�!¿~ÑD�X

Ã¦F,IÆa»g0eZðW�à¢zg~ìXñÖ»Ûí»�/
Zk�/ÃZ�x�¶ÆaZq-Z,7�}Å¢zg]�CìT~¶K3ñ��:�XíÐ¶K3Ã

X 7�}Ã½ãZq-ßJ-Z0+�}~gO@*�êV~¶K3ñ��:� (Destarching) ï%Æa

:6,$k5Ðö GH»�/ 3-�̂

¥ÅF,¹ÆaÓ#Ö»j
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~ªCÙ��{§i6,F,KM�ØX 4 WÑ]Ã̂
ah}ìzZàZq-Ës1LÞ³X m

c*7N*ô;àgzW�à»²w1LÞ~³X7N*ô ( P e l l e t s ) 7N*ô;GgzW�àÆ�} m

;àgzW�à»g0eZðW�àÃ_.[�CìX
À�~îg6,Ð�ñ»guÃ1LÞÆ��~Î�X m

¶K3ÐÞZZq-ØÃËs1LÞ~)À�~îg6,Ð�ñ»guÆfg=(�Z4ÙT~7N*ô m

;àgzW�àÆ�}&7N*ô;GgzW�à»²w�X
Z[7�}ÃÎg`ÅgzÝ~g[ÖX m

1- P[RV�1LÞ~gÇ�ñíZzg7�}ÆËZzgØÃá�¶K3Åñ��Ï»ZJyr� m

Æ®Z#Z�x�ØX
Ø»z{zTÃ�ZZzggzÝqÝ¶Z#WÇe+»<HY@*ìÂz{Y({g8-~ps�Y@*ìX m

ZzgØ»z{z�1LÞ~åT~7N*ô;àgzW�àñ��¶�»g0eZðW�à_.[�C
ìX"g8-gLìóZk�/ÐU*"$�@*ì�Ã¦F,IÆ¿~»g0eZðW�à¢zg~ìX
7�}Ã¬Z0+�}~Zzg�~Îg`ÅgzÝ~YVg3�H? m

Zk�/~�zêVÃYV<�**ec? m

Z[J-ëäÃ¦F,IÆ¿~0*ãZzguVÆgzwÐ0¥â]qÝÅ�z{
�0ZV�Zk¿6,î]�gì�ZrVäx@{Hì�F�zu}úZïÌ��Ã¦F,IÆ¿Ã
OW,�D�X

¥ÅF,¹ÆaÓ#Ö»j ´t

À�~îg6,É�Z»gu
ah}ìzZà1LÞ

 7N*ô;àgzW�à
(KOH) 

|»7�Z
8({g8-
)¶K3»g�Z(

"g8-
)%¶K3zZÑ(

»Ûí»�/ (Mohl) :ñw 4-�̂
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gzÝZzgÃ¦F,I 1.2.4

�is6,$k5Ðö GHÆiâ:~�0ZVLLÂZ**ðóóÐ0ic*�{¥â]7gnp1̧�~ZkÆ0

¹¼�gc*Ä�ZZ¤/»g0Zzg;àgzXÆKWxÐ¬ï�äÅzzÐ»g0eZðW�àZzg0*ã»g�@*

Æ�zgZ"54-ö EEEG ìZzgÂZ**ð{g`�CìZ#t¿!*�zZµ�ÂH�Ç?Zkz�ÜH�ÇZ#WxÃ¦F,I
ìZzg�z!*g{�Z~�áï�YCìX�g|�0ZâVäZk!*]ÐÌzZ/qÝ�àì�ZÏ§b

ÂZ**ðÅqª(Ì!*��CìXWxÆ�W~ÂZ**ðZEw�CìXZk»Ètì�7�zVÃ

WxÃ¯äÆaÂZ**ð�g»g�CìXtÂZ**ð¹VÐqÝ�CìX
ä�c*Xt (1730-1799)(Jan Ingenhousz) ZkÎZw»�Z[zßm,~�0ZVYyZ��i

Y~Zkät�¬� 1779 Y+Æa�7�}WxÃ¾§b»g�D�ZkäÚ�!*]KX

6,ZL�!*] (Hydrilla) gzÝÅñ��Ï~7�}Wx»g�D�XZ��iäW!7�};àgÞ

Æfg=ec*�gzÝÅñ��Ï~!�VÆZ§ZsgLgLé»g�D�X�@*gOÆz�Ü7
0*ñYDXZkätÌec*�ÑV~ñ����gZÝWx�¶X

�,�~ÅZ�ZY~Z#-Cÿ G
E

ExyäZkÐ0'×h+¤&�D�ñÃ¦F,IÅZWF,+
á�ZÐZgùVÅgzÝ (Strand) ÑbÆÅ̀¶K0+�ÅXZkÑÆáZkäZ57�}»¯

)z{g8-�ë¬xîg6,¸k�Ûb~�Ù�(~g3XZkÆ�ZkäWx�k"5¿.ç EGHc*ÃZEw

�ÆZÐic*�{u]zZàucZzg�gzÝ~g3XZk�/ÐÃ¦F,IÆ¿~âgÆZW,Z]»

_·�ä~7gÄ�ðX7�zV~ZgùVÆ%·]ªZßZyZzgâg~ÂZ**ðÆ7�zV~
ZEwÃzZãHX
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¥ÅF,¹ÆaÓ#Ö»j ´t

�"Æfg=x@{�,Ð�gzÝÅñ��Ï~Ã¦F,IÆ�zgZyWx{g`�CìX
�g»gZâY:

(;àgÞ)ÃðÌik,W[W!7�Z(Ô({»½»ÅLÔ0*ãÐ½~ 2 (ZJã�V) 2 (°) 2 kg})

!*yÔZ¤/HÔâ\ÅeÒX
§i»g:

~F,KM�ØX set 2 ~Cñ�§j6, 5 ;àgÞ7�}ÅÏ�ápVÃ̂    (1

Ã0*ãÐ½~!*y~gÚXZ[°Æßu}6,0*ãÐ½~ZJãSVÃ Set WÑ]Æå   (2

Zz0+J�X)Z(�äÐZJã"~0*ãÅR',�ÛZggSì(
ÃÎg`ÅgzÝ~gÚ set ïw³XZq- set !*yÐ�zâV    (3

ÃÌZÏ§bF,KM�}�({»½ÐeJ&¼/õ EGZzg�t�Zg(~gÚX set Zzg�zu}   (4

W\x@{�8�z{W!�Îg`ÅgzÝ~g3�Zå
ZkÅZJã"ÆZz6,~{~0*ãÅ(�Z¦�YC
ìX�g|tZq-��CìX�zu}W!»Ìx@{
ÙTÃW\ä@*gO~g3åXH�zâVWÑ]Å

ZJãSV~¦�äzZà�ÅlZg~¼�Ûtì?
Zk�ÃYiÆaQ�ð�c*sðc*Z¤/HÃZJã
"~�Z4�ä6,z{#VÆ�B¿uZÀì�
WxÅñ��ÏÃªCÙ�CìX

kg{ÐZJã"ï%ÆaW\ÃÃ́ m

ZôïD+ZÛ¢zg~�XZLyÐI�ÙX

!7�zV~¶K3Å»g~ÆaÎg`ÅgzÝ¢zg~ìX
~eñ� 2- Xr� (Destarched) Zq-|»7�Z³TÆêVÐ¶K3ïw�c*�H�

Æ§iÃc*�ÙX Destarching

Wx
0*ãÆé
kg{
ZJã"
0*ã

°
;àgÞÆ7�}

:;àgÞ»�/ 5-�̂

�/Ç�r
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¥ÅF,¹ÆaÓ#Ö»j´t

(Fix) Z,ËZq-íÃ({»½ÐeJeT6,ÃðÉ�Z%:ñ���XØ6,»½ÃZk§b«� m

~Cc*�HìX 6 �»½Æ({zÐgzÝ»*g:�6�̂
Zk|Æ7�}ÃÎg`ÅgzÝ~g[ÖX m

Îg`ÅgzÝ~gppÆP[RV�¶K3Åñ��Ï»ZJy�äÆaz�ØZEw�,TÃ m

({»½Ð«Z�H�X
Ø»Ã̈Kz8({�Y@*ì?ØÆ�z»H�Z? m

íÆÐ�ñ%äzZá{T~ÐgzÝ*gCìz{Y({g8-~ps�YñÇZkÐ m

¶K3Åñ��Ï»Ø¸ìX
ØÆg8-»x@{ÙTÃWÇe+~eZÑ�H�XHW\eMh��ZkØ»g8-ZYVì? m

³gz�ZzgÃ¦F,I 1.2.5
Z��iäÃ¦F,IÐ0'×h+¥â]ÆaF�!*]Z�x�ØXZkäec*�Üs!
7�zVÆ{�Ã¦F,I»¿Z�x�ï�XHg8-�ZgêVÆqï7�zV~ÌÃ¦F,I»¿
zZµ�@*ì?97�zV~â&í��}ucg8-Æ�3ð�ï�YV�!g8-~ps�YD
�?Hz{7�}ÌX~uqc*ig�~âbí0*ñYD�Ã¦F,I»¿zZµ�@*ì?H:Lì�
7�}Ã¦F,IZ�x�ï�²!g8-Æ³Z**])�P6,0+(Ã¦F,IZ�x7�ï?Zk§b
ÎZÑ]Zkz�ÜJ-(,}jÝÆîg6,¸Z#J-��0ZâVä7�zVÆ�VÐ!g8-Å�Ã
�Ñ
Cå{�D�ñZmS:]»_·HX

 Caventou Zzg Pelle t ie r Y~ 1817 Z��iÅ�zm,Zkz�ÜJwÅIXZ#
HZzgZkÃLL³gz�óó»**x�c*TÆp (Extract) �z�0ZâVä!g8-Æâ�{Ã´u{

!íÆ�X
Zzg (Carotenoids) Æ´z{HgzUCàk (Pigment) Zk!*]»ÌØ`ì�³gz�ZßZy

ÌÃ¦F,IÆ¿~æ�Çg�D�X�Îg`ÅÃúVÃ (Phycobilins) Mr&Ó4ø E
E

qÝ�Æ³gz�J-àD�X

:({»½»�/ 6-�̂
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¥ÅF,¹ÆaÓ#Ö»j ´t

Ã¦F,I»¿¹VzZµ�@*ì? 1.2.6

7�}~³gz�Zzg�zu}ßy�Zä¹V0*ñYD�? m

7�zVÆZy�VÆ**xe��VW\B��Ã¦F,I»¿zZµ�@*ìX m

7�zVÆâ&ucg8-ÆêV~ÌÃ¦F,I»¿zZµ�@*ì? HW\B�� m

³gz�Ã�gc*Ä�äÆb��VÆ�ÌÃ¦F,IÆ¿Æ9£xÃc*z{£x
äx@{H� Julius Von Sachs Y~ 1883 �V6,³gz�ñ���@*ìX¥x:HYeX
Æîg6,7Í/õ EG (organell) ³gz�7�zVÆ7Í/õ EGÆÓx{~;�Z7�@*XÉtZq-�[

(40-100 ~ñ���@*ìXZk��ÃLL³gzö�&óó»**x�c*Xt³gzö�&(,~®Z�~)½ã
7�}~úVÆ��Æõ¢�ö

EE

úVZzg7�zVÅi�F!*Ä~0*ñYD�X
)®)2~W\ä³gzö�&Ð07,JåXW�yg~±�-öEZzgZ

^©-
A
ö

EE
E±�-

ö
EúV~

)i�F!*Ä( ³gzö�&ÃªCÙ�C�ðØÅ²èF,ZlÅ¦k,»x@{�,X

(Cuticle) Æ{
!*Ñð',zVZ�)
yg~±�-öE7Í/õ EG

³g�
8k0î
EI
E

z¬ðx%ó
ÒY

Z

^©-
A
ö

EE
E±�-

ö
E7Í/õ

E

G

�Zð{a
õ�7Í/õ EG

ik,,',zVZ�)
��

(Cuticle) Æ{:ØÅ²èF,Zl 7-�̂

Ã¦F,IÆ¿ÆZ%Zi»_·�äÆaZ¤/Zq-7Í/õ EGÃÂhZYñÂZk~ñ��³gzö�&Ì
(Daniel I Arnon) YÆ�eZBWðXWg**y 1954 �zV~I^Y@*ìXZj�ÑCå{�**¹Â»xì1

ä7�}Æ7Í/õ EGÃ.e$��}ÐÂh�Ã¦F,IÆ¿~çzyå³gzö�&Ã�ÑCå{HX

HW\Y��? !
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¥ÅF,¹ÆaÓ#Ö»j´t

Gú�|#ì�&6,ÂV6,� ³gzö�&
�Cì�~6,]$úZmgÅ�854è

EG

G¯CìXÎ
¹Y@*ìXZzgtâ**Y@*ì�¸z{ (Grana) ¤/Z**

£xì�V6,Îg`ÅÂZ**ð_.[�Cìz{z�
(âùÐ½Z�@*ìZj Intermediary ÎzZV)
¹Y@*ìXZzgtâ**Y@*ì�t (Stroma) âùù

{%zVÆ¬ïÆaf)�Zg�@*ìTÅzzÐ
�ÃiÅ@*;�CìZzgtW:~p¶K3»g�D
�X

!âtÆz{â�}�Îg`ÅÃqÃ_.[�D�Ã¦F,IÆßy�ZäBD�Ã¦F,I
Æ¿Æ�zgZyFZlxÆßy�Zäzfe��7�zV~**xC�ã��ÃiÃ»g�D�X

³gz�Z(ßy�Z:ìT~Zq-!5½54gê G
Y
E
G
I»K0*c*Y@*ìZm�|#å�ÎÆ�?Æ�

Å§b�Cì)å�ÎÆ�?~ß;0*c*Y@*ìtucg8-»ßy�Z:�@*ì�py~WxÃ (Heam)

X( v�@*ì
ó¾V!g8-»�@*ìZzg a �z(,}nÆ³gz�!âtÆÁÃZà9£Ò3ð EGV~�D�X³gz�L

Light ßy�ã¤/z{Å̂~�D�� 250-400 óig�!g8-»�@*ìXCÙÁÃZà~½ã b ³gz�L
¯D�X!7�zVÆ (Photosynthetic Unit) c*Ã¦F,IÅZ»ð Harvesting Complex

!ât~Z+FZ»×VW:~ï�Ã¦F,I»¿Z�x�î�X
Ã¦F,IÆ�zgZyF¬5]!ât~Z�x0*D�X~ÐPøDfs�X

Ã¦ÂZ**ð»6ðÂZ**ð~ps�**X X1

0*ãÆ�?IRX)0*ãÅM0*æÏ( X2

»g0eZðW�à»»g1;àg�~As�**X X3

ZnÆ¬5]ÅZ�ZYÆagzÝÅ¢zg]�Cì²F¬5]gzÝÅ°xñ��Ï~Ì
Z�x0*D�XZeÈtì�Z#Zq-%ûÃ¦ÂZ**ð_.[�CìÂt@*gO~Ì¬ïÃ',�ÛZggpp

X ~çzy�CìXgzÝ6,«�äzZá¬5]¤/Z**~zZµ�D�XÎÃ¦¬ï¹Y@*ì
(Dark ~Z�x0*D�Î@*gq-¬ï (Stroma) â!*¹c*�v¬5]gzÝÅ°xñ��Ï~âùù

¹Y@*ìX Reaction)

ç

G

âùù

¤/Zß

¤/Z**ÁÃZ[+k
¶K3»�Z:»I DNA

²èF,Zl!âtÅ�|# 8-^

(Lipid globule)

\
A+
ö

I

�Z: Z7zâÁÃZà

11

SCERT, T
ELA

NGANA



¥ÅF,¹ÆaÓ#Ö»j ´t

Mð@*;»}4,x 1.3

(Light Dependent Reaction) MðZ®g~¬ï 1.3.1

Zk¬ï~gzÝZëgzwZ�Z�CìXZk¬ï~gzÝÆfg=Ñzq�äzZá¬5]�zZgu®)
(c*MYZ®g~¬ï Photochemical Reaction ÐzZµ�D�XZknZk%µÃMð6ð¬ï)

(Ìë�X Light Dependent Reaction)

Mð¬ï³gz�',�ZgÁÃZàk~zZµ�@*ìX�¤/Z**ÁÃZàkBD�X
MYZ®g~¬ïZ%Zi~�0*@*ìX

(Ã_.[�ÆÃu�Y@*ìX)¯N*yÂZ**ð Photons X³gz�Z#gzÝÐÓk~W@*ìXÂ¯N*÷) I %³:
X0*ãÆ�ãÃÂhäÆnÂZ**ðZEw�Cì@*�WxWiZ��Xt¬ïMY0*æÏ II ÅZ»ðì(%³:

(**ò�b�ZVä�gc*ÄHXZknZy Robert Hill (B@*ìXZy¬5]ÃgZ',^I) Photolysis)

(Ì¹Y@*ìX Hill's Reaction ¬5]ÃIÆ¬5])

NADP (Ã�ºm%·]� H+ (Æ�zgZy»g�äzZá;àgzXgzZV) Photolysis MY0*æÏ)
NADPH (¯gUqÝ�fe�XZzgZÐ Nicotinamide Adenine Dinucleotide Phosphate)

)As�{(~ps��ï�X
(Ì»g�@*ìX Adenosine Triphosphate)ATP Ã¦¬ïÆZ!x6,ÂZ**ðÐ½7gZq-Zzg%�'

(Bio Synthetic Phase gzÝ6,)«¬ï:)§C@*d%³ 1.3.2

Zk%³Æ¬ï~gzÝÅñ��Ï¢zg~7ìZzg�%û@*gO~ÌzZµ�@*ìX
t¬ï@*gq-¬ïB@*ìX1Z�b@*gq-¬ïc*gzÝ6,)«¬ï»Èt7�tZÏz�ÜzZµ�@*
ì²gZ]ÆZz�]~@*gO�XZk»È¸ì�t¬5]gzÝ6,«7�DX

ÅÂZ**ðÃZEw�D�ñ�Ãi AT P Ðp C O 2 »;àgzX N AD P H @*gq-¬ïÆ�zgZy
»g�D�X�ÃiÅ@*;FZq-%Zi6,��CìX�Pºm�gxã%·]

(Ribulose 1-5 bisphosphate) RuBP ¿Æ�zgZy Zk zg{%}�áï�X Z (Intermediate Compounds)

Ã_.[�@*ìZzg!*sy%�Ãi¶K3~ps�Y@*ìX CO2 %�'
7�}ZqÑ]��h+¤/òó.Zzg!gzÝÐá�ß%î[Zzg�®àgzÝ~Ìi0+{g�Æ�.Þ
�D�XgzÝZzg�vúZwÅ¢zg'Zq-7�}Ð�zu}7�}~Z�C�X
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(Heterotrophic Nutrition) �¤/́ð́t: 1.4

Y0+ZgzVÅ�*~ÓxY0+ZgZqÑ]~Z§hVÐ½ZqÝ�D�ñi0+Ï*ZgD�Xë
Zy�ÇVÐ0¥â]qÝX�X�½ZÅ»g~ÆagzÝÃ_.[�D�Xtp�́ð�X
z{Y0+Zg�ZZ(7�DX�¤/́ðBD�X

Y0+Zgù½ZqÝ�D�X 1.4.1

��½ZÆZlxZzg�ø7!ÆÒpÐZkÆ�wÆaZÑÇ¿Z(g�D�PY0+Zg
 �D�XZzgZkÆ�ZÐ�~_.[�fe�X} (Break down) ½ZðZâYÃ�Æ!*CÙ¹

ZÆóæzxz){XZyY0+ZgzVÃënpgë�XP�zu}��7�zVZzgYâgzVÃ (Moulds)¡
�V Cuscuta huG%½ZqÝ�D�XZkn»Z´ðÑÇ¿»ZEwMZÑlx�ÇV�

z){~�@*ìY0+Zg7g~½ZÃ�ÆZ0+g (Tapeworm) Zzg¡�z�Û (Leeches) �7- (Lice)

�Z4�Æz�¹�D�X½ZÅnZzgZkÆÇ�ä»Z0+ZiY0+ZgÆ�Å¯z^ZzgZk

ÆZdw6,«�@*ìX
½ZZzgZm�ø7!Æ§jZ�äÅzzÐZY0+ZgzV~NÂxÌZ�@*
ìXq-ï~Y0+ZgzV�Z�~½Z�ÅåRÐZ0+gqÝÅYCìp�V�V

~Z���@*ìX�ÆZ{ZµZµZdwZ�x (Complexity) �-VÅëÏ
�ï�X

Æfg= (Pseud opodia) (Æ7Í/õ EGÅR6,¬gèZ¶ú»f[c 9a }Z�)�¶̂�
»g�D�ñ½ZqÝ�@*ìXZk½Zð (Food Vacuole) ½ZÆfgZ]6,½Zð{a

~Óf6,m,~¿~WCìXZzg (Cytoplasm) {aÆZ0+gë{½Z��{̂~ps�CìZzg½ZÅ3ât
��q-ï~Y0+ZgìZzg3Å (9(b) )Ç�{½Z7Í/õ EGÅRÐ!*CÙ{g`��~YCìXcZ$4o-ê GIG)�¶̂�

Zq-¥^�CìXZk~½Zºm£xÐ�Z4�CìXt½Z@1VÆw»]ÅzzÐ��g}�6,ñ��
(Cytostome �YCìZzgZk£xÃï~��) (Ingested) �D�XZk£xJ-Bì�V6,½ZZ0+g�Z4

¹Y@*ìX

¥ÅF,¹ÆaÓ#Ö»j´t

9(a)�̂
Z�~́t

»f[c

½Zðâ�{

½Zð{D

3ç 6�
(Oral groove)

½Zð{D»àC

Þi~gziy
(Anal pore)

½Zð{D

%�/{

ï~��
(Cytostome)

:cZ$4o-ê G
I
G~́t 9(b)�̂
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~Z´t: Cuscuta 1.4.2

Zq-)Ø�Zg.Þ3ð (Genus cuscuta)Dodder Zq-%êVzZÑZ7�Z
Mo r n in g  G l o r y »Z7�Zì�{0+Zy ( tw i n i n g ) �ð^

nÆ.Þ3ñ 170 Ðmg�rìXZk854ø EGE~½ã (Convolvulaceae)

ZâZq�*½~Óx¤/xz5w´̧V~0*ñYD�X (Twining) �ñ
~¹�¾lZg~ Cuscuta reflexa Æ7�}~³gz�ñ��7�@* Dodder

Æfg=½ZqÝ�D�Xta%ú�854è
EG

G�C� (Haustoria) ³gz�ñ���@*ìZzgz{;:gt
»�ig�ó Dodder gÏú (Slender) �ö!*y7�}Å!*:V~�9�ZjhuÌ�$Ë�X�Ñm

Dodder ~ps�D�X Scales **g�ó�!c*Èg}g8-»�@*ìXZkÆígLgL
gL Å§bñ���D��ig�c*C (Clusters) Å^~NV (Nodules) ÆYwÇ[V

6,��D�X (Petals) púe[
ÐÀ_ìä��.Þ (Anchoring root) »Õ@ZÌìÂtZq-5Z0+Zi�äzZàa% DodderZ#

3C�ð^~%0*�ö!*y7�}J-(ìXtö!*y7�}ÆãÐf��:gtÆfg=Zk
~Z0+g�Z4�@*ìXtö!*y7�}Æ8k0î EIEÐ0*ãZzgÒÐkc*]�:gc*Æfg=qÝ�@*ìX

ZK̈âV~́t 1.5

ZK̈ãNÂxZq-ë{¿ìZk~Z{;t+ö
E

(w
Zzg;

t+
ö

E

{%zVÅæ�ÐZZdwZ�x�ï�X
W�NÂxÅ^»x@{�,X;t+ö

E

**àãC�~îg6,Zq-
ÑÑ"ì���ÐÞiJ-#�ð�CìX;t+ö

E

"~Z
{0*ñYD�XZµZµ{»�Z0+Zi~ZZdwZ�x
�ï�X

¥ÅF,¹ÆaÓ#Ö»j ´t

:ZK̈ãNÂx 11-�̂

ì&��
°!¼z�
%~
n{

Å5Ò0î EE

®

gKW-$
(,~W-$

çYè�
Þi

:
±h½ðN*~;:gc* 10�̂
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Z#øg}�~½Z�Z4�CìÂH�Ç? m

Z#ëZnÅ½Z3D�ÂtZÏ;t+ö
E

"Ð�C�ð*gCìX½ZÃøg}�Æa�.Þ
ZEw¯äÆaZkÃgLgLâ�zV~ps�**�@*ìXZkÆaZZqw»_·�äÅ
¢zg]7WCìTÃfs~�c*�HìX

:Gut N"Æfg)½Z»gZ3c* 1.5.1

qÝÅ�ð½Zøg}��~ñ���ZÕVÆfg)Âh~YCì}
�ð½Z°[Æ�B5ðYCì@*�ZkÃF,ó8-B-ö FFFFZzgôzZá3,xÍá

�1Ö¹Y@*ì~psHYnXt1Ö%~Æfg= (Slippery)

¹Y@* Mastication *gäÆnñizV�@*ìX)Zk¿Ãç**
ì(&�h°!¼z�Ð°[»Zy%Z`�@*ìX°[~Zxð9{%{

�ë{»g1;àg�Ã��{̂ ¹Y@*ì(ñ���@*ìX (Ptyalin) TÃ
~ps�@*ìXi!*y½ZÃ5äZzgZ�{~eª~æ��îìZk7g}

¿~"�Zæ�Çg�@*ìX
øg}��~¾§b°!Zxð9»g1;àg�6,ZW,Z0+Zi�@*ìZk»ëx@{�Mh�X

c*½Zð**àÆfg)ñYw»] (Oesophagus) 3,x½Z°[ÐYÆ�%~
ÅzzÐn{~�Z4�Cì (Peristaltic movement)

YCìTÅzzÐZ[½Z4 (churned) n{~½ZnðgkZzg;àgz³gq-F,�Æ�B�ð
{%}ÅzzÐgL Pepsin k̂qª(~gSìX;L»¿Yg~gLì»g1;àg�Zzg7,z9ó

gL�Ó]~¹KYD�X

¥ÅF,¹ÆaÓ#Ö»j

:Z°!¼z�zV»z̧q 12-�̂

','×âg

85ëE °!¼z�

°!**à

i!*y

´t

~¥â]qÝ�,ÐX 7 °[Æ6ðZW,Z]»x@{§CZqw~ZgnoÆrX
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~ps (Slimy) æ]Zzg»g1;àg�gLgL�Ó]~¹��½ZÃ3,xZzg®�ð̂
¹Y@*ìZ[½Zðâ�}n{ÐgKW-$~�Z4�D�n}Æ (Chyme) �D�&Ýk

¹Y@*ì� (pyloric sphincter) Wy%~{~�Z],{úW]0*ñYD�Îq�¬Ü{
�äÅzzÐ½ZÃgKW-$~*gä»gZ3�ÛZë�@*ìXtq�¬Ü{½ZÆ·îÃ�1 (relax) e¡

~gppÆaf)�Zg�@*ì@*�z�ÜzZu~½Zðh~ðh~lZg~gKW-$~*gnX
N**à»�&ÐÑmzgKW-$�CìZk»�ÛRzZzñ�~B@*ìXtz{£xì�V

6,»g1;àg�æ]Zzgl%ÒVåîg6,Ç�YC�XZkÑÆagKW-$óÅ5Ò5Ïî EEZzg®ÐZ�ÛZiZ]

qÝ�CìXZzgtZ�ÛZiZ]W×W×g"ö?W-$ÅZ0+gzãqª(ÃZ�Ïc*¨~
¯D�X

Globules ®ÐZ�ÛZi�äzZá1$gkÅæ�Ðl%ÒVgLgL
¹Y@*ìX (Emulsification) Å̂~ps�C�Zk¿Ãè{�i~

{%{ (Lipase) ZzgÑðm tripsin Å5Ò5Ïî EEÐ{g`�äzZáõgk~
ñ���@*ìXR,$jè FE{%{æ]ÃZzgÑðm{%{l%çVÃÇ�ä~çzy
�@*ìX

W�gkZ�ÛZi�D��;LÆ¿ÃWÐ Succus entericus  gKW-$Å�-ZgzVÐ
(,JD�tæ]Zzgl%çVÃ'×h+gLgL�Ó]~¹�D�X��~»g1;àg�»¼
zÇ�@*ìZzgtn{~¯Ëp~ÆgKW-$~îÆ�z;Vñ��Z�ÏS¤ÅzzÐt
åîg6,Ç�D�X

{%zVÆeg^»_·
W�eĝ~�îñ�Z{%zVZzgNgkÆZdw»_·�,XZkÆ!*g}~#{
)®)~I��,X

ñY&Ø~w�' 13-�̂

Ø~&
ñY
w�'

n{

Bolus

%~

¥ÅF,¹ÆaÓ#Ö»j ´t16

SCERT, T
ELA

NGANA



õ&] Zy6,
¿�@*ì

Ngk ZêZ0+gZ�ÛZi
HY@*ì

ZyÐ
Z�ÛZi�@*ì

{%}&â�} �
¶Ky

âwi »g1;àg� °[ 1¹²Aªî XE °!¼z� �Þ
)°!Zâð9(

1

Peptones "543ð
FGF
H÷ æ] nðgk n{ ð¼z� n "54j

è
FGFE 2

è{�i~)(,}l%çVÃgL
~Âhä»¿ globules

l%ÒV 1$gk Zzñ�~ ® 1$gk
){%{70*c*Y@*(

3

âwi »g1;àg� õgk Zzñ�~ Å5Ò5Ïî EE Zâð9 4
"543ð
FGF
H÷ æ] õgk Zzñ�~ Å5Ò5Ïî EE R,$jè FE 5

glycerol F,ÚZzg
\
A.-
ö

I
J

l%ÒV õgkó Zzñ�~ Å5Ò5Ïî EE Ñðm 6

Z�F,Ú m� µn¶9; W�gk gKW-$ W�¼z� &45å F
G
HHm,k 7

�Ãi hm,)kH( W�gk gKW-$ W�¼z� hm, 8

»g1;àg�6,¿�äzZá{%zV»**xe�? l

ÃµNgk~{%}70*ñYD? l

l%çVÆõ&]H�D�? l

z{Ãµ{%}��æ]6,¿�D�? l

¹Y@*ìXW-$ (Absorption) ;aÆõ&]ÅW-$Ðpy)W-$Å�-ZgzVÆfg)(~ÃÃZ+Cå EEEZ[

¹Y@*ìXtz&ÕäGOðZ+Cå EEEZ[ÆÒgÕ~ (Villi) Å�-ZgÆZ0+gzãz~"ÑgZ¶úiZZ+}�D�Îz&ÕäGOð
Z���D�XZyz&ÕäGOð~pyÅ**1VZzgÅ.§ö

E

**1VZq-YwÅ̂~ñ���C�X
Ç�{õ&]�&Ð¬ÌÞð~ZzgQz;VÐpyÅ**CVZzgÅ.§öE**CV~_.[�D�XZk§b
gKW-$~ic*�{Ðic*�{½ZÆZ+Cå EEEZ[Æ�!*¹â0+{½Z(,~W-$~�Z4�Cì�VZk)Ç�{½ZÐic*�{
F,0*ã_.[�@*ìZzgN**àÆWy%~u}ÞiÐ)Ç�{â�}!*CÙ{g`��bYD�X

¥ÅF,¹ÆaÓ#Ö»j´t
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B@*ìX  (Defaecation øg}�Ð)Ç�{â�zV»ÞiÆfg)Zy%Z`g«',Zic*g«q~#)
ÞiÆfg){g`�{â�zV~�.ÞÒplZg~ZÌÌæ]ól%ÒVZzg»g1;àg�ñ���D�X

Ì0*ñYD�XëN Fibresc*(Roughages)Â ZkÆ´z{Zy~»g1;àg�Zzgæ]Æc*
Ð0!*[LLi0+ÏÆ¿~Zgnoóó (coord ina t ion ) ÂxZzg�zu}ÂñVÆ�gxyZgno

~zZ/qÝ�,ÐX (Coordination in life processes)

ZK̈ãNÂx»jeg^:

¿;LÐ0W\HY��? m

ZkÆZë%ZiH�? m

N**àÆøy¡ÆZñg: 1.6

FñŹV6,ZK̈ãN**àÐß',@*î�äÆ!*z��z{)©àîg6,4Z0+Zi~ZLZdwZ�x
�îgSì!�Zz�]t!*#:gzlÌZ(g�CìTÅzzÐëFg~Ck�ä��c*�$+N
ÅDe$�YCìX

n{Ð)¢zg~c*vy�{â�zVÅÜàÆaøg}�Æfg)Z(gHYäzZÑ¿�¢/õ GJ

(Peristaltic B@*ìXøg}n}Zzg%~Å¬x�ÆOñ#³�~ñYw�' (Vomiting)

ÅzzÐ½Z!*CÙ{g`��~YCì¢/õ GJWäÅFz�;]�XZzgZy~�&Ð¹�¬xzz½Z» movement)

ic*�{lZg~¢8Z#�ic*�{Ú�&~Zk½Z~l%!ñ���X

&Ò�ð Ex 1¹²Aªî XE ��

%~ n{

(,~W-$ gKW-$

çñ� Þi

½Z

Zzñ�~

Å5Ò0î EE ®

¥ÅF,¹ÆaÓ#Ö»j ´t18
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Z¤/ëÃðiCÙWß��c*Z+��**�.ÞÇ�3ä6,Ì¢/õ GJ�YCìX
ZEw�,Â�!g8-Å¢/õ GJWCìZzg'×{�/zZ (Rich meals) Z#ëF�âVJ-uÐic*�{k~½Z

(¹Y@*ìXëZ¤/ic*�{lZg~l%çVzZà½Z Liverish (c*®gkWö{) Bilious Ck�@*ìTÃ1$gk)
(Åª¤g~�CìX Nausea 7YXTÅzzÐ��) (Cope up) ZEw�,ÂøgZ®Zj',�Z�&

(Zq-¬xZ�bì�½ZÆ;L~��ÜÆnZEwÅYCìX Indigestion $+N)
¡qßvÀ�;LÐ0)bÃfs~�g`ZîZgÃZCD�ñôpg{Mh�X
��{áZiy½ZZEw�** (a

3äǢgU�JKãzgilÐZ�Zi�**X (b

0*ãic*�{lZg~ÁCX (c

(ÐvÆnic*�{lZg~g6�Zg½ZZEw�**X Constipation H) (d

(ÅzzÐÑh�CìXZk»:L½Z Ulcers $+NÅZ�ð¡�ußg�wn{ZzgZzñ�~Æ**Îg)
(»:L�WzZá"5¿.ç EGHc*Æ].h+ Peptic Ulcers (c*½Zð¬�]�$ËìXnð**Îg) Infection ÅnÔ®t)

g^aÆ0W\)®)Û~7,|`�X

:(Diseases due to malnutrition) ½Zð¡Í-ö
G
GFgc*V: 1.7

ëY���ËY0+Zg~§»CZqw�ÏÐZ�x0*äÆa½Z�Zëfg=ìXøg~½ZáZiy�ã
ecT~»g1;àg�óæ]ózN*ðónãón*C#óZzgl%ÒVo�&lZg~ñ���VX¬@W!*�~Æ�z

ÆZEw (High calorific food) äðúZx½ZÐ0Fg-VÐOW,�XZy~ÐPßviZZ+wZg~½Z
ÐFg-V~2�XZzgFßváZiy½ZÅ¶ÅzzÐZFg-V»�o�gì�X½Zð¡Í-ö

G
GFg-VÐ

0I��**¹�ZëìX
¹ (malnutrition) Z+½Z»ZEwT~Zq-c*iZZ+kc*]£/lZg~ñ��:�VÂZj**³´t

�UÃ�ÉZzg4½Zð¬�ÂVÐ0°xzZ/ÅzzÐ�Cìó�YzçÙ (poor health) Y@*ìX**³¡
¬ïz){ÓxÌøg}o~**³́bÅz�;]�X

¥ÅF,¹ÆaÓ#Ö»j´t 19
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**³́tÅ&Zlx�
(Protien malnutrition) æC**³́t X1

(Calorie malnutrition) wZg~**³́t X2

(Protien calorie malnutrition) æCwZg~**³́t X3

W�Z[ë�V~**³́tÆµZW,Z]Ð0zZ/qÝ�,ÐX
: (Kwashiorkor Disease) ÃZ$h4ð JIGg�Fg~

~0*ã (Inter cellular spaces) t½Z~æ]Å¶Æ:LaZ�äzZàFg~ìXÎï~»V
Æ¦�äÅzzÐ�Æ�V~ÎXaZ�CìXW]»%.e$$zg�@*ìXczV~ÎX

�3äÆ¿~1�{�@*ìZ�wZzgaÅÈ¢ZkFg~Å´� (Fluffy) n{gzN�Zg
�X

:(marasmus) %Z�
tFg~æ]ZzgwZg~ÂZ**ð�zâVÅ¶Æ:L�CìX¬xîg6,tFg~Zkz�ÜzZµ�CìZ#

Zzg$zg�3ð�êìZzgW]Á% (lean) ¯g~�zuZÜjY@*ìc*!*g!*g�VÅaZö�CìXÑ̂¾
c*C�D�Zzg¢È�CìZkÆ´z{tZ�wz){~Ì2�@*ì�ZkFg~Å´#ÖìX

:(obesity) ñN*0*
(gppzZà½ZîV»ÚZEwñN*9 Colories Zz6,Òy��{½Zð¡Í-ö

G
GFg-VÐsÃMwZg})

(»:LáCìXÃðÌ¿ic*�{wZg})ÂZ**ð(gppzZá½Z»ZEw�D�ññN*) Obesity)

(�Y@*ìX Obesse

(Gall Bladder (ZzgØ) Renal (¤/�z~) Cardio- Vascular ñN*9»Dga¬xîg6,̄z¬ð)
Æ)bÐ�zeg�Mh�X

(Vitamin Deficiancy Dieseases) §&Å¡Í-ö
G
GFgc*y 1.8
xCâ�}�D�Xty%�kc*]�XÅ¾lZg~¢zg]�Cì�g|§&Å §&**

@*;øg}�~7�CZzg¬xîg6,ë§&Å¶ÐaZ�äzZàFg-VÐOW,7�DX
(Zq-Â3ðYäzZà½ZZzg�zu}W-$~0*ñYä 1 øg}�Æa§&Æ�zfgZù�D�X

zZá"5¿.ç EGHc*��§&Å@*;�D�Zzgøg}�Ã�ÛZë�D�X
§&Å�z¤/z�V~�gzÈ~Å�ìX

óó( C Zzg§&LL B-Complex 0*ã~i5+k,§&)§&  -1

(K Zzg A,D,E l%!~i5+k,§&)§&  -2

W�fsÆ].zw»_·�,T~§&Æ�ø7[fgZ$�ð JVZzgZyÅ¶Æ:LaZ�äzZà
Fg-VÃec*�HìXøg~ZEwÅYäzZà½Z~Z¤/§&�g»glZg~ñ��:�VÂ§&Åº
Ñh�$ËìX

¥ÅF,¹ÆaÓ#Ö»j ´t

ñN*0* 16-�̂

�g�&¢ 17-�̂

:ÃZ$h4ð JIGg� 14-�̂

;%Z� 15-�̂
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´â] ¡Í-
ö

G
GFgc*V fgZù §&

(paralysis) óÈu»:�**ó¿w~)]óÃÒ&Á{ fits ¢/õ
G
Jó Û~Û~

 (Beri Beri) 

Z»kó%ÆÕ@óF,»gc*Vó
�z�|óÍ�&óTóZ&+}

(B1) �}

Zzguc�**ó (Sore tongue) ìÆiZz-V»Ô�**ói!*y»�´
Scaly skinó(photo phobia) Ãqps

Z�[�y
(Glossitis)

�z�|óZ&+}ó®ó¤/�}ó!
ízZàF,»gc*V

(B2) gZ
&43ð
J
GE¸y

Scaly skinóLoss of memory óZ�w Dermitities �g�&¢~
(pellagra)

¤/�}ó®óÍ�&óZ&+}ó
Tó%ÆÕ@

(B3) *¯

fits ó¢/õ GJó Nausea ó� (hyper irritability) iz�y%Zl5+k,~ (Anaemia) LZZx Z»kó%ÆÕ@ó
F,»gc*Vó�z�|óÍ�&óT
óZ&+}ó®

0*J~eZ�/y
(B6)

Ñ¾Zzg$zgóÈu»Á�** Pernicious

LZZx anaemia

W-$~0*ñYEZá
"5¿.ç
EGHc*Zk§&Å@*;
�D�X

(âÃ!*Ñ~
(B12)

óW� (loss of leucocytes) Z�wóC8o-.ð EGV»�ù�**ó
Æ)b muocus

LZZx ®óÍ�&óZ&+}ó�z�|óñ}ó
Z»kóízZàF,»gc*V

¯´F,�

(Sprain) ½~�ØZg~óña czV~¡ g@*ßóñ8-̂óF,»gc*Vó®ó
¤/�}óZ&+}

\�\F,�

~óf6ÚîóW]~�g�ó (Nerves Z¡!ZF~
disorder)

ó c*�i} Nuts �ZBó
F,»gc*Vó®ó�z�|ó¤/�}

!*Ç�

 i¿VÆqï�ä~@*íóA-V~- (Scurvy) Zc1o citrus !ízZàF,»gc*Vó
óQ��ñÕ@ fruits

(C) Z
$h½ð GgàF,�

óÈ8g.0î FIGó (Night blindness) �&Ãg~
scaly ó(cornea failure) ó�Û6Å**»òó (xeropthalmia)

ó¡Òfõ E�Zg¢ skin

WçZzg¢~Fgc*V ízZàF,»gc*VóÇ%̀óQR,ó
�zó"5é FFðóWxóÍ�&óTó

cod liver Z&+}ó®ó�z�|ó
 shark liver oilóoil

(A) g
"545é G
H
G
E

w

(improper formation of o�&»g~ó ** A-VÅ
óÎÓ�ð¯×Vó (knock knees) ó99ZD�Ö bones)

ó$zgAc*VX (Delayed dentition) @*í�{�Z-$

(Rickets) �c cod liver ®óZ&+}ó�ó
ó)  Shark liver oilóoil

 ðÎk,}Îg`ÅÃÑ(
Å D ik,¢l%!~zN*ð

 »g~ÆaLaZ�CìX

(D)
µ5Òh4¬.ç
GG
E

GZw

óúgÂV~ZboÜ (infertility in males) %�zV~�§êG (Fertility Â6~Ú
related disorder)

ñ}óF,»gc*VóQ��ñ
 Îg`í»% UÕ@ó

(E) IÃ9Zw

ó(over bleeding) Z

+
A)é
E

E�py~@*íóic*�{py»·î py»Z+A)é EE�Ð0
 )b

!ízZàF,»gc*Vó�z�|ó
 Í�&ÔZ&+}

SY**y
(k) 

¥ÅF,¹ÆaÓ#Ö»j
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p�́ð´t~7�}��{)**xCâ�}�Pn*]Zzg0*ãi}ÐqÝ�D�Zzg�Z~ñ��PuVÃqÝ m

�D�XZkÆ´z{ÛzãÂZ**ðÃÎg`ÆfgZùÐqÝ�Æ.e$�ë{ÂZ**ðzZá**xCâ�zVÅ@*;�D�X
Mð@*;)Ã¦F,I(Zq-Z(¿ìT~³gz�ÆqïY0+Zg7�zVÆ7Í/õ EG»g0eZðW�àZzg0*ãÆfg)Îg` m

ÅÂZ**ðÃZEw�D�ñ½Zðâ�zV)�ÃiZzg¶K3(»g�D�XÃ¦F,IÆ�zgZy7�zVÐ**»g{â�}Æîg6,
Wx»Zy%Z`¿~W@*ìX
Ã¦F,IÆ¿ÃfsÅ)zZ]Æfg)ªCÙHY@*ìX m

Ã¦F,IÆa�g»gZâYt�XgzÝó»g0eZðW�àó0*ãóÃ¦F,0Ìßy�ZäÔ³gz� m

Æ{~zZµ stroma !ât�@*ìXÃ¦¬ï¤/Z**Æ{~ZzggzÝ6,Z®g�äzZá¬ï (Site) Ã¦F,I»%�/ m

�@*ìX
Ã¦F,IÆWy%~õÝ�Ãió0*ãóZzgWx m

Ã¦F,IÆ�zgZy!ât~�äzZáZë¬5] m

0*ãÆ�ã»IR (b Ã¦ÂZ**ð»6ðÂZ**ð~ps�** (a

»g0eZðW�à»»g1;Gg�~As�** (c

�¤/́ð́t~�zu}�ÇVÆ»g��{ë{â�zVÃ�g½ZqÝHY@*ìX m

ZnǼt»�ZgzæZg½ZÅ�ÛZbZzg½ZÆqÝ�äÆ§j6,«�@*ìX m

~Z���@* (Complexity) Pq-ï~Y0+Zg�ÆZz6,~RÐ½ZqÝ�D�Zzg���ÇVÆ�~ëÏ m

ìZ{ºmZdwZ�x�ï�X
(z){��{�Ó]~{%zVÅæ�Ð�Æfg) Lipids

\
A.5é
I

G]) (,}ë{½Zð�Ó]
8o/õ EG»g1;àg�óæ]ó m

ZEwZzg_.[�äÐ¬I3�XZk§bë{�Ó]»��{�Ó]~IR;LB@*ì

gzÝ
³gz�

óHaustoria óÃ¦¬ïó@*gq-¬ïó�¤/́ð´tóZ´tó stroma �Ãió¶K3ó+ßió!âtó¤/Z**ó
N**àó°!¼z�óØ~w�'óZâð9ó�Aó"54h4è FGFGEóÝkóq�¬Ü{ó;LóÅ5Ò0î EEó{%}óz&ÕäGOðó1$gkóÑðmól%!ó

ÔÃZìg�Ô%Z�X (emulsification) ®óè{�i~ó

6CO2 + 12H2O

¥ÅF,¹ÆaÓ#Ö»j ´t

ã~ZÖp

ëäH5
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ZK̈âV~N¼z�ÆZ�ÛZi��{{%zVÆfg)X»mN**àÐ�@*ìÇ�{½Z3äÆ�tZ%Zi~I¦ m

ìX½ZgKW-$~_.[�CìZzgz;VÐÓx�ÆúVÃÈYCìX
NÂx~½Zð**àZzgZkÐÝFZ¡IYZzg;t+ö

E

¼z�a%}�ñ�D�ZK̈ãNÂx~øDfsZdwZ�x0*D�X m

:½Z»�~�Z4�** Ingestion (a

:ºm{%zVÆfg=ë{½Zðâ�}��{â�zV~ps�D@*�øgZ�ZÐZEw�nX ;L (b

Ç�{½ZN**àÅ�-ZgzVÆfg)){mîg6,gKW-$~(�zgZypyÆÂx~�Z4�CìX Z
+
Cå

E

E
E
Z[: (c

ÞiÆfg))Ç�{½Z�Æ!*CÙ{g`�** (Defecation g«q~#) (d

(AS1) fsÆ�gxy�ÛtÉÀ£4/õ JG? X1

;L - Ingestion (b �¤/́ð́t - p�́ð́t (a

!ât - (³g� d @*gq-¬ï - Ã¦¬ï (c

(AS1) z�;]ÒyÙ? X2

(ÅãC�~ÂZ**ð»fg=�Y@*ìX living world W\ùÈMh��YVÃ¦F,I»¿Y0+Zg�*) (a

Ã¦F,IÆ@*gq-%³ÃgzÝ6,Z®g:�äzZÑ%³¹Y**YV4ì? (b

�c*Y@*ì? (Destarch) Ã¦F,IÆ�!*]ÃZ�x�¶Ð¬7�zV~ñ��¶K3ÃYVïw (c

Îg`ÅgzÝ~gÇ�ñ7�zV~¿w»bCÙ{�**YVe7ìX (d

(AS1) VB�Ø? X3

´c*ð¡Í-ö
G
GFgc*V (d §& (c �¤/́ð́tzZá�� (b N{%} (a

(AS1) 7�}¹VÐqÝ�D�? (Raw materials) Ã¦F,IÆa�g»gCÙZq-{x� X4

(AS1) ÃðF,IÆ¿Ãjeg^Åæ�Ð��X X5

(AS1) Ã¦F,IÆ&õ&]Æ**xe�? X6

(AS1) Ã̈Kì? (Connecting substance) Ã¦¬ïZzg@*gq-¬ïÆ�gxygZ�»â�{ X7

(AS1) �CìYV? (Shiny) ZÒêVÅ¬RÆ£«~Zz6,~Ric*�{!Zzgó X8

(AS5) �s**'×�{�Åæ�Ð!âtÆ�|#Åz�s#Ù? X9

(AS1) n{~F,Ú»Hgzw�@*ì? X10

(AS1) ;LÆ¿~æ��¶zZáZ¡IZzg¼z�zVÆ**xe�X X11

(AS1) ÷ì?z�s#Ù? (designed) N½ZÆZ+Cå EEEZ[ÆagKW-$»%: X12

¥ÅF,¹ÆaÓ#Ö»j´t
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(AS1) øg}�~l%!ùÇ�Cì?t¿¹VzZµ�@*ì? X13

(AS1) ½ZÆ;a~°[»Hgzwì? X14

(AS1) gKW-$gCgC̈~qª(~ps�ä6,æ]Æ;a6,Zk»HZW,�Ç? X15

(AS1) »Hgzwì? roughages N**à~ X16

(AS1) **³́tÐH%Z�ì?P½Zð¡Í-ö
G
GFg-VÅz�s#Ù? X17

(AS2) ZK½ZùqÝ�D�? (non green plants)
¢-
A
ö

E
E
E

Zzg
"5¿.ç
EGHc*�)!7�} X18

(AS2) Z¤/ë�Z~»g0eZðW�à»Zg�i(,JDYNÂMð@*;&Ã¦F,IÅÑbgëgH�Ï? X19

(AS2) 7�zV~Mð@*;Ñbgëg¿wÅÑbgëgÐ(,|YñÂH�Ç? X20

(AS1) W\ùÈMh��n}~»g1;àg�Ç7�D? X21

(AS3) êV~¶K3Åñ��Ï»_·�äÆaZjwÆ�"{:~W\Ã̈K§iZ(g�8e�? X22

(AS3) W\ùU*"$�zÐ�!7�zVÃgzÝ~gpp6,Wx»Zy%Z`�D�? X23

(AS4) Ë6,ZÎ~�Wn»�zg{<ZzgZ/Æ�V~**³́tÆ:L�äzZàFg-VÐ0¥â]Z�<X X24

§& wZg}

Ä
A./õG / �¶Ky

.1

.2

(AS1) LLZ¤/i}6,!7�}ñ��:�ÂÓxY0+ZgzVÅi0+Ï»{Ø�Yì!óóû{Ù? X25

(AS5) ZK̈ãNÂxÅZq-**'×�̂Z@*g�?Zy�VÅz�&»gÙ�V6,Ø~w�'�Cì? X26

(AS5) g°ä½Zð**à~Z�VÐ½ZÆ*gä»Zq-âew»gHXZk»x@{ÙZzgZj**'×�Ù? X27

(AS5) qgzfsZDw»x@{ÙZzggzÝ6,Z®g:�äzZá¬ï6,Zq-¿â^s? X28

ÞÏ�iÇ�mäÚn6Úfj¡e3ç7ÒoiÃ�]�

gzÝ

!ât

Mð6ð¬ï wZg~6ð¬ï

úy�zg

¥ÅF,¹ÆaÓ#Ö»j ´t24
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½ãÓx�*ÆY0+Zg½ZÆa7�zV6,Z®g�D�X!7�zVÆfg)½ZÅ»g~Æ¿Å¾§bÂ� X29

(AS6) �zÐ?
(AS7) Zk!*[Æ_·Æ�W\Ã́½Zð¬�ÂVÃZCîÐ?YV? X30

Å̂~¦ÅYCìX _____________ 7�zVÆfg)@*;Å�½Z X1

�X (site) Mð@*;Æ%�/ ___________ X2

Æ;L~æ��ï�X ____________ Zzg ___________ õgk~{%}0*ñYD�X� X3

¹Y@*ìX ____________ gKW-$~ÒgK~Z���äzZàZ¶úZ¸gzVÃ X4

F,�0*c*Y@*ìX ____________ nðgk~ X5

§&Å@*;�D�X ____________ W-$~0*ñYäzZá"5¿.ç EGHc* X6

qgzfs~Ã̈K�×ZìX
( ) fs~�Ø��×½ZÃ�gZÆqÝ�@*ìX X1

(leeches �7-) (iv (Cuscuta) ±h½3ðGN* (iii æzx (ii ZÆ (i

(i) (d (iii) , (iv) (c (iii) (b (i) , (ii) (a

( ) Mð@*;Æ¿ÅÑbgëgfs~�ØÐ¬ïÐOW,7�C X2

»g0eZðW�à (d � (c (humidity) %î�M (b gzÝÅu] (a

( ]J-@*gO~g3Y@*ìX@*�) 48 Mð@*;Æ¿Ð0�!*]�äÐ¬7�}Ã X3

êVÐ0*ãï%Æa (b ³gz�Ãï%Æa (a

tD¯äÆa�êV~¶K3ñ��:� (d tD¯äÆa�Mð@*;»¿zZµ:� (c

( ) t%{%}zZÑNgkì X4

°[ (d õgk (c nðgk (b 1$ (a

( ) q-ï~Y0+ZgÆ½ZqÝ�ä»§i X5

({a d �Z-$ (c �� (b �ÆÓxRÆfg) (a

( ) Mð@*;Æ�zgZy7�}¾{Ð»g0eZðW�àÃqÝ�D�X X6

Z¾)Ð (d êVÅgÍVÐ (c �� (b a%!*w (a

¥ÅF,¹ÆaÓ#Ö»j´t

{à»VÃ6,Ù

9�Z[»ZN[Ù
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q-ï~c*Mï~Y0+ZgZK�YÆaZEw��{½ZÆfg)Z§CZqwZ�x�ï�X½ZÆ
aøgZ�kc*]Ã¾§bqÝ�@*ìXZkmÐë!*[LL´tóó~I��`�½Z�ÅÓx§C
u¤/ñVÆaÂZ**ð�ÛZë�Cì�ÜsZkÆIUÆ�qÝ�CìZk¿Ã¿w¹Y@*ìXZk
§b¿w½ZÆîZEw~çzy�CìXZ#WxzZ�ÛlZg~ñ���Â¿w©wÆ_.
Z�x0*@*ìXY0+ZgÆ�~ñ��Óx7Í/õ EGxîg6,½ZqÝ�D��øg}�Ã4»xZ�x�¶~
çzy�CìXZkÆaúVÃo�&lZg~�Zó½ZZzgP6ðZâYÅ¢zg]�CìX

ª�÷he "To breath" ÐÃìXTÆp "respire" ÑHÂ "Respiration" ¿w
(Ð Chain Ðá�úV~WxÆZEwJ-Æå�zg) (Inhalation) Æ���ZÆ�xÉ

�[ìXW�ZkÅZ�ZYÆaëuVZzg¿wÆ�gxym»_·�,ÐX

uVÅ�gc*ÄZzg¿w: 2.1

z,�~Æ�LL¿wóó» 14 »ZEwZq-�~J-Yg~å1Zk¿Ã (Breathing) Â�÷¢8
**x�c*�HX�ZZuV»ù·ì

¿w
Respiration 

:ßZ| 1-^

¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

!*[
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Zk»D�äÐI�¿wÐ0�0ZâVä̈gHZkz�ÜJ-Z7Y0+ZgzVÆ�ÆZ0+g
zZµ�äzZáÓx§CZqwÐ0Z7½ã¥â]:�XÂ¿wÃ¬xîg6,�ZÆ*gäÆ
gZ5Zzg�Æfg)wZg]aZ�äÃ?Z�bÆîg6,ZEwHY@*åX

**ò�0ZâV (Joseph priestley) Zzg�is6,$k5Ðö GH (Lavoisier) ZVgz,�~{~~CZ|
ÅY+$ÐuVÆpZmóuVÆn�áZzg¿wÐ0Å�Yìî]Å¯Y6,ëZk!*]Ð
zZ��ñ��øg}�~uVÆn�á»¿¾§bzZµ�@*ìXW\ë)oV~zZ/
qÝ�`���is6,iä¾§bÆ�!*]Z�x�bX)W\!*[LL´tóó~ÌzZ/qÝ
�`�X(W�Zy¦gZ]»Z¬�{ÙZzgfsÆÎZÑ]Æ�Z!*]�ØX

�ZÆZb%ZñF,0ÌÐ0'×h+¥â]qÝ�äÆa�is6,$k5Ðö GHÆ Ht¹YYì� m

�!*]çzyU*"$�ñ?YV?
ßZ|äÌuVÆpZmÃKÆaZ�!*]Z�x�ØZkÆZ�Zð�!*]~',@~aä

{g`�äzZà (Bell jar) Æ`sÃ¤/x�ä6,púZ2Z:~ (Charcoal) Æ0*ã~ñ��egÃw
Å̂~¶XZy�âV»g0eZðW�G¡½hå EH�ZÆîg6,YãYC¶XZn (Fixed air) �¨�ð�Z

Ðmgnp�XèÃg{ (Combustion) �!*]púÜZk~Ã`gkÆZ�Zt (series) �ÆáZF,
!*Ñ�!*]Æfg)Zkätec*�¤/x�ä6,�{�Zð~ñ����Ã`gkÐ¬ïÅìz{0*ãÆ
ggZ]7Z̧käZLîÜ]¼Zk§bÒyK�LLÃ`gkÐ¬ï�äzZà�c*Â�Z�$Ëìc*
Ãð�zu~n»E�Zg(wì�ºmÚ�&~�Z~ñ���@*ìTÃë�÷Æfg)Z0+gfe�Xóó
t�.Þw�Z�ZÆZb%ZñF,0Ì»Zq-zì�W~Ìæ��îìX
ßZ|Æ_.Z�ZtÆ³~HqÝ�Z? m

�ZÐ0ZL�"Æfg)ßZ|äH¥xH? m

ßZ|Æ�!*]ÅãC�6,ëH³Z~.�Mh�? m

ëT�ZÃ�bÆfg={g`�D�z{�ZaäÆ0*ãÃ�z�·¯�îìZ#��J]
Æ¤/x�ä6,{g`�äzZà�Z»Zk6,ÃðZW,7�@*X

ZkäCkH�̈�ð�ZÌaäÆ0*ãÃ�z�·¯�îìXZkÆfg)Zkä¯gU¿wÆ0
Æîg6,ps�ðìc*Zk»n�!�ZìX (CO2) µzV~̈�ð�Z (O2) x³ïÑ�c*Â�.Þw�Z

:�is6,i 2-^
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�zâVßgÂV~�.Þw�Z_.[�ZÆ½ã)z~w~̈�ð�ZµzVÆfg=Ûzã�Z~{g`�ðX
CZ|Æ�!*]�zu}>ÆaÄgZ{¶X

¹? Fixed Air HW\Y���ßZ|ä¾�Ã m

ì? (Respirable air) ZkÆ_.Ã́��.Þw�Z m

ZL�!*]Æ³Æîg6,ßZ|äwÆ¿~Ãµ%ZiÃec*? m

Åè�ðÂ[ZK̈ã ( J o h n  d a p e r ) z,�~Æz�~�g6Y�ZVYyeZ6, 1 9

~¿wÐ0Zk§b�X (Human Physiology) P]
LLY0+ZgzVÅqÝ��{ZëWÆ�.Þâ�zV~0*ãZzgWx�Zë�D�XZy»Zq-�zu}
Ð¬ïÅzzÐ8îg6,i0+ÏÆÓx¿Z�x0*D�XZzg�Ð{g`�äzZá**»g{â�zV~0*ãó
»g0ÆW�àóÃ`gkó�óZzg�zu}Pâ�}ñ���D�óóX

z,�~Æz�~¿w~zhezZáZë%·]Zzg 19 Oçqgz!*ÑÓxÒ**]Æ7Ã
ÁÜÐ0¥â]qÝ�NX1¿wÆ%ZiÆ0zZãîg6,zZ/qÝ7�ðX1ßv
Y�¸��ÐaZ�äzZàwZg]Zzg¿wÆ�gxyÃðģ¢zgñ��ìX

t¬xx@{ì�øg}Z§Zsñ���Zøg~�÷Æfg=gh~�ð�ZÆ£«¤/x�CìXH m

ZkÆa¿wÃðzz�$Ëì?
ÂW�ZyÐ0zZ/qÝ�äÆa¿wÆZ%ZiÆ!*g}~¥â]qÝ�,ÐX

:(Steps in Respiration) ¿wÆ%Zi
¿w~Z%ZiÆ�gxyzZãuÈ~ñ��7ì¿wZ§C6ðZzg8Zqw»

Zq-.e$�ë{¿ìX1¬xîg6,ZÐKÆaW�ëfsÆÄZ**]Æ�Zk»_·�8X

WxÃ7Í/õ EGÆ
~(Processes)¿

ZEw�D�@*�»g0
eZðW�àZzg0*ãaZ�Zzg
ÂZ**ð»Zy%Z`�D�@*�
§C¿~Zk»ZEw�X

�÷¢8µzVÅR6,
uV»n�!

pyÆfg=
uVÅÃ

!*:VÅR6,uV
»n�!ï~w

�ZÅµzVÆ
Z0+gZzg!*CÙw�'

pyZzg�|zV
Æ(Alveoli)

�gxyuV»n�!

�|zVÆpyÅ
Äc*]Ð�Æ
úVÃWxÅÃ
Zzg»g0eZðW�à

ÅzZ3

WxÅpyÅ
Äc*]ÐúV
J-Zzg»g0eZð

W�àÅúVÐ
pyJ-Ã
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)�÷Z0+g¢8Ô�÷gh**(  :(Breathing) �÷¢8 2.2.1

�÷Æfg)gh~�ð�~Ã́µ4mø
Y

Gñ���C�¥x�äÆaëäë)oV
~�!*]Z�x�Ø¸X

ëäF,KM�b�WÑ]~�¬�aäÆ0*ã~�ZÃYÝ6,z{¹!~Æ�B�z�·g8-~
Ã§ôc*óg~Æ (normal air) ps��HXZÏ§b�zu~F,KMÆ�"~aäÆ0*ã~¬x�Z

fg)�Z4�ä6,t�z�·g8-~ps�äÆa¹ic*�{z�Ü�g»g�@*ìX)�!*CF,KMtU*"$�ä
~CñÐ§j6,F,KM 3 Æa�!*CÙ{g`��{�Z~»g0eZðW�àñ���Cì(WÑ]Ã^¹Í--.ç IEE

�ØXZzg�z!*g{Zk�"Ã�zCÙZ�@*�¥x�n��"Æ�zgZyH�ZåX
Zk�"ÐHªCÙ�@*ì? m

Ã́�aäÆ0*ãÃ�z�·¯Cì? m

~Ã́�ic*�{ (breathed out air) øg}Z§Zsñ���ZÐ».Þ�ä6,!*CÙ{g`��{�Z m

lZg~ñ���C�?
Zk|ÐëzZ���Z#ëËjÅR6,�÷ghD�ÂW!ggZ]Zk6,WYD�X m

øg~gh~�ð�Z~tW!ggZ]¹VÐWñ�? m

øg~gh~�ð�Zù!*CÙ{g`�CìZkÃ¥x�äÆa�[ÂxÆ�÷heÆ}4,x
Zzgøg}�~�ZÆ*gäÆgZ5»_·�**ecX

¬xûp~LL[ÂxóóÐ%Z�z{gZ3ìTÆfg=�ZµzV~�Z4�CìZzgz;VÐ
)�VuV»n�!pyÅ**CVZzgZy (Alveoli) J-BìXÃ�|} (Air sacs) y%�|�Zð2V

Æ�gxyzZµ�@*ì(¹Y@*ìXZzgt¿ZkÆ',@Ì�@*ìX

aä»0*ã
0*ã

:»g0eZðW�àÅñ��Ï 3^:
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:(Pathway of Air) �Z»gZ3 2.3

J-�ZÆgZ5»x@{�,ÐX (Alveolus) W�1VÐ�|{

�Z¬xîg6,1VÆfg)�~�Z4�Cì
ZzgYÑ�V~ñ��!*w�Z (Moist surface of the lining) �CìZÔ²Aªî XEÅZ,Å%î[R (filtered) �ZÅZ

Z#ZÔ (inhaled air) ~ñ��gLgL�ðwÆfgZ]ÃgzÈ�ZzgZkÆ´z{�÷Æfg)à��Z
²A§õ XEÐ*gCìÂZkÅwZg]�ÆwZg]Æ)z~�àYCìXZzgW!ggZ]ÃtqÝ�gì@*�¬

�nX (moist) ÐÌic*�{%î[
~Yg~gLìX','×âg (common passage) �Z»¤/xZzg%î[�**NZzg[ÂxÆ��gZ5

ì��ZZzg½ZÅw�'Ã́gZ2VÅ§s*gä6,�1 (Valve) Zq-6,�{úWC²£Ð.5åEy Epiglottis

~g�rìX
6,��@*ìXZ#�ZµzVÐZyßCezg6,Ð*gCìÂt (Vocal cord) tJ1ztøg}ßCezg

%²�D�ZkÅzzÐWzZiaZ�Cì�øg}!*]�A�äZzg�Çäz){Æaf)�Zg�CìX
�ZÃµzVÅ§sáYCìZ¤/W\3,y%{Ã;BÐé�,Â{Zq-k[ú�|#» (Wind pipe) �Zð**à

Z�k�ÑCìX
~��CìZzgCÙ̂�40î IEGZq-Zq-µ}~ (bronchi) c*�Zð**à�z^�4/õ IEG (Trachea) ZkÆ{~3,y%{

�Z4�@*ìX
¹Y@*ìX (Branchioles) CÙ̂�40î IEG'×h+gKgK�ápV~��@*ìÎ^�40î IEG3

¹Y@* (Alveolus) Wy%~tF.e$gLgL�Zð2VÆNV~��@*ìTÃ�|}

ìX�V�ñ~Äc*]uV»n�!�D��VWx�Z4�CìZzg»g0eZðW�à{g`�CìX
(ÃqÝ�@*ìX CO2 py�ÆCÙZq-3ÃWx½�@*ìZzgZyÐ»g0eZðW�à)

1VÐ�|zVJ-ÓxgZ3¤/xZzg%î[�@*ìX

¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

8-
?ç

E

E{

3,y%{

µ{

','×âg
&Ò�ð Ex

CO2 Zzg O2 Äc*]X~
»n�!¿~W@*ì

�|}

ZÔ²Aªî XE
á¬

:ZK̈ã[Âx 4-^

^�40î
I
EG

^�40î
I
EG
7Í/õ

E

G

ô:

ZÔ²Aªî XE:

&Ò�ð Ex:

8-
?ç

E

E{:

3,y%{:

^�40î
I
EG:

^�40î
I
EG3:

�|{:

py:
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Zzg�Z»gZ3: (epiglottis) ','×âg 2.3.1

ZÔ²Aªî XEÐ�Z&Ò�ð Ex~�Z4�Cì�V6,Zq-è!Wö
XìX&Ò�ð ExÆ�zgZ5�D��½ãZq-�ÎgZc

ÐÑzq�D�ZzgZy»Z!xe{e{�@*ì (opening)

Zq-ÎgZcµzVÃZzgZq-ÎgZcn}Å§sYCìXt
¹ZÌÅqïì��ZZq-ÎgZcÐZzg½Z�zu~ÎgZcÐ
�Z4�CìXtÌ¹�Nì�½ZZk**à~�Z47�C
TÐ��Z*g�µzV~�Z4�CìZk»*g4îg6,Zq-Zz6,nw�'�äzZáZq-ox

¹Y@*ìX�µzV~½Z�Z4�äÐ (Epiglottis) ÅzzÐZµ�@*ìX&','×âg (Valve)

»x@{ÙZzgZL#{)®)~I�Ù�ù','×âg�÷heZzg 5 (b), 5 (a) XCìX�~�£zk,
è3Æ�zgZy»xZ�x�êìX

b%z~îg6,Zkz�ÜÈ�Y@*ìZ#ë½Z3D�Xt½ZÃnn}Å§sñh@* (valve) tox
ìZzgZkÃ&Ò�ð Ex�Zð**àÐ�zgg�rìXT»gZ3µzVÅ§sY@*ìXZ#ë�÷fe�Â','×âg

',(Nervous regulation) ¹ahZ�ìTÅzzÐ�ZµzV~�Z4�CìXZ¡!Mzw
'×âgÆ4»x�äó½Zzg�ZÆgZ5ÅgÉð�ä~»°ZÌ»qïìX

Z¤/[**à%î[:�CÂH�@*? m

H�zâVµ}�#Ö~7V�D�? m

�|}.e$�gLZzg®Z�~"ÑgYV�D�? m

�÷¢8 5(a) ½ZÃ_ 5(b)^

','×âg½ZÃ8-?çEE{ÆgZ5Å
§sáYäÐgzÇì

µzV~ ','×âg
�ZÃñhCì

¥ÅF,¹ÆaÓ#Ö»j¿wXÂZ**ðÃWiZ��äzZÑÂx

ñ���D�� (small chambers) µzVÆZ0+gzãz~F�Å®Z�~gLgL�Zð²A§õ XE
(folded) uVÆn�!Æ�zgZypyZzg�ZÆaÒgK~Z���D�XµzVÅ�-Zg,¹�L�Zg

�C�TÅzzÐZyÅù¦R»°(,~�CìXZ¤/øg}µzVÆÓx�|zVÃZ¤/;�c*YñÂt½ã
�Zq-9Ãg^Æ)z~ìX 6,��D�X 160m2

HW\Y��? !

Î8/õ FGZzgn�!ìwÙ
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W�ZkÃKÆaZq-rZ�x�8�øg}½ZÆè3Æ�zgZyH�@*ìX
3Dz�Ü!*':�äÅ@Ze$YV�~YCì? m

ÒÃZK**uÆ4,�q-Zq-Zõ�zg~6,gqpX�÷ghäÃCkÙZkÃZkz�ÜJ-#Ö
�÷³XZ[ËÌñ} (Steadily) 4Î@*g 2c*1 U�Z#J-�W\r:å�BX

»Zq-�ZZh§bç�Zzgè3Ð¬�zu};BÃ3,y%{6,gÄ�ZkÆ�½ZÃ$ºÍ/õ EGX (Fruit)

W\äHCkH?½ZÃç3z�ÜW\Å�÷~Ãð�ÛtCk�Z? m

½ZÃè3Æ�zgZy�Zð**à~Zj:*ZgäÆaW\ÅÃyæ��g;ì? m

ZK̈âV~¿w»}4,x 2.3.2

(Mechanism of respiration in human being):

Zzg (Inhaling) ëY����÷¢8�x�gÉ
Æ¿6,��@*ìXZk~µ}Zë (exhaling) i9

���Zk¿~zfe�W\ZLµzVÅw�'
ÃCk�Mh�1Z7W\�N7MhXW\ZL;ðVÃ

6,gqpZzg!~ÐZ0+g�÷heÅÃÒÙX (Chest)B
W\ÃCk�,Ð�W\»BË�g(,Z�ZìXZzgZ¤/W\

�÷gh�ØÂW\»BZKZ-�#Ö~zZ:WY¨X
W\ÃZLµzVÅ̧]»Z�k�Z�ÇXµ}p�Ð

(Flexible) :Â�ZÃZLZ0+gáMh�Zzg:{g`�Mh�XZ%BÆWC7Í/õ EGZzg�zu}EZg
¹Y@*ìÒ~�ZZ0+gZzg!*CÙ�Z4�ä (Diaphragm) &eZ"3«ç JGEZx (Flattend muscles) W]

~�¶�ùeZ$«ç JEZxZC÷Z�x�êìX 6 ~æ��êìX̂
¿w~-VZzgeZ$«ç JEZx»Hgzw�@*ì?HtpZ&Zzg%��zâV~dw�@*ì? m

�Ac*V
�g~�-Zg
ÆW]

µZ

eZ
$«ç
JE

Zx)G(

eZ
$«ç
JE

ZxZzgÒ 6-^
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ÆZq-iZztÐ (Spine) B»Zz6,~z-VóW]Zzg¢Ðe.�@*ìX´Vgi+|ÅA~
a%~�C�)Z¤/W\Ë�ÅA~6,ZigÄ�ZiÃWÐUDYNÂgi+|ÅA~Å¬Y+$�ÅA~

�D�ÂBÅ�-ZgZz6,~Y+$ÄìTÅzz (Inhale) a%~�äÃW\Ck�8XZ#ë�xÉ
Æw~Z���@*ìX (Chest cavity) �g~

²A§õ XE

�g~²Aªî XEÃZ¤/LL#{óó¦g�1YñÂZk»L÷��ÛlóóeZ$«ç JEZx�ÇXZ#ë�Z»!*CÙZy%Z`�D�Â
~W@*ìA$Zm^Zq-÷ú�ÏXZzgZeö[úz�g~²Aªî XEÅY+$Z½Z (relax) eZ

$«ç
JE

Zxqª(jy
ÅzzÐi@*ìÂtðhZ�!*CÙÅY+$��Y@*ìc*÷úz (Inhalation) �Z�@*ìXZzgeZ$«ç JEZx�xÉ

¬Y+$w�'�@*ìXTÅzzÐ�g~²Aªî XEÆw~Z���@*ìX
Z#eZ$«ç JEZx@lìZzg�g~²Aªî XEÆw~Z���@*ìÂZmzzÐZ0+gzã�!*î~¶zZµ�Cì

(Inspiration / inhalation) TÅzzÐ!*CÙÅ�Z!~ÐµzV~�Z4�CìXZkÃ�xÉ
¹Y@*ìX

Zn�Zk»',@¿�@*ìXB¬Y+$Z0+gzã�w�'�@*ìXZzgeZ$«ç JEZ*ZKZ-qª(~M@*
ìZzg÷ú^Z(g�©8ìXZyp=VÅzzÐµzV6,�!*î~Z���@*ìZzgEZg!*©iC�Zzg

ìX ¹Y@* (Expiration/exhalation)
(£4-
÷

E
G
E

E�**uÆfg=!*CÙ�{�Zð~�ZÃ{g`�D�ZkÃi9

�!*îÆ�B¹ì (Shallow) ëZ#qª(jy~�÷fe�ÂZkz�Üøg~�÷W×ZzgÁ
tZkz�Ü�~Zzg!�CìZ#ëJKãzgil�D�X|~¿wÅÑbgëg~úc*V�Ût
�@*ìXYèøg}�ÅCÙw�'ÆaWxÅ¢zg]�CìXZzg»g0eZðW�à{g`ÅYCìX

¿w6,ZW,Z0+Zi�äzZá�zu}úZïH�Mh�? m

Zk!*]»Ø`���ârÐ[W]ÃYäzZáZ¡[ÃZ¤/»^�c*YñÂ[¿ÆÓxw»]¯gU
guYD�X

W\ZkÐH³Z~.�8? m

¥ÅF,¹ÆaÓ#Ö»j¿wXÂZ**ðÃWiZ��äzZÑÂx

:7-^
�xÉZzgi9
Æ�zgZy
-VÆ
¼}Åw�'

Å§b�D�ZzgZé�#Ö7V7�CX!*NY+$»Ò�#Ö~ðhZ (Spongy) øg}ÒZ@
Ðer�ñ�D�XÎ (membranes) �gN*�@*ìX�W\Æ�wÃ(�ÛZë�@*ì!µ}�z6,ÂV

¹Y@*ìXZy6,ÂVÆ�gxy0*ðYäzZà(Zq-(wÐ½~�Cì�µzVÃiÂ (pleura) YÑÌt
�äÐgzÂìZzgzZ

^©-
A
ö

EE
E

ZzgEZgÒÆW]ÃÌ~æ��êìX

HW\Y��? !
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[¿Æ�zgZyH�@*ì? m

Æ�zgZy�ÐÃ́�{g`�Cì? (Exhalation) i9 m

ÆZb%ZñF,0ÌH�D�? (Inhaled air) �xÉÅ�Z m

Z#�xÉ�ZZzgi9�Z»».ÞHYñÂHZyÆZb%ZñF,0Ì~Ãð�Ût0*c*Y@*ì? m

uV»n�!)�|}ÐpyÅÄc*]J-( 2.3.3
Gaseous Exchange (Alveoli to capillaries)

µzVÆZ0+g�|zVÐpyÅÄc*]ZzgZn',@J-uV»n�!&Óf8,k,~Æfg=¿~
W@*ìX�|zV~ñ��WxÆ$+ápy~ñ��»g0eZðW�à»n�!�@*ì"Ñg.e$�

µzV~ (Air sacs) gLq-ï~�Ü�Zð¼V
0*ðYC�XZzgtpyÅÄc*]Ðy~�C�Zzg
tÌq-ï~z�Ü�D�X�wÐ�}ucg8-»py
ZypyÅÄc*]~ÐZ#cìÂ�|zVÆfg=

 WxZ�ÅYCìXZÏZzY~»g0eZðW�àZypy
ÅÄc*]Ð�|zV~�Z4�CìXZ#ë�÷
ghD�Â»g0eZðW�à»Zy%Z`¿~W@*ìX
�}ucg8-»WxÐ½7gpy�wÃzZ:W@*ìZzg�

ÆÓx�VÃBHY@*ìX
ÆZb%Zñ (Exhaled air) Zzgi9�Z (Inhalaed air) ZkÅzzÐuV»n�!zZµ�@*ìX�xÉ�Z

F,0ÌZ�D�Xfs~�c*�H].zw�¶Zk].zw~½ã�g�&�g,�~��X
1 - ].zw

9�Z»� i �x¿�Z»� �
16

4.4

78

21

0.03

78

Wx
»g0eZðW�à

**>zX
�xÉZzgi9�ZÆ�gxyWxÅlZg~YV�Ût�@*ì? m

Hzzì��x¿�Z~»g0eZðW�à�Æ�~Z���Zì? m

¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

µzVZzgpyÅÄc*]Æ�gxy 8-^
Óf8,k,~Æfg=uV»n�!

3̂�40î IEG
�|{

pyÅÄc*]
pyÆ7Í/õ EGWx

»g0eZð
W�à
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)®)Æ$LLY0+ZgzV~wóó~G�rµzVÅ&¢AÃc*�<X VII

(Transportation of Gases) uVÅÃ 2.3.4

ëY����÷Æfg=øg}�~�Z4�äzZà�ZuV»ù·�CìX�øg}ÒZzg
py~��Î (relative amount) �|zV~½YCìX�Z~ZuVÅpÐ�&lZg

�gZÝpyÆfg=�~Ã (Combining capacity) Zzg�zu}â�zVÐ0¬ï�äÅ&¢A
»ç�CìX

(ÆZ0+g�CìÂ½ã7g~WxpyÆfg= 21% �Z~¬xîg6,WxÅ¬xlZg)½ã
ÑðYCìXå�ÎZq-6,z�)!*Ç³gz�Æ�?Å§b�@*ì (binding) å�ÎÐÈ¯�

0*c*Y@*ìª�³gz�~
!5½54o-

ê

G

Y
E
G
I
Gñ���@*ì (Fe) �zâV~Zë�ÛtÜstì�Zk~$45»4gê GE

Y

G
IÅ(ß;

Zzgpy~å�Î�pyÆucúV~0*c*Y@*ìX��W
±o-
B-
ö
GE
EpyÓf5+k,�Y@*ìÂt!~Æ�B

å�ÎÐï�WËå�Î¯CìXå�Î:ÜsWxÐ¬ï�CìÉZkÆ',@Ì¿�@*
ìªå�ÎZzgWxÆ�Ó]e{Ì�Mh�X»g0eZðW�à¬xîg6,!*ð»g1,MÅ̂
~vÅYCì²ðh~lZgå�ÎÐQìZzgâ!*¹pyÆöi)~_.[�YCìXZkÐ
04îg6,zZ/qÝ�äÆafsÅ)zZ]»_·ÙX

Hb + 4O2  Hb (O2)4 )Ò~(
Hb(O2)4  Hb + 4O2 )!*:V~(

R«gÆ�Ûd$å�ÎÃWxÐ¬ï»ñµ�c*YñÂ½ãCÙ
³¢a�~6, 13 �?WxÐï�WËå�Î¯@*ìXR«gÐ

)½ãWJé(Wx»Zg�i¹�ÁlZg~ñ���@*ìR«gÐ
».Þ�,ÂWx»Üs0*vZVz�z;V�ø7[�@*ìX

:Ã{e 9-^

¥ÅF,¹ÆaÓ#Ö»j¿wXÂZ**ðÃWiZ��äzZÑÂx

�÷©8c*gh@* 500ml �CìXÃðÌ¿¬xîg6,qª(jy~ 5800ml ZK̈ãÒÅù¦Rö½ã
�Z`�ð�CìX 1200ml ìåi9Æ�ÌµzV~

HW\Y��? !

HW\Y��? !
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:(Gaseous Exchange) uV»n�!)pyÅÄc*]ÐúVJ-ZzgQzZ3( 2.3.5

!*:VÆ®p̈yÅÄc*]~å�Îåîg6,ZâjwÐWÙ�@*ìX!*:V~ñ��7Í/õ EGÚ
îg6,WxZEw�DgT�XTÅzzÐWx»Zg�iZy~¹�Á�@*ìXZzg�VWx»Zg�i
ÒÐ».Þ�ä6,tZq-äð�@*ìXaèWx»Zg�i¹�Á�@*ìÅ<å XEZWËå�ÎWxÃWiZ��C
ìZ#túV~�Z4�CìÔøg}�ÆúV~zZµ�äzZá¬5]ÅzzÐ»g0eZðW�àZzg
0*ã»g�@*ìZzgÂZ**ð»Zy%Z¿̀~W@*ìX��~Z£�ÆaZEwÅYCìX

ï~w: 2.4

Z�b:ï~wÐ%Z�z{gZ3ìT~úV~ñ���Ãi�>VÆ6ðÈÆIUÅzzÐ
ÂZ**ðWiZ��CìXtÂZ**ðY0+ZgÅi0+ÏÆ¢zg~Zqw~ZEw�CìZkai0+{úVÆaï~

ZzgWxÅ)ñ��Ï~ª)�Z!*l  w¹¢zg~ìt¿WxÅñ��Ï~ªLL�Z!*lwóó
wzZµ�@*ìX³Z**]~)�Z!*lwÆ�zgZy�ÃiÐ1<F,ÚÅ»g~¿~WCìX)

Æ�ã»g�D�X)âZCúV�"5¿.ç EGHc*~ï~w3ât~zZµ�@* ATP �Z!*lw~P
Å ATP ìX»ïâZCúV~ÂZ6Zzg3âtï~wÆ¬5]Æ£x�ÂZ#/õ EG~»g�{ÂZ**ðÃ

¹Y@*ìX (Power house of the cell) ^~fí{HY@*ìXZkaÂZ6Ã3»ÂZ**ðyÌ
tÂZ**ðÆWiZ��ä6,¾§bZW,Z0+Zi�@*ì?�Ó]Å6ðS:]~p~Zq-%³Ð
�zu}%³Æ�zgZy¹¾�CìXZzgËÌ%³6,ÂZ**ð¾lZg~WiZ��CìX�Ãi»�?åîg
6,IU6,Zk~ñ��ÂZ**ðåîg6,WiZ��äÆaZ�zZg6ð¬5]zZµ�D�X

¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

ZyqÑ]~�ø7[ÜsÛWxå�Î�Ó]Ð¬ï�CìXt¹�Zëì�å�ÎÆWxÆ
Á�Ó]Ð¬ï�ä6,o�&lZg~py!*:VJ-7ÑMhX|~Zâ�~6,WxÅZ�°

�ø7!Æ%ZK̈ãi0+Ï**eìX].h+�Zð�izV~Z+�1]½Å��T~ (Supplementry)

ñ���D��V�ZÅzZ�ÛlZg~�ø7!eìXZ#ë«gÅ�Zð~YD�Âz;V Pressurized cabins

6,�zu}nÆ)b»�o�**7,@*ìX
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�ÃiÆIUÅzzÐWiZ��{ÂZ**ðZq-ºm%�'~fí{�àYC
¹Y@*ìXtZq-¾6ð (Adenosine triphosphate)ATP ìXTÃ

(Energy currency) �@*ìXúVÅÂZ**ðÅ�́ (Parcel) ÂZ**ð»&
ì��ÂZ**ðÐ½7g%�'�@*ìX�3ÆZ0+gËÌ£x6,¢zg] ATP

úg~ 7200 Æ�?Ð ATP 7,ä6,tÂZ**ðÃáYäÆ�.Þ�@*ìXCÙ
Å̂~fí{Å (Phosphate bond) ÂZ**ðqÝ�CìXtÂZ**ðÃ�È

YCìXZ¤/ÈÃÂh�c*YñÂfí{�{ÂZ**ðWiZ��CìX
H�|zVZzgÒÆúVÃÌï~wZ�x�¶ÆaWx�g»g�CìXYV?YV7? m

i0+{úV~�ÃiÆ�?c*�v½Zðâ�zVÆIU»¿ÜsZq-�¬ï~å7�@*Ét�
zZgFgL%Zi6,��@*ìX

�ÃiÐÑzq�@*ìTÃfs~¿îg6,�c*�Hì)tÜsZq-Vw (pathway) Z"gUï~R6,
ìc*�gì�½ZÆ�zu}Zb%ZY~ÌZ(�¿zZµ�@*ì(

7�zVóYâgzVZzgy%��-V~Â**ZðWiZ��äÆa¬xîg6,ZEwÅYäzZà]
�CìXZyY0+ZgzV~�ÃiÅ��z%Zi~zZµ�CìX¬ (Glucose) �gZÝ�Ãi (sugar)

%³~tczuF,�Æ�z�>V~ps�@*ìX
Zzg (CO2) Zzg�zu}%³~Z¤/Wx�ø7[�ÂczuF,�Å�ÅzzÐ»g0eZðW�à

0*ãÆ´z{(,~lZg~ÂZ**ðWiZ��CìXZ¤/WxÅ**»°lZg�c*WxZEw:H�H�Âczu
F,�Z#-£45é GGGEw~ps�@*ìXZk¿ÃÂ¹Y@*ìXP"5¿.ç EGHc*~1<F,�Zzg¾lZg~ÂZ**ð
)½ãCÙ�ÎZVzÂZ**ð(WiZ��CìX

HWxÆ%ÌÂZ**ðWiZ��Cì? 2.4.1

JKãzgilÆ�ëW]~�g�Ck�D�XHo�&lZg~W]ÃWxBì m

¥ÅF,¹ÆaÓ#Ö»j¿wXÂZ**ðÃWiZ��äzZÑÂx

ÛzãG
ãG Z0+gz
�<
�(̈

)â&43ð JGH»&+gc*(  :ÂZ6 10-^

1<F,�+Â**ð
"5¿.ç
EGHc* 1Í&4hÒø EG Vw:

Z

#-�5é GGEw+»g0eZðW�à+ÂZ**ð
Vw:ZÆ

»g0eZðW�à+0*ã+ÂZ**ð
Vw:7�}ZzgYâg

(Pyruvate) 0*Jzzf$ f �Ãi
)&»g0zZÑ%�'(+ÂZ**ð

(Glycolysis) ]0*æÏ

WxÅ°xñ��Ïc*
WxÅÁlZg
))�Z!*lwZzgÂ(

WxÅñ��ÏÐ�Z!*lw
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W]~Ã̈K6ðâ�{»g�@*ìX m

Z#W\äÎ¦/Å!gëg�zh~z1�ÂW\äW]Ã�.ÞÒpuJ-WC»x~
'wg3Xp£Ñ̈zq�äÐ¬�W\j�P�VJ-;]Wc*izgÐ�÷¢8�»x
7�DX|~W\¹�Á�÷Æ�B�zhÆ£«Ãå�Mh�!gëg~Æ�B
�zhäzZáîh~Î¦/¢azZà�zh~ZÒ�÷7feXZ#W\�zh~ZL£xJ-í�Â
W\ZLW\ÃZCk�8XW\ÅqÝÅ�R,�ZzgW\äH!�zhZì£¨Æ�

:�YñX (Normal) W\Zkz�ÜJ-;]Wg345Áõ X
G

EY

XZ#J-�W\Å�÷W×W×**gï
Ð0¼�ZñgÃZk|Ð�hMh�Xz{t�Yì�Z#W\ÆW]~ ATP Z[ë
~ps�äÅzzÐMiZ��ðÂZ**ð�zhäÆa¢zg~ÂZ**ð�qÝ�ðX1 ADPóATP ñ��

Æfí}Û ATP øgZpÎZg��{ìw**»°ìXYèJKãzgilÆZz�]~W]~ñ��
]ÆZ0+gZEw�YD�XÅ<å XEZZkÆa�zu}§jÐz�s#¢zg~ìT~ëÂZ**ðÃ¬
Wi��ÆWxÃ�~ZEw�äÆ§jZCNX

ZkX»_·�äÆaZq-§itì�zgilÐ¬ZzgZkÆ�îh~ÆpyÅYõÅYñX
»`äc* (Stationary) ~zhezZáîh~ÃWÑ]Æ0*k�¦J9ZgOz{} Case study Zk

)tZâ�ëY+$w�'�CìA�îh~!~Æ�BWÐ�zh@*ì(6,�zhÎñXZk�/Ð tread mill

qÝ�äzZáP}òÃ¤/Zs~ec*�H
ìXâ�VJ-Jzgil�äÆ�¤/Zs

Åæ�Ðec*�Hì( (Bar) ó"g6,!*g X~L
a�Zzg (Sample) ÚpyÆ%ä

Zq-{m%�'1< Zï�tH�HX
F,�ÆZg�i~¹ic*�{úc*Vp~ÃWC
ìX6�W\¤/Zs~�NMh�X

îh-VÆW]~1<F,�
Æ¦�äÐ0¤/Zs»x@{ÙZzg

fsÆÎZÑ]Æ�Z!*]�ØX
¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

:îh~ 11-^
)Jzgil(

py~1<F,�»Zg�i6,J��äÆZW,Z]ÃªCÙ�äzZÑ¤/Zs

z�Ü4~

p
y
~1

<
F,
�»Z

g�
iB¤/Z

x
&
k

y

X
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)W]~1<F,�ÅlZg~p~Ã¤/Zs~ec*�Hì(
z�Ü�V~ = "g -x

py~1<F,�» = "g -y

mg/cm3
Zg�i

�/ÅZ�ZY~1<F,�»Zg�iHå? (a

�/Æ¾%³~1<F,�»Zg�i�&Ðic*�{RJ-V�Hå? (b

Æ¶K**]Æ�gxy1<F,�»Zg�iZq-�§bÐñ���Â1<F,�¬xRJ- d Zzg c (c

Å�ÃWÐ(,J�Z#J-�tZ�Zð�gJ-: d Zzg c îÆaHz�Ü�g»g�Ç?)Z�ág{:
VYñ(
1<F,�»uÐic*�{Zg�i¿wÅ¾qª(Å§sZ�ág{�@*ì? (d

1<F,�»W]~¦�äÅzzÐZy~�g��@*ìXZ¤/ë7Vîg6,º�Vó!~Ðº
�VW×Ð�zhÎD�Vc*!~Æ�B�zhÎä6,�zg~)z~�äÆ!*z���g�~Z���DgL
ìXYèW]~1<F,�¦�Y@*ìX

dwW]~!~Æ�BaZ�äzZÑ1<F,�zgilÆ�W×W×pyÐòY@*ìXt
(,}ÀÅ!*]ì�îh~Ã¬xqª(~WäÆaic*�{z�Ü�g»g�@*ìXZkñµ6,ëZq-��{
z�s#Zk§b�Mh��»x�äzZáW]~ñ���Ãi1<F,�~ps�Y@*ìX1<
F,�~ñ��ÂZ**ð�ÃiÆ�Ó]~ñ��ÂZ**ðÐÁ�CìXZzgZ¤/1<F,�]Ð»g�@*ìÂZk

ÃQÐ»g�ä~çzy�CìX ATP ZzgÃ�Ð ADP �zgZyWiZ��äzZàÂZ**ð
Î¢aÆ�zhÆ£«~Zq-4F,�Mc*Cîh~ZK�÷Ãgzu��zhÆ£¨Æ�z{;¡CìX

Zk¿~W])�Z!*lwÆfg=�ÃiÃÂh�ÂZ**ðÃWiZ��D�XZkÆ��îh~ÆW]
~fí{�{1<F,�ï%Æa¢zg~WxqÝÅYCìXÅ<å XEZëJzgil�Dz�Ü�~

zZµ�CìXt¶�~zZµ�äzZá[¿Æfg=7gZÅYCìX (oxygen, debt) WxÅ¶LL
Z,îh~�D�zhÎD�XÚ�÷feg�ÅzzÐZyÆ�zhäÆ�zgZy�1<F,�å3Å
zzÐic*�{z�ÜJ-�%�zhDgT�X

W]~1<F,�Æ¦�äÅzzÐW]~~WCìZ¤/�Ão�&WgZxïYñÂ
W]ÅÝz^�zg�YCìX

¥ÅF,¹ÆaÓ#Ö»j¿wXÂZ**ðÃWiZ��äzZÑÂx 39
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)�Z!*lw 2.5

ëzZ��`��Y0+Zg��¿wÆ�zgZy»g0eZðW�à»g�D�XZzgÂZ**ðWiZ��D
¿�ÅzzÐ�gì�ÂZ¤/ëWxÅu',Z�gzu�,ÂH�Ç?Z¤/ (Processes) �XZ¤/tZqw

ZK̈ãW]WxÅu',Z�~¶WäÆ!*z��ÌÂZ**ðÃWiZ��,Â�zu}Y0+Zg7Í/õ EGH�D�?
W�ZkmÐzZ/qÝ�äÆaP�!*]Z�x�,ÐX

:(Some Experiments with yeast) PÆ�B�!*]
¬ëtY+ÅÃÒ�,Ð�Hteì�Z#Y0+Zg�-VÃWxÅ�ø7!Ð�zgOÂ�
~Z��Zzg»g0eZðW�àÅazZgÃ¥x�Mh�XW�ëZq-�/�,ÐX
�ÃiÆ²w~ZÆ¹!~Ð%0*@*ìX1

¬xîg6,ñîV�ZùgóÂL (wild yeast) ZÆ
Æ)V6,QM��VÐ�z{ZK½ZqÝ�D
�Xøg}aZzAXtì�ë�ÃiÆ²w

~F,KM (12) ZzgZÆ~ÐWxÃUNX̂
�£X

X�ÃiÆ²wÃZq-4J-¤/x�Æ%R 1

�ØQZ�äÐ²w~ñ��Wxò
YCìXZ[ZkWö{~PZÆ5�Zk6,Zq-T¢aZz�ðJ-cZ®²wÃeZaXZk§b�ä
Ð!*CÙ~Y+$Ð�Ãi²w~WxÅu',Z�ÃgzuMh�X
cZ@²weZ%Ð¬�Ãi²w~Wxñ��ìc*7¥x�äÆáP¢}ec*i+¤/+ X2

²weZw�x@{ÙXtYg8-»²w (janus Green B) c*Y÷¤/+! (Diazine green)

WxÅlZgÁ�ä6,�!g8-~ps�ÇX
Wash Æ_.Z[WÑ]Ã¼Zk§bF,KM�Ø�ZÆÆúVÐ�Ì�aZ�z{ 12- X�~�̂ 3

c*(indicator solution) Ð�D�ñ*g}T~�!*ð»g1,M»²w)bCÙ²w( bottle

aä»0*ãñ��ìX
¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

êâ¢a

âùcZ®
�l�Ø�ZzgQZG
�ñ�Ãi~P

aä»0*ã

ÅYõ CO2 :)�Z!*l�/~wZg]Zzg 12-^

�/Ç�r
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Åz�s#7Å�ìX (Control Experiments) �VËnÆ�1~gÇYäzZá�!*]
6,(Small scale) W\�ZknÆ�!*]Â�äÅÃÒÙXZJã"Åæ�ÐW\gLe:

LL»g0eZðW�àÅ»g~óó��Zk�/»Zq-zìXZjZ�x�¶ÅÃÒÙXZ¤/W\t�0*ñ�
6,¤/xÙX Â�/~u®)aZ�äÆaZkÃ

gzK¯äÆaÍ0+ñ�ñWL~P5@*ìÂH�Ç? (Bakar) Z#Ù~zZÑ m

(Fermentation)Â 2.6
)®)ÛÆ!*[LLy%��-VÅ¹ãóó~W\ÆG�Í0+ñ�ñy{~P»0*zegc*`s

5äÐ0�/Ãc*�ÙXZk�/~y{Æw~YVZ���Z?Zk¬ï~Ã́�{g`�ð?
Z¤/]ZzgP»²w%R�Ø�ZkÃP�yJ-Wx½:�ä6,Zk~Zq-{mnÅ1aZ�ÏX
�Z
#-�5é GGEwÆaZ�äÅzzÐ�@*ìTÃ]Åñ��Ï~ZÆ»g�D�X

W\Æky~ÌZÏnÅ1W\äôpK�ZeàZzg�z�z){~âFH�ÇX1geµñ~
Æ¿ (Fractional Distillation) g¿�ðZâY~Z(7�@*X�ÃióZzgZÆÆWö{Ð�~>

6,�l3äÅzzÐte Æfg=Z#-£45é GGGEwÃZµHYYìX]Æ²wÆ®Z̈#-£45é GGGEwÁ�
Ð0¥â]qÝÙX (Fractional Distillation) ìW\ÆyÅæ�Ð�~>

�ZðwÅ§bZk§i~ÌWxZ¤/�ø7[:�ÂÂZ**ðWiZ��CìX
ìHW\Zk!*]ÐZ·t�D�?W\Æ (pathway) ¿wÂZ**ðÃWiZ��ä»gZ3 m

�Z[Æa�Zi7Ù?
(Respiration versus Combustion) ¿w®.ÞZ�Zt 2.7

z,�~Æ½ãZzZy%~CZ|Æfg=(,~�ZôoÆ�BZ�x�Ø��zZg�!*]Æ 18

Y~CZ|Å 1783 Å§b�ìX (Combustion) ªCÙH�¿w¿Z�Zt (Opinion) fg=tìw
 ~�å�LL¿wZq-Z�Z¹¿ìÔt¹N¿ì�VWx (compilation) D+z+Å�Â[

�0ZVäÌ¹�LL¿w (Robinson) :Üs»g0ÐÉ;àgzXÐÌ¬ï�CìóógZ0Í
Zq-n»Z�Zt¿ìZzgYâgzV~wZg]»fg=Z�Zt�@*ìX

ÆZ�ZtÆ�zgZy�äzZàp=V»x@{�** (Glucose) �Ãi
~�~�F,KM~gqpZzgZkÃ>Æfg=¤/xÙXHZJã"~ñ���Ãià 13- WÑ]Ã̂

ì?Z¤/W\ZjZzgðh~�k,¤/x�D�ÂHzZµ�Ç? (melt)
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Z#�Ãi°ðYCìÂ»g0eZðW�àZzg0*ã»g�@*ìXZzg
ÂZ**ðwZg]Å̂~WiZ��CìX

ëZk!*]ÐzZ����ÃiÆZ�ZtÐ»g0eZðW�àó0*ã
ZzgÂZ**ðWiZ��CìXZzg¿wÅ)zZ]~Ì¸ZâYWiZ��C�X1
Ñiòîg6,t¿qgzfsz�;]Å¯Y6,Z�**ecX

�{Ç{~�ÃiÃic*�{�6,°c*Y@*ìXZ¤/¿̧øg}�ÆúV X1

~zZµ�ÂÓx7Í/õ EGVYîX
�{Ç{~Zq-%û�Ãi»SÑzq�YñÂZk¿Ãgz)W�y7 X2

(Control) ìX1Y0+Zg7Í/õ EGWxÅñ��Ï~�ÃiÃ¹��1~gÄ�
°äÆ�.Þ�D�X

0*ã¬xîg6,¿Z�ZtÃgzÂìX1úV~¹ic*�{0*ã�äÆ X3

!*z��¿wzZµ�DgLìX
i0+{úV~wZg]»Zy%Z` 2.7.1

ëäÔ�/~x@{H�]c*�ÃiÃ°ä6,wZg]WiZ��CìXi0+{7�}ZzgYâg¬xîg6,
ÂZ**ðÃwZg]Å̂~{g`�D�X

Ü6,�¤/òCk�CìZzgëY���Î¶øg}�Ð{g` (Sweater) ñÌuâ~Î¶
ÐåX@*ìXHëtB��øgZ�Z§ZszZ)sÆâjw (Loss) �äzZàwZg~ÂZ**ðÆvy

~wZg]{g`�@*ì?
z{Ãµ�v§j�TÆfg=øgZ�wZg]{g`�@*ì? m

øg}�ÅRÐÚwZg]{g`�CgSìXÅ<å XEZøgZ�Zy%Z`��{wZg]Å0*OðÆaÚ
wZg]aZ�DgLì@*��ÅwZg]ÃxgÄnX

HwZg]ÆaZ�äÅÑbgëgå7V�Cì? m

ÆZz�]~�~ic*�{lZg~wZg]aZ�CìXë (Vigorous activities) JKã�
Y���Áz�Ü~!~ÐÅYäzZàzgil��zhÎäÆ�ëøg}�Ã¤/xCk�D�X

~fí{�1Y@*ìXÂZ**ð»¼Zzgz ATP ï~wÆ�zgZyÂZ**ðWiZ��CìXÂZ**ð»¼z
gzi%{Åi0+ÏÅu¤/ñV~ZEw�@*ìXZzgiZZ+ÂZ**ðwZg]Å̂~{g`�CìX1J���zhä
Æa(,~lZg~ÂZ**ðÅ¢zg]�CìX

¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

Zg] w

ZJã"

ïÏ"

aä»0*ã

�Ãi

:»g0eZðW�à»�g 13-^
f~õÝÆÂZ**ð»Zy%Z`
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ZkÆawÆ¿ÅÑbgëg~Z���@*ìXÅ<å XEZwZg]Ìic*�{lZg~{g`�CìXZkaë
¤/òCk�D�XZ¤/J�Æ�zgZyWxo�&lZg~�ø7[:�ÂW]~)�Z!*lwÑzq
�Y@*ìZk§bW]~1<F,�»g�Y@*ìXëY���1<F,�Æ¦�äÐW]~
�g��@*ìX¼WgZx�heÆ�ëZKZ-qª(~WD�X�~�÷øg}�~ÂZ**ðbw�ä~æ�

5±�Ûâ�X 6,Z**c*â (Yogas Asanas) �CìXe-ÇW�k

uVÆn�!Âx~Zg»Y 2.8

:(Evolution in Gasses exchanging system) 

ìX1tÓxY0+ZgzV~ (life processes) uV»n�!ÓxY0+Zg�-V~Zq-¬x§C§i
Íw�z��4/õGJ (Planarians) 7V7�@*Xq-ï~���Z�c*Mï~���;àgZZzgö.c*

Zzg=}¿Óf5+k,~Æfg=WxqÝ�D�Zzg»g0eZðW�à{g`�D�X�zu}Mï~
YâgzV~T (Aquatic) c*W! (Terrestrial) YâgzV~ºmZ¡IYZk¿~zfe�Xi�F

#~z{i0+Ï*ZgD�ZkÆ_.ZnÆ[¿Æa_�aZ�fe�XZzgZy~Z
(Circulatory system) [Z¡IY0*ñYD�XKã�#Öó0*ãÅ�ø7!ZzgZyÆ�zgZãÂx

z){PZñg�TÅzzÐYâgzVÆ[Z¡IYZîg6,%0*D�X
[Âx�NMh�X (Tracheal) z){��Z]~ë¢}4-ö

G

GE (Grasshopper) ÇZzgQ+}

¹Y@*ìX�ÆZ0+g¢{3ï GGE« (Trachea)
¢}4-

ö

G

GE[Âx�zZgSV6,��@*ìXÎ¢{3ï GGE
¹Y@*ì��ZÃgZ�&îg6,!*:V~ñ�� (Tracheoles) �ápV~��YD�XÎ¢}4-Aõ

G

G
EF

úVJ-ÑD�X
�`�Î¯Í-¡ç FH}c* (Developed) PW!Yâg8o/õ EGMV[¿ÆaPºmZ¡IYaZ

¹Y@*ìX¯Í-¡ç FHzVÃÄc*]Æfg=py�ÛZëHY@*ìXXÅ�-Zg,¡�C� (Branchiae)/x
¹Y@*ìXTZC (Branchial respration) �VuV»n�!¿~W@*ìXZknÆ¿Ã/òw

²Aªî XEÅ�Ûl 6 ìîgBbìXZzg�6²Aªî XEÆ�ÛlÃ²Aªî XE~é1Y@*ìXZkÆ���ÃÈ��îìXZzg�
(Internal ~e�Y@*ìZzgZ0+gzã/ògziâV (Pharynx) ÃZz6,ÅY+$ZVCìX0*ã&Ò�ð Ex

(gill Æfg=/ò2V~¸]Ð�Z4��c*Y@*ìX/òzg¢/õ GG Branchial Apertures)

0*ã~.ñYD�XZzguV»n�!¿~W@*ìX lamellae)
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¢Æfg=wÃ¢~w¹Y@*ìX�u�Zq-Vfìz{¢~Zzg�[¿Æfg=�÷
6,0+}Zzg¬î#/õ EGÒÆfg=�÷fe (Reptiles) ��Zx (Terrestrial Animals) ©8ìX',~YâgzV

z){¾§b�÷fe�X (Dolphins) ZzgeZ: (Crocodiles) �XW\ZLyÐ79�/õ FG�1ó

:(Respiration in Plants) 7�zV~¿w: 2.9

W\Zk!*]ÐzZ���êV~ñ����Æfg=7�zV~uV»
n�!�@*ìX��Æ�B�B7�zV~�zu}{Ìñ���D�TÆ

z){)^~ Lenticels fg=uV»n�!�@*ìX�a%zVÅZz6,~RZzgàV6,
Ã�3c*�Hì(P7�zV~ºm�854è

EG

Gñ���C�X� lenticels ��Zzg
Å!*©�Wx (Orchids) $45¾

æ G
EY

zÆ7�zV~�÷a%,ZÏ§b�º^~
»g�C�ÂZ**ðÃWiZ��äÆ�»g0eZðW�àÃ{g`�äÆa7�zVÃ Ã

¢zg~�1}:}7�}Ã»g0eZðW�à�g»g�CìX¥xÙX
(Transportation of gases in plant) ~uVÅÃ 7�} 2.9.1

7�zVÆZ0+gêV~��Æ²£Ð.5åEyÅzzÐúVÆ�gxy�zZg{añ���D�X�Óx
7�}~Zq-ÚYw¯D�XêV~t{a¹(,}�D�
²7�}Æ�zu}�V~t¹�gL�D�XZy�Zð
{CVÅ�-ZgzV6,0*ãÅ6,]ñ���CìXT~Wx_.[�{
qª(~ñ���CìXZzgt)x�Zgï~�-ZgÆfg=3ât~�Z4
�CìX�V6,�Ãi»g0eZðM�àZzg0*ã~ps�CìXZzg
ÂZ**ðWiZ��CìX»g0eZðW�à�Zð{CVÐZÏ§i6,!*CÙ
{g`��~YCìX

tÓxÂx¿Óf8,k,~Æfg=Z�x0*@*ì��3~WxZEw�àYCìXúVZzg**CV
Æ!*CÙÅ Lenticels áCìXZÏ§b{CV~�ZZzg��Zzg (Gradient) Æ�ZÆ�gxyZq-D+g��Ût

áCìTÅzzÐÐWxZ0+g�Z4�CìXZÏ§j~Z# (Grandient) D+g��Ût  �Z~Ì
',@zZµ�@*ìX Grandient t�Ût

¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

0*ãÅ6,]

�Zð{a
��

:Ø�g[� 14-^

Åñ��Ï Lenticels :ã6, 15-^
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ÂúVÆfg=ic*�{lZg~»g0eZðW�à{g`�CìXZzgt
Z§ZsÆâjw~�áï�YCìX

:(Aeration of roots) a%zVÆfg)�÷¢8 2.9.2

c*lenticels F7�}ZKa%zVÆfg=�Z»n�!�D�Xt
a%!*ßVÅRÆfg=WxqÝ�D�)6�Zé�-Zgz,¹�«

ÐWxqÝ�D�X1 (Air spaces) �C�(ti}ÆfgZ]Æ�gxy0*ðYäzZà�Zð**CV
Z,7�}ja%,¹�3(�@*Ñ[c*�à´̧V~ñ���VÂz{WxqÝ7�MhXt7�}

BC (Aerial roots) Zk0*ãÐ3qÑ]Ð_�aZ�fe�XZy~àVÐha%,��Zða%,
ìX~�Zð{a¹(,}�D�i}ÅRÐZz6,!*CÙä3�XZya%zVÅZz6,~�VÐt»°4

Zy7�zV~ÅAàVÅñ��ÏZq-¬x_�ìX X Z0+Zi~¿Óf5+k,~Æfg=�ZqÝ�D�
W\ËÌz�ÜË@*Ñ[c*�à´º~YNÂZy7�zVÆPã»�̂�¶�Zy~ÄÅAã
ñ���ZzgZy»».ÞZy7�zVÐÙ�¬xi}~%0*D�XZÏnÆ´̧V~%0*äzZá�g½V
~�ZðÃZq-¹(,ZÂX�@*ìZzg¹Ð�g|#xa%zVÆ�B0*ã~i0+{7g{MhX
ÜsZ2Zð$45¾æ GE

Y

zÆ�g|#�ZkÐI���Zða%,i}ÅZz6,~R6,�ZzgZya%zVÆfg=
WxqÝ�D�X

W�7�zV~¿wÐzZ/qÝ�äÆa�fsÆ�!*]Z�x�becX

¯½ñ8-c*!*%̀{ÆÕ@³X�/Z�x�¶ÐZq-�y¬Zy�VÃ0*ã~=�XZq-À}Å$~
Zy³z�ñ�VÃgÄ�Zq-�JÐÐ¢ïÐ!*0+|�ØXW\Æ#{)®)ÆZq-Ãä~Zk$ÃgÄ
�+C4/õ GEGGX�zu}�yÃy��ñ&Q��ñ�VÃ$ÐZ�ÙZzgZkÃZq-hÅ1LÞ&ö8Å1LÞÅRö

�(~gÚXZq-gLkg{~&aåðaä»0*ã½�X 200ml ½ã)
ZkÃkg{ÆZ0+gZôoÐ\d�XZ[jÅ1LÞÃ¢ïÐÈÙXZÏ§b»Zzg

T~ÈÕ@�V»gÙXZy�zâVWÑ]Ã%ñÆZq-c*�z Set Zq-ZzgWÑ]»
�ygÄgh�XZk�zgZyZy�zâVWÑ]~aäÆ0*ãÆg8-»x@{ÙX

~aäÆ0*ã»g8-!~Æ�Bps�Z?YV? Set Ãµ m

¥ÅF,¹ÆaÓ#Ö»j¿wXÂZ**ðÃWiZ��äzZÑÂx

:�Zða%, 16-^

Z��ñÕ@ aä»0*ã

»Zy%Z` CO2 :¿wÆ�zgZy 17-^

kg{
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ÔrÆa»gK�Q��VÃZq-êâkÅ1LÞ~³XZkÆ
e

�½
èEÃe{ÙZzgZq-eZ^)êâÃwóg',c*ËZzg�ÃZEw�Mh�(~Zq-
ÎgZcÙTÆfg=W\Zq-êâ¢a�Z4�Mh�XZk!*]»ìwgÚ�ê
â¢a�V~ez!*�ZgìXZ[1LÞÃZkeZ^Æfg=¢ïÐÈÙXCÙ�z[RV

[RVJ- 24 Æz9Ð�ÃgkgeÙXW\Ãttg{�c*Y@*ì�W\Zk�/Ã
�,X

W\Æx@{Æ_.Zq-¤/Zs¯�X m

H�~ÃðZ���Z? m

H�~ÚZ���Zc*Ze7-ËZq-�z�Ü~Z���Z? m

twZg]¹VÐWð? m

(Photosynthesis versus Respiration) Ã¦F,I®.Þ¿w 2.10

7�}Ã¦F,I»¿Z�x�ï�XZk»Ètì�z{�{�ZðÐ»g0eZðW�àZzgÎg`
ÅÃ¦ÂZ**ðÐZK½ZW\»g�D�Xt¿Zë{�zZg%ZiÆfg=Z�x0*@*ìX�Ã¦
ÂZ**ðÃ6ðÂZ**ð~ps�@*ìZk¿~»g0eZðW�àÐ]Å@*;�CìXtz{@*d¿c*

ì�!ât~zZµ�@*ìX (Anabolic Process) y~¿
fs~�~�)zZ]Ã¦F,IÆ¿»Ü�Òy�Cì

6CO2 + 12 H2O                       C6 H12 O6 + 6H2O + 6O2

Zk§baZ�{]¿w~ZEw�D�@*�Óx§CZqwÃ`äÆaÂZ**ð½�X
¿w6�ëzZ��tÜsuV»n�!�7ìÉt¿ë{½Zð�Ó]ÃÂh**c*CR

»g�@*ìX (Potential Energy) ì�6ðÂZ**ðc*ÂZ**ð!*Á{ (Catabolic process)¿

Zk»Ü�Zk)zZ]ÐHYYìX
C6H12O6 + 6O2           6CO2 + H2O + ÂZ**ð

Ã¦F,I»¿Zzg¿wt�zâV¬5]Zq-�zu}Æ#³�3ð�ï�X1t�zâV.e$�
Æa¢zg~�D�X (metabolism) ��7�}ÆAw (Pathway) Z§C6ðgZ5

¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

:¿wÆ�zgZywZg]»Zy%Z`�@*ì 18-^

Z��ñÕ@

êâkÅ1LÞ

êâ¢a

Ã¦ÂZ**ð
³gz�

(Sugar)]
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7�}ÆAà¢zgc*]Æa]ó¶K3Zzg�zu}»g1;àg�ó!ât~Ã¦F,IÆ¿Æ
fg=»gGYD�XÂZEV~ï~wzZµ�äÐ»g1;àg�»Z�Zt¿~W@*ìTÅzzÐ
ÂZ**ð»Zy%Z`�@*ìTÃz{§CZqw~ZEw�D�X¬xîg6,�yÆZz�]~F7�zV~¿w
Æ®.ÞÃ¦F,IÆ¿ÅÑbgëgic*�{�CìX²gZ]ÆZz�]~F7�zV~ZkÆ',@¿�@*

�X ìX�ógî"$ógzÝÅu]z){Z(4ì�tÓxÃ¦F,IZzg¿wÆÚ�&6,ZW,Z0+Zi�D

¥ÅF,¹ÆaÓ#Ö»j¿wXÂZ**ðÃWiZ��äzZÑÂx

^�40î
I
EG

7Í/õ

E

Gó (Bronchi) ó^�40î IEG (Trachea) 3,y%{ó (Alveolus) �Z!*lwó)�Z!*lwó�|{
Lenticels ','×âgóy~AwóCRAwóÂZ**ðÅ�́ó�Zða%,óÂó (Bronchioles)

¬xîg6,[ÂxÐ%Z�z{gZ3��ZÃµzVZzgz;VÐy%�|�Zð2VÎ�|})�V6,uV»n�! m

�@*ì(¹Y@*ìà@*ìZzgt¿',@Ì�@*ì
Z�bLL¿wóóÐ%Z�z{Óx�zZgZqw��Zð�xÉÐúV~WxÆZEwJ-zZµ�@*ìX m

CZ|ä¥xH���Zë�÷Æfg=ghD�z{aäÆ0*ãÃgÎ[~ps�CìX m

�Z1VÐZÔ²Aªî XEó&Ò�ð Exóá{ó3,y%{Zzĝ�40î IEGó^�40î IEG7Í/õ EGóÐ�|{ZzgQpy~�Z4�CìXZzgZÏgZ5!*CÙzZ:WCì m

uV»n�!�|zV~zZµ�@*ì�Ò~gKgK�Zð¼V�C�Ò~F��|}0*ñYD� m

T~pyÅÄc*]ñ���C�X
eZ
$«ç
JE

ZxZq-WC!*Äì��g~²Aªî XEÅ�Ûl6,ñ���CìX m

ìX �xÉÆ�zgZy�g~²Aªî XEÆw~Z���@*ìtZkz�ÜzZµ�@*ìZ#eZ$«ç JEZxi@*ìZzgt��÷ú�Y@* m

Zk»Z0+gzã�!*îÁ�äÐ!*CÙÅ�ZµzV~.e$!~Ð�Z4�CìX
ZÔ²Aªî XEÅ%î[RZzgZkÆYÑ�V~ñ��!*w�ZÆgLgL�ðwÆfgZ]ÃgzÈ�XZn´z{�÷ m

Æfg=à�ð�ZZ#ZÔ²Aªî XEÐ*gCìÂZmwZg]KãwZg]Æ)z~�àYCìXZzgW!ggZ]Ãt
qÝ�gìX@*�¬ÐÌic*�{%î[�nX
&Ò�ð Ex[Zzg;t+ö

E

Âx»��gZ3ìX','×âgZq-�súWCe�½èEìX��ZZzg½ZÆw�'6,´gZ2VÅ§s m

*gä6,Nzw�@*ìX
8-
?ç

E

E{Zq-J1ztú^ì�ßCezg6,��@*ìXZ#�ZµzVÐZyßCezg6,Ð*gCìÂt%²�D m

�XZkÅzzÐWzZiaZ�Cì�øg}!*]�A�äZzg�Çäz){Æaf)�Zg�CìX

ã~ZÖp

ëäH5
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¿wXÂZ**ðÃWiZ��äzZÑÂx¥ÅF,¹ÆaÓ#Ö»j

�Zð**à�ZÃµzVÅ§sáYCìX m

{~3,y%{c*�Zð**à�ẑ�40î IEG~��CìZzgCÙ̂�40î IEGZq-Zq-µ}~�Z4�@*ìX m

CÙ̂�40î IEG'×h+gLgL�ápV~��@*ìÎ^�40î IEG7Í/õ EG¹Y@*ìX m

Wy%~tF.e$�gLgL�Zð2VÆ#V~��@*ì85½ð EE�|{¹Y@*ìX�VpyÅÄc*]uV»n�!�D m

�X�VWx�Z4�CìZzg»g0eZðW�à{g̀�CìX
�Z!*lw�ZÅo�&lZg~�ø7!6,zZµ�@*ìXT~(,~lZg~ÂZ**ð»g0eZðW�àZzg0*ã»g�@*ìX m

)�Z!*lwZzgÂ�ZÅ**»°lZg~�ø7!c*WxÅ)ñ��Ï~zZµ�CìT~ÂZ**ðaZ�CìX m

�Z!*lc*)�Z!*lwÆ¿»�ZgzæZgWxÅ�ø7!6,«�@*ìZk¿~7Í/õ EG&»g0zZá%�'0*Jzf$ÃIhD�X¬xîg m

6,Mï~Y0+ZgzVÆ7Í/õ EG)�Z!*lwÃic*�{æ]J-Z�x�¶Ð�Ü�D�X
¿w|~Z�Z¹¿7�@*ZzgFz�;]ÐZ�@*ìX m

ÂZ**ðWiZ��äÆa�{Ç{~�ÃiÃic*�{�6,°c*Y@*ìZ¤/¿̧øg}�ÆúV~zZµ�ÂÓx7Í/õ EGVYîX -

�{Ç{~Zq-%û�ÃiSÑzq�YñÂZk¿Ãgz)W�y7ìX1Y0+Zg7Í/õ EGWxÅñ��Ï~�ÃiÃ¹��1~gÄ� -
°äÆ�.Þ�D�X
0*ã¬xîg6,Z�ZtÃgzÂìX1úV~¹ic*�{0*ã�äÆ!*z��¿wzZµ�DgLìX -

Ã¦F,I»¿Zzg¿wt�zâV¬5]Zq-�zu}Æ#³�3ð�ï�X1t�zâV.e$�Z§C6ðgZ5�� m

7�}ÆAwÆa¢zg~�D�X
7�}ÆAà¢zgc*]Æa]¶K3Zzg�zu}»g1;àg�!ât~Ã¦F,IÆ¿Æfg=»gGYD�X m

ÂZEV~ï~wzZµ�@*ìT~t»g1;àg�°ñYD�X@*�6ðÂZ**ðaZ�TÃz{ï~R6,ZEw�Ã m

(AS1) fsÅZ�q]Æ�gxy�Ûte�? X1
(Ã¦F,IZzg¿w d (¿wZzgZ�Zt c  �Z!*lZzg)�Z!*lw  (b �xÉZzgi9  (a

(AS1) �Z!*lZzg)�Z!*lwÆ�gxyÃð�z�&Ò3ð IGVÃe�? X2
(AS1) �Zz�]½Z�Zð**à~�Z4�äÐ�xQQìtùzZµ�@*ì? X3

(AS1) NhzV6,¬xgëgÐZz6,ÅY+$Z#º�Â�÷ÅÑbgëg~YVZ���@*ì?Ãð�zz�;]ÒyÙ? X4
(AS1) �ZµzV~gL2VÐ{g`��pyÅÄc*]~�Z4�CìZkÒy~Hp~Å¢zg]ì? X5

(AS1) 7�}Ã¦F,I»¿�yÆZz�]~Zzg¿w»¿gZ]~Z�x�ï�XHW\ZkÒyÐZ·t�D�?YV?YV7? X6
(AS1) ZK"6,Mx»_5Ò5å GEHgYVáY@*ì? (Mountainer)e �}«g~̈©ÎäzZÑ&zZàZzgÃ{ X7

(AS1) �|{ic*�{lZg~uV»n�!Æa¾§b»gHY@*ì? X8
¿w~�ÃiÐÂZ**ð¹VWiZ��Cì?��äZkÆ�Z[~Ò�²Î:äW]�XZy�zâV~ X9

(AS1) ¿w~eZ$«ç JEZxZzg','×âg»Hgzwì? X10 (AS1) Ãy9ìZzgYV?
(AS1) 6,tùzZµ�@*ì? (Cellular level)  py~uV»n�!ùzZµ�@*ì?c*ï~R X11

(AS1) ^�40î
I
EG3ÅR6,uVÆn�!Æ}4,xÅz�s#Ù? X12

(AS1) JKãzgilc*»xÆ�ëW]~�g�Ck�D�X¿wZzg�g�Æ�gxyHmì? X13
(AS1) i@Hì�7�zV~�ÌêVÆ�B�B�÷©8ìXHW\ZkÒyÅ@*G�D�?z�;]ÒyÙ? X14

ZLZõ[Ã�Ûzr�Ø
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¥ÅF,¹ÆaÓ#Ö»j¿wXÂZ**ðÃWiZ��äzZÑÂx

(AS2) Z¤/�~eZ$«ç JEZxñ��:�ÂH�Ç? X15

(AS2) Z¤/W\Å5�]ËâCÙÒeZËÐ�YñÂW\�wÅz�s#ÆaÃµÎZÑ]�zÐ? X16

(AS3) ZjwÅ�/Ç{~)�Z!*lwÃKÆaW\äÃ̈K§i»gZCc*? X17

(AS3) ]ÆZ�ZtÐ0W\Æx@Z]s? X18

(AS4) �u~¢~wÐ0¥â]Z�ÙZzgZq-â^»gÙZL#{)®)~ZjWzm,ZVÙ? X19

(AS4)Ù? Wß�ÏZzgÔÃÅzzÐ�äzZà[Fg-VÐ0¥â]Z�ÙZzgZLë)®)�¹VÐI� X20

(AS5) [Âx~�ZÃµgZ5Ð*g}ÏXZmz�s#�äÆaZq-**'×�̂Z@*g�? X21

(AS5) ¿wÃªCÙ�äzZÑZq-{�Z@*g�ï~wÐ0W\HY��s? X22

(AS6) øg}�~¿wÆ}4,xÅW\¾§buZx�zÐ? X23

(AS7) ZjwÆ3i*~7�äÆa)�Z!*lw6,Zq-£!»gÙ? X24

(AS7) å�ÎZzg³gz�Æ�gxy¿wÆ!*g}~�ðI�6,Zq-»gIy»gÙ? X25

ñ���D�X _________ Zzg _________ gh~�ð�Z~ X1

B@*ìX _________ Zq-�súWCe�½èE��ZZzg½ZÅw�'Ã�1~g�rì X2

B@*ìX _________ 3ÂZ**ðÅ�́ X3

z~0*ñYD�X _________ [Z¡IY��7�}Æ Lenticels X4

Ð�÷fe�X _________ $45¾
æ G
EY

z�g|# X5

( ) Zy~ßCezg0*ñYD� X1

3,y%{ (D ZÔ²Aªî XE (C &Ò�ð Ex (B
8-
?ç

E

E{ (A

( ) Ò~�Zð2VÆõBD� X2

�Zð{a (D ^�40î
I
EG
7Í/õ

E

G (C ^�40î
I
EG (B �|} (A

( ) fs~Ã̈KÒy9ì X3
�g~²Aªî XEÆw~Z���@*ìX X Z#eZ$«ç JEZxi@*ì (i
�g~²Aªî XEÆw~¶zZµ�CìX X Z#eZ$«ç JEZx]¿.çH@*ì (ii
�g~²Aªî XEÆw~Z���@*ìX X Z#eZ$«ç JEZx@lì (iii
�g~²Aªî XEÆw~¶zZµ�CìX X Z#eZ$«ç JEZx@lì (iv

  iv (D) iii  Zzg   ii (C) ii  Zzg   i (B) i (A)

{à»VÃ6,Ù

9�Z[»ZN[Ù
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�÷he»® - 6,Z**c*â
(Pranayama -  The art of breathing)

tYy�(,ZÀ�@*ì�ÜsZK̈y�ÃGì�ù�÷àYñX
�Z 500ml ~N�D�XCÙ�÷~ëÜs (lobes) øg}Ò¢ú

E

ìX 5800ml Ã�Z4Zzg{g`�D�X²øg}ÒÅRö½ã
ZkaZÒZz�]¢úEÆZz6,~�V~��÷»¿zZµ�@*ìXZk»

Ètì�ëøg}Ò»½7gZEw7�gì�Xåi9Æ
RöJ-Ò»ZEw 4600ml �Zøg}Ò~`�ðgSìX®Z�÷Æa 1200ml !*z��½ã

�Mh�Ẍg<�Zâic*�{lZg~�÷heÆaÃ́p´V�g»g�C�Xyz*ãW-gzh+u»âCÙ
ÃF,¹�~X'gÙ (Yogabhyasa) ä�÷heÆ¿»�³§i-Ç�� (Patanjali) Éî�

-ÇÆZßßVÃWJ�V~¬gs 195 **òÃtÃ7HXZkä (Astanga Yoga) î�äZ6ó-Ç
�zZc*X

W�)KãZ0+Zi$iï EIG( X3 *â)ZÐZ�~�( X2 c*â)�Y�( X1

Expansion of vital energy
D

( 6,Z**c*â)i0+ÏÐẤZ**ðÅzÝ X4

�JgZ**);ð( X6 Withdrawal of Senses  D 6,Z»;gZ)jZkÃWiZ��**( X5

Self realisation ��~)p�~ÅTy(D X8 �·**)%ZK&�·y( X7

Æp^ (Ayama) Æp�óWc*â (Prana) -Ç��~�÷heÆ®Ã6,Z**c*â¹Y@*ìX6,Z**
Æ�X

6,Z**c*âÆ§i~�ZÃÒÆ&�V~�Z4�ä»ñµ�c*Y@*ì@*�WxÅic*�{lZgpy
4f�CìX�~�÷he 15Ð20-22 ~_.[�nX6,Z**c*â~�~�÷heÐ�÷~

ÅzzÐic*�{lZg~Wx½�CìXTÅzzÐ�ârZzg�ÆW]¹dw�D�X6,Z**c*â
Å0*È~Ðw�ä6,øg~i0+Ï¡qZzgdwgSìXµzVÆ»x�äÅ&¢AÃ(,JäÆ
aZq-âCÙF,�Mc*C-ÇÆyÆik,ôZã�Òp/Zzg½ÆÓxßv6,Z**c*âÅw�**ecX

¥ÅF,¹ÆaÓ#Ö»j ¿wXÂZ**ðÃWiZ��äzZÑÂx

( ) ¿wCR¿ìYè X4

Ã¦ÂZ**ð~p~zZµ�Cì (b ë{½Zð�Ó]I3� (a

ÂZ**ðfí{ÅYCì (d 6ðÂZ**ðÅ@*;�Cì (c

( ÂZ**ðZk~fí{ÅYCì) X5

ï~�-Zg (d gZÆizé (c ÂZ6 (b %�/{ (a

e
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�zgZyÂx -
"3©5Ð

ö

GEG

GÂx

"3©5Ð
ö

GEG

GÂx
Circulation

ÓxY0+ZgÃZKKã�zúZzg¼Z�&Æakc*]ó�HkóâO]z){Å¢zg]�CìX
ÓxY0+ZgzV~pZ{z{Zq-ï~�c*Mï~tâ�}�ÆÓx�VJ-v�äÅ¢zg]�CìX
q-ï~Z�x~tâ�}îsÃAJ-v7�D²Mï~Z�x~tâ�}îsÃAJ-

ÅJ-ÌvGYD�X 100 v�D�X�{²n~ñ���&Ðîs�#Ö�g½V~ª
Z�ÌZ�x�Z�ó;àgZz){~tÓxâ�}��{§j�¿ÓfZzg¿zß`z){Æfg)v
�D�X

Z¤/ZdMï~��)X»�71VúV6,��@*ì(Üs¿zß`ZzgÓf5+k,~�ZdwÃ
ZCñÂâ�zVÅÃÆnZq-îs²��g»g�@*ìX

Zk@*íÃÁ�äÆaZzgZyâ�zVÅñW,Zzg!~Æ�BÃÆaZq-e{ÂxÅ¢zg]ìX
¹Y@*ìX (Circulatory System) Y0+ZgzV~ñ��ZkºmÂxÃ�zgZãÂx

ë̂kZâYÃ�g½ZZEw�D�XâO]ÃÃW�ZzguVÃ�÷Æfg=Z0+gfe�X
HW\B��ÐVZlxÆâ�}ÜsZq-�ÂxÆfg=v�D�? m

�wÅ�PÁ 3.1

W�øg}�~Zï�zgZy¾§b�@*ì¥x�,ÐXHW\ä�¬ì�eZË%!Åqñ
�Zq-4Æa{~»x@{�@*ì?z{HY+ÅÃÒ�@*ì?

¥ÅF,¹ÆaÓ#Ö»j

!*[
3
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eZË%!Æ�wÅ�PÁ1ÅÃÒ�g;ìX
X W\ZL�wÅ�PÁp�1ÅÃÒ�,

Æ_.W\ZKÞ�]ÅZiZzg�gxãZiÃZù`Æ{6,gÚX 1 - ^
W\Ck�,Ð�W\ÅZèVÃ¼¤�ÜF,KMzZgZz6,ne�g�ìZ[W\Zq-

¹Y@*ìXZ[W\ZÏ£x6,j�Zq- (Pulse) 4~Zkw�'Å2ÌÙ&qÅÑb
4ÆaY%ÙXQZq-4~qÅw�'ÃÑgÙXÁZiÁ&%ûZk§b�Æ
qÅÑbw�'Ã].zw~â^ÙX

1 - ].zw
qÅÑbw�'°4

Y%Æ� qª(jy~
�Û�»**x �¶Ky

W\äHx@{H?H�zâVqpV~qÅÑbw�')z~ì? m

ë�Ù��Zq-�Û�Ð�zu}�Û�~Zq-qª(Ð�zu~qª(~qÅÑbw�'~�Ût0*c*Y@*
ìXªtx7�CXW\p�Û�{�Vc*_.!*C�VÂqÅÑbw�'~
Z���@*ìX�vqÑ]�·̈Vm%ó�zh**z){Æ�zgZyqÅÑb
w�'¥xÙXqÅÑbw�'Zzgøg}�wÅ�PÁÆâÎm0*c*Y@*

ë ìXZ[ëZkmÆ!*g}~'×h+¥â]qÝ�äÅÃÒ�,ÐX
Ë�zZu}§jÐqÅÑb¥x�Mh�XW�ZkÆnøDfs
rZ�x�,X

:q 1 - ^

q Pulse Indicator :2 - ^

¥ÅF,¹ÆaÓ#Ö»j �zgZyÂx -
"3©5Ð

ö
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»g�**�ÇX�D»Åá�Zk~̂Æ_.Zq-�c*sð Pulse Indicator ZkÆaW\ÃZC
�Z4ÙXZÐW\Æ;B6,È̄Æ�Ûd$gÚX�c*sð~w»]»x@{ÙXZC�zuZ;BJg6,gÄ�
�wÅ�PÁÃCk�,?

qÅÑbw�'Ð¾!*]»Ø¸ì? m

ä!g.üZ»gc*Z]4-�h½ð
HG

\Ã�gc*ÄHXZkÐI (Rene Laenneac) Y~g+ÑÑu 1816

(Paper eZË%!ÆJg6,»ygÄ��wÅ�PÁÃ��D¸XÑÑuä�gc*ÄH�»½Å"
Æfg=�wÅ�PÁÃzZãîg6,ÍMh�XQZkä»½Å(ÌÃZEwHXZzgZj Tube)

Z

d-£4h½ð
HG

\»**x�c*X

W�p�»!g.üZ»g¯NX
Zõ¢Æ»½Å"¯�XZkÆZq-u}ÃW\Æ�z�&ÆJgÐªBÆ 1 ZõEZzg 10

ZõnÅY+$Î�X@*�W\Æ�z�&Å�PÁÍÃX 6 Zõ!*NY+$Zzg¤/�yÐ 1 �gxãzÐ
Zk»½Å"Æ�zu}u}6,ZC»yÎ�Ng_54/õ EJGXZzg°4�wÅ�PÁÃ2ÌÙX

W\Æ�z�&ÆqÅÑbw�'Ã¥xÙXW\Æ)®)~ÐÁZiÁ�k�¹VÆx@Z]

ÃfsÆ].zw~�g`ÙX
2 - ].zw

qª(jy~qÅÑbw�'°4 qª(jy~�wÅ�PÁ°4 ¤(̈D»**x �¶Ky
72 72 Zâg 1

Z/ÆZ�ÛZ�~qÅÑbw�'
F,�Mc*C¡q!*Ú

Z�ÛZ�Zzgîh~
�wÐiZZ+/Æa& 10

),gvZ�ÛZ�øwÃà~
a
�w( 10@*1)

èpZg
¹( 12@*6)

èpZg
¹( 6@*3)

âñ
¹( 3@*0)

40-60 60-100 70-130 80-120 90-120 100-150

¥ÅF,¹ÆaÓ#Ö»j

HW\Y��? !
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�wÅ�PÁZzgqÅÑbÆ�gxyHmì? m

Z[ëøg}�ÆZë�L�wóÅ�|#ZzgZn§i¿Æ!*g}~Y3ÐX�wÅ�PÁÅzzÐ�
ëi0+{gT�X�wó�zâVµzVÆ�gxy$k5Òð FGVÆ¼}~0*c*Y@*ìX�wÅ�#Ö½ãW\Å
¯Å�#ÖÆ',Z',�ÏX

�wXÛzã�|# 4 - ^ �w»Yñz̧q 3 -^

¬î&4/õ EGJÆ�wÅZ0+gzã�|#»x@{�**X Ñ:
Zq- (tray) ó!ZzgDq~óóÏ (Straws) Ë�[ÐqÝ��{�~c*�»@*i{�wóZ7Z �g»gZâY:

Æa8óZzgÃz){X (Dissection) dà0*ãó¿Æ
aèÓx¬îEVÆ�wÅ�|#Zq-�§b�Cìë�c*�~Æ�w»x@{�,ÐXZkÆa
�øDfsZâY�g»g�D�X
x@{»§i»g

�&Ð�wÃZh§bÐ�ðB@*��wÆ{âVÐpy7g~§b�s�YñX m

ÃpyÅ**CV~�Z4ÙXZzgZLx@Z]â�̂DY� (Straws) Z7Zk m

�wX6,ÂVÐyZ�Zì? m

)Zq-Æ��v6,ÂVÃUDY�Zzgx@{Ù(
�wÅ̂tì? m

a%}�D�? (Stumps) �wÐpyÅX(,~**CVÆu} m

�w»Ã̈KzahZzgÃ̈Kzßì? m

¥ÅF,¹ÆaÓ#Ö»j �zgZyÂx -
"3©5Ð

ö

GEG

GÂx

�/Ç�r
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�zgZyÂx -
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GEG

GÂx

ÅF,KM»x@{ÙX [ (Coronary Vessels)  Z

®Ò5Ð
öG**1V ] �wÅ�-ZgzV6,pyÅ**CV

)Z¤/W\Ã�~»�wc*%:x:�ÂfsÅ̂»̈gÐx@{Ù(
�wÅZ0+gzã�|# 3.2

~Zk§bgO�ZkÅ¾yú(,~"Zz6,ÅY+$�t8z�@*ìX (Tray) �wÃÏ m

5- Z[Zq-!�c*ÃÅæ�Ð�wÃZSbeu�,�Z0+gzã{äzZãîg6,ÃWNX6�̂ m

~ec*�HìX

�wÅZ0+gzã�|# 5 -^

Z[�wÅZ0+gzã�|#»x@{�,XZzg�wÅ�-Zg»x@{�ÆC��
CÙ§sZq-Üì? (Thickness) H�wÅ�-ZgÅñN*ð m

�wÆÄ{ä�D�? m

H�g}{äZq-��#ÖÆ�? m

W\ä�wÆ{âVÆ�gxyÁ̧�]»x@{H? m

�z{âVÆ�gxyHW\Ëºmx@{Hì? m

HÓx{äZq-�zu}Ða%}�D�? m

tZq-�zu}Ð¾§ba%}�D�XZzg¾§bZq-�zu}Ð�ÑCå{�D�? m

!*N!*izÅY+$Ñc*y
Wzg©

�Ñc*y)!*N�ác(
!*N�zgh+

!*c*yQf+
�Ñc*y~4hà̂Zqc*²£Ð.5åEy

!*c*VQf´$�4-ö EGG²£Ð.5åEy

)�zZ¸g~̂Zq(

!*c*V$�4è EGE

uÅY+$èc*3
¯t�°zgh+,

�Ñc*y)�ZN�ác(
�ZN�zgh+
�Zc*VZf+

�Zc*VZf´$�4-ö EGE²£Ð.5åEy

)�Z¸g~̂Zq(

ik,,�°zgh+
�Zc*V$�4è EGE

¥ÅF,¹ÆaÓ#Ö»j55
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W\x@{�Mh���wÆ{~Cg8-Å�854è
EG

Gñ���C�XZé�#ÖZzg�|#»x@{
ÙXZzg�B�t�854è

EG

GÁ�VÐa%~�C�?HW\Z0+Zi{ÎMh��Zy�½VÆZdwH�Mh�?
ZzgZkâÃ̂fsÅ¬]ÐñZi:ÙX �wÅ�|#Ð0W\Æx@Z]6,Zq-â^sX

Zzg�w»{�@ã^»�@*ìX�w»Z�uZahZzgêuZß�@*ìX  ^» (Pear) �w**�C
c*¤/�¡Ó40î GEG (Pericardial Membrane) �w�z9£Ò3ð EGVÐyZ�Z�@*ìXZy9£Ò3ð EGVÃ¤/�̄G
Ð½Z�Z (Pericadial Fluid) ë�XZy�zâV9£Ò3ð EGVÆ�gxy»z¤/�̄(w (Pericardium)

�wÛzãîg6,eg{âV~3vVÆfg=Ë�@*ìX �@*ìX��wÃ%VÐôpg�rìX
ë�X (Ventricles) (ZzgnÆ�z{âVÃ$�4è EGE Auricles c*Atria Zz6,Æ�z�VÃZf+)
ë�� (Caronary Vessels) pyÅ**1V��wÅ�-ZgzV~ñ���C�Z¹Z®Ò5ÐöG**1V

�wÆW]ÃpyàC�X
$�4

è
E
GEÅ�-Zg,Zf+Å�-ZgzVÐ�Ü�C�Xøg}x@{Æ_.�w~eg{ä0*ñYD

Z#��zuZ{:ëY+$ (Anterior) �X!*NY+$�z{ä�D�XT~Zq-{:Z�Y+$
�@*ìX�ZN§sÌ�z{ä�D�Zq-Z�Y+$Zzg�zuZëY+$ñ���@*ìX!*c*V (Posterior)

Zf+Zzg$�4è EGE�ZNZf+z$�4è EGEÅ/ÚgL�D�X
�wÐa%}pyÅ**CV»x@{<X
�wÐXpyÅ**1Va%~�ð�C�? l

HÓxpyÅ**1V)EZgJ�?Zy~ÐX**1V)EZgJñ���? l

HW\B��pyÆ**CVÅ)EZgñ»�zgZypyÆÂxÐÃðmì? l

z{pyÅ**1V���wÐò��ÆZ�VÃpy½�C�XZyÅ (Arteries) Ñc*3
(Pulmonary ¹Y@*ìXgK�Ñc*y (Aorta) �-Zg,�Ü�C�X�&Ð(,~Ñc*yÃWzg©

�wÐpyÃµzVJ-àCìX Artery) 

z{pyÅ**1V���ÆÓx�VÐpyÃ�wJ-àC�X×zgh+zVÅ (Veins) zgh+,
(Superior z~ñ��zgh+Ã¯¹�°zgh+ (Anterior) �-Zg,¡�C�X�wÆ�ZNY+$Z�

��ÆZ��V�uZzg¤/�yÐpyÃÑC�X (Precaval Vein)c*Venacava) 

Ð� (Posterior) z{zgh+��ÆÔ�Vª;ðVZzgczVÐpyÃÑC�X�wÆÔ{
ë�X Post Caval Vein c*Inferior Venacava zgh+WCìZÐik,,�°zgh+
Æfg=Zµ�D�qÃÝ (Muscular Partition) �zâVZf+Zzg$�4è EGEZq-WC�»g
Æfg=T�X (Valves) ¹Y@*ìXZf+Zzg$�4è EGEZq-�zu}~ox&²£Ð.5åEy (Septa)

¥ÅF,¹ÆaÓ#Ö»j �zgZyÂx -
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�zgZyÂx -
"3©5Ð

ö

GEG

GÂx

�ZNZf+Zzg!*N$�4è EGEÆ�gxy0*c*YäzZÑ�Zc*VZf´$�4-ö EGEÃÝ6,�̂Zq&

²£Ð.5åEy6,0*c*Y@*ìZÐ

¹Y@*ìZzgz{̂Zq�!*NZf´$�4-ö EGEÃÝ6,!*NZf+Zzg (Tricuspid Valve) LL�Z¸g~Ẑqóó
¹Y@* (Mitral Valve) c*(Bicuspid Valve) !*N$�4è EGEÆ�gxy0*c*Y@*ìZÐLL�zZ¸g~̂Zqóó

BCìX�Wzg©~ (Pulmonary aorta) ìX�ZN$�4è EGEÐå3zZà(,~pyÅ**à�Wzg©
ñ��²£Ð.5åEyÃ�²£Ð.5åEy¹Y@*ìX!*N$�4è EGEÐZq-(,~pyÅ**àÇ̀ìTÃÂòWzg©

ìX ¹Y@* (Systemic Valve) ¹Y@*ìXÂòWzg©~ñ��²£Ð.5åEyÃÂò²£Ð.5åEy (Systemic aorta)

»ëx@{�Mh�ZÏ§b (Openings) �ZNZf+6,ë¯¹Zzgik,,�°zgh+ÆAu}
»Ìx@{�Mh�� (Openings) ÆAu} (Pulmonary Vein) !*NZf+~ë�zgh+

W

±o-
B-
ö
GE
EpyÃµzVÐÑC�X

¹Y@*ìXtW
±o-
B-
ö
GE
EpyÃ (aorta) !*N$�4è EGEÆZz6,~zÐZq-�ÜpyÅ**àÇ̀ìTÃWzg©
Ç̀ì�)  (Pulmonary artery) �ÆZ�VÃàCìX�ZN$�4è EGEÆZz6,~zÐ�Ñc*y

W

±o-
B-
ö
GE
EpyµzVÃàCìẌgÐx@{�äÐ�Ñc*yZzgWzg©~ñ��ox&²£Ð.5åEyÃ�NMh�X

pyÅ**1VZzg�zgZyÂx 3.3

Z[ëpyÅ**CVÅ�|#ZzgZyÆZdwÆ!*g}~_·�,ÐX
z,�~{~J-ÌëZk!*]Ã9îg6,7Yyn�pyÅ**1V¾§bZLZdwZ�x�î�X 16

äc~0*ñYäzZàzgh+zV»_·HXZrVät  óó Girolamo Fibrici LL  Y~ZOÆeZË 1574

Ìx@{H�Zk~gLox�D�X�pyÃ�wÅY+$Õ~�!*�eZs�Xz{oxq-YÑ
¸X�pyÆzZ3·�ÃgzÈ�XcÆW]Åw�'zgh+zV~pyÆ·�~æ��îìX

äÃðÂõ7�~XZk Fabrici CÙ¿äÎe�!*N$�4è EGEÐå3zZÑpy�wÐ�zgcìT6,
äZKp�Å�gc*ÄÅZÌÃÒy�äÐ�Üg;X

¥ÅF,¹ÆaÓ#Ö»j57
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GÂx

��Zq-Zôm,å�eZË�WÆ�'×h+½qÝ�ä (1578 - 1657) Zn�z@;gz}

Åik,ôZã½qÝHX  Fabrici ÆaZO�HZzg
;gz}ä%�{ZK̈yÆ�wÅÆ�D�ñZk!*]»_·H�Zf+Zzg$�4è EGEÆ�gxy
²£Ð.5åEy0*ñYD�XZzgx@{H�t²£Ð.5åEyZq-YÑ�D�X�pyÃ%Ëg»z^Æ
Qf+Ð$�4è EGEÅY+$Õ�ï�X

Z#L�wi@*ìÂpy$�4è EGEÐQf+Å§szZ:v7�@*ÉÓxpyÑc*âV~e�
Y@*ìX

äFibrici ;gz}äc~0*ñYEZázgh+zVÆ²£Ð.5åEy6,'×h+ï�**ÑzqH&ZnZ*�
�gc*ÄHåz{oxZq-YÑZ̧zgpyÃ�wÅY+$Õ~�!*îeZs�X

Zk!*]ÃU*"$�äÆaZkäZYâgzV6,�/�D�ñZzgh+zVÃ!*0+JZzgpyÆ
ÕÐgz»X�wÅ�zg~6,!*0+ñ�ñ�V6,zgh+,åYwYC�X
aèpyå�wÅY+$ÕÅÃÒ�@*ìzgh+Æ!*0+ñ�{6,py¦�ä4ìYèt�wÅ#³
�~7ct!*]Óxzgh+zV~9U*"$�ðìX
Ñc*âV~�wÅY+$!*0+ñ��V6,åpy¦�Y@*ìXaèpyÜs�wÐò��zu}

gZ2VÐÕÅÃÒ�@*ìXZzgË�~7ËYX
;gz}äx@{H��wpyÅÑc*âV~e�Y@*ìZzgpyzgh+zVÆfg=zZ:�wÃßÒìX

Z¤/�zâV$�4è EGE~ZÏ§b�ZÂpy»�zCÙZ�zgZy�@*ìX�ZN$�4è EGEÐÑzq�ÂpyÑc*âVÆfg=
µzVÃ(ìXZzgzgh+zVÆfg=!*NQf+~(ì��zgZyB@*Zzgz;VÐ!*N$�4è EGE~�Z4
�@*ìX!*N$�4è EGEÐpyÑc*âVÆfg=�ÆÓx�VÃ(ìXZzgzZ:)!·zÐ(zgh+zVÆ
fg=�ZNZf+Ã(ìZzgz;VÐ�ZN$�4è EGE~�Z4�@*ì)Âò�zgZyB@*ì(Xaèpy�wÃ�z%û
(ìÔZq-%û��zgÆfg=Zzg�zu~%ûÂò�zgÆfg=ZknZÐ�zCÙZ�zgZy¹Y@*ìX
;gz}ätÌec*�t¦gÌ7HYY��»ÓxpyZEw�YñZzgZm(*py0YñX

;gz} Zkä�wÆZq-%ûiä6,HpyB�@*ìeöÅZzg�wÆiäÅ®Z�ÃÌ¥xHX
kHic*�{pyB�@*ìpZkgëgÆ�B�pyÃ 3 Æ_.�wZq-]~ZK̈ã�ÆziyÆ

ZEw�Æ6pyÃ»g7�YX

z@;gzg} 6 - ^
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ö

GEG

GÂx

z�py�zgZy~�@*ìZzg(gZEw�@*ìX
;gz}ÃQÌ��Ü7Wð�gKÑc*3Zzgzgh+,�pyÅ**CVÐa%~�ð�C�z{
�Ú~.e$gKìHz{zZªz;Vñ���C�?

Y~�b�ZâVä°ÎVÃ�h�Zk§bÐ»gH���{WçÐÃWäzZá.e$ 1650

ä (1628-1694)(Marcello Malpighi) gKZâYÃ(,Z�Æ�¬YYìXâg|âÅ§Aö
E

E

pg�Î»ZEw�D�ñgLpyÅ**CVÃ�NeÎ��{WçÐ�9**eåX
»_·HXZzgZkäpg�Î»ZEw�D�ñpy (wings) äÆegÆ%æFM Malpighi �~

Å**CVÅ¡9£Ò3ð EOGV»x@{HXZzgZk!*]Ã7H�tgKÑc*3Zzgzgh+,gKpyÅ**CVÐa%~
�ð�C�X

(Hair) »**x�c*ì&ÑHi!*yÐ1�HìTÆp!*w (Capillaries) ZkäZjÄc*]
Æ�XYèz{!*wÐÌ!*gq-¸X

Å�gc*ÄÐ�zgZypy»Âx»¦gå�ZZzgZkz�ÜÐ (Capillaries) Äc*]
t¦gtH�HX

��pyópyÅ**CV~cìp�0ZâVäZk!*]»ù Z[ëYy`
ØÎc*�pyópyÅ**CV~�cì?Hteì�pyÅ**CVÃvyàñ%
pyÅ**CV~Ô�ñpy»bCÙ{HYYìX

z,�~~z@;gz}äTÆfg= 17 Z[ëZq-gzZî�/�CÙZNÐ��
zgh+zV~pyÆ·îÆbCÙ{Ã7HåXZ#�Zk�zg~%�'pg�Îc*Ãð].h+
WÑ]ñ��7¸X

~�îc*�HìZq-÷!*0+Û 8(b) Ë¿Å:ÐË�gZz6,6�̂ X1

�Zk¿ÅpyÅ**1Vúc*Vîg6,ÃWNX

âg+âÅ§Aö
E

E  7 - ^

Zk§bÙ  - (8)a^

;gz}»�/  - (8)b^
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ö
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GÂx

~ËÀ}Ã��ñäÆavXTÐZkÅpyÅgÍVÃzZãîg6, (Fist) Zk¿Å̄ X2

�¬YYìX
Zq-zZã¾V�ñ~z¬Å¶K0+�ÙX X3

:Ð�zg�ñ~z¬îVÆWy%~{6,�!*îeZa@*�ZkÅÜYÃÈHYnX X4

Z[:ÐÒÅY+$W×Ð�!*îeZaZzg�ñ~z¬îV~�äzZàp~»x@{ÙX X5

Z[;B6,Ð�!*îU�ØX X6

ÒÐ´4-öEEÅ§s�!*îeZaZzg�¶H�@*ìX X7

øDfsÎZÑ]Æ�Z!*]�ØX
�wÅ�zg~6,!*0+ñ�ñ�V6,pyÅ**1VYVYwYC�? m

ZkÐW\HB�X m

Ñc*3Zzgzgh+,: 3.4

Ñc*3pyÃ�wÐ�Æ�v�VJ-áYCì²zgh+,�ÆZ�VÐpyÃ�w
J-àCìXZ[ëÑc*3Zzgzgh+zVÅ�|#Zzg÷Ð0x@{�,ÐX

»x@{ÙX 9(b) Zzĝ 9(a)^

:(Blood Capillaries) pyÅÄc*] 3.4.1

pyÅÄc*]ó�gZÝpg�|**1V�C��Zº~6,]ÆúVÐµ�Cì�Zâ�zVÆÓf
Å�-ZgzVÐf�!*CÙä3�Äc*] (Capillaries) Äc*] (WBC) ~æ��î�XZÞ7Í/õ EG

Æ�gxyö�ì�D�XZ[øDfs].zwÃ6,ÙX (Veins) Zzgzgh+ (Artery) Ñc*y

Ñc*yÅ²èF,Zl  - 9(a)^
Dzgh+Å²èF,Zl 9(b)^ Äc*]Å²èF,Zl - 9(c)^

E�Zg
g6�ZgÝs

k̂g6�ZgÝs
                WC6,]
                  �gz:

Z,7Í/õ EG

�gz:
Z,7Í/õ EG
)�gzV',7Ð*î(

)�gzV',7Ð*î(
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GÂx ¥ÅF,¹ÆaÓ#Ö»j

3 - ].zw
zgh+ Ñc*y �|#&Zdw �¶Ky

)ñK&¡( (Thickness) �-ZgÅ�!*f] 1
²£Ð.5åEy)ñ��&)ñ��( 2

pyÆ·�Æ�zgZy�|#Ã',�ÛZggppÅ&¢A)',�ÛZgǵ&',�ÛZg:ǵ( 3

pyÆ·�Å�)�wÐZ¡IYJ-&Z¡IYÐ�wJ-( 4

pyÅ**CV~�!*î)ic*�{&Á( 5

( M
±o-B-

ö
GE

E
&) M

±o-B-
ö

GE
E **CV~ÕzZÑpy) 6

�Ñ+Zzg�zgh+Æ�gxy̧�]6,cÙX /

W�Ñc*yZzgzgh+Æx@}ÆaPxÁZ�x�,X
�Ï6,ZSb'��Zq-cÑm�Z�Zzg�zuZc�Áqª(~�XZq-c»RQ�zu}cÆ]6,�
¼�k,�W\Ck�8�c�Zz6,ì�wÅCÙZq-�PÁÆ�Bw�'�äÑÇXZ¤/W\ic*�{�k,J-ZÏ

)Î×V(»ÌZW,7�ÇX Needles Zzg Pins qª(~g45Áõ XE
Y

ÂpyÆ·î»�!*îÁ�ÇTÅzzÐZk6,
W\ZLyÐZkÅzz7~X

ZL;BÃZâ%ûÍw��@*�zgh+zV~py½YñXZL!*izîVÃ¬Y+$Z|�~e¡
gh�XZKZiÆfg=Z½}�ñzgh+6,¯Ð�!*�W\x@{�Mh��py#³�~cìX

²£Ð.5åEy»#³�~�VW\äZiÐpyÃ�!*c*�óHW\äÎX»x@{Hì?z�;]
ZLZ*�ÐcÙX

Ñc*yÅ�-Zg,¹¢oZzgEZg�C�XYV? m

Ñc*âVÃgKgK�ápV~Ë�g|#ÐYV».ÞHY@*ì? m

Å�#ÖÑc*âVÅ/Ú(,~�C�XYV? (Lumen) zgh+zV~�gz: m

Î8/õ FGZzgn�!ìwÙ
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¯�zg 3.5

z,�yÐ�P)Ñzq�@*ìX)!*[Â6~ 21 ZK̈ã�w<Å�zúÆ�zgZy
Âx»_·Ù(Z¤/t�P)È�YñÂZnË~�Û�Åñ]�YCìX

Qf+Zzg$�4è EGEÆZq-%ûiä)ZÁm(ZzgÌ)Z]Oo(ÃZq-̄�zg¹Y@*ì m

¦g�D�ñ̄�zgÆ (Diastole) �wÆeg{ä��;îÅqª(~ X1

%ÖV»x@{�,ÐX
pȳ¹�°zgh+Ð�ZNQf,~Zzg�zgh+Ð!*NQf+~�Z4�@*ìX X2

Z[Zf+ÆiäÐ�!*îaZ�@*ìXË~Qf´$�4-ö EGE²£Ð.5åEyÆUÐ X3

py$�4è EGE~�Z4�@*ìX)Zf´ZÁm(
Z#$�4è EGEpyÐ_m,�D�Â$�4è EGEiäZzgZf+Ì��$�4è EGEiäÆ X4

ËÐ�!*îaZ�@*ìpyWzg©Zzg�èc*y~�Z4�@*ìZ#²£Ð.5åEyÈ�YD
ÍMh�X "LUB" �Âë�wÅ«WzZï(

Z#$�4è EGEAlÑzq�YD�Â$�4-ö EGE�!*îÁ�Y@*ì�pyÆÑc*âV~�Z4 X5

�Zåz{$�4è EGE~zZ:WäÅÃÒ�}ÇX$�4è EGE~ZSbëY+$Æ·îÃ
gz1ÆapyÅ**CV~ñ��²£Ð.5åEyÈ�YD�XZkÆË~�zu~WzZi

ÃÍMh�XZ[�zâVZf+pyÐ½YD�Zzg�z!*g{ZÁmÆa "DUB" e[

ª$�4è EGE~pyÃB�äÆa»ggT�X
¹Y@*ìt̄�zḡ (Cardiac cycle) ¯�PÁÆZy�zZg%ZiÃ̄�zg

Zzg*ã%³ªLLZf+Zzg$�4è EGE»Alóó (Systole) W]»i**dw%³ZÁm
6,��@*ìX (Diastole)

]�@*ìXZzg$�4è EGEÆZÁm 0.14@*0.11 Qf+ÆZÁmÆa�g»gz�Ü
]z�Ü�g»g�@*ìX�zâVZf+Zzg$�4è EGE!*ëZÁmÆa 0.35@*0.27 Æa

]~å�@*ìX 0.8 ]�@*ìXtÓx¿½ã 0.4 �g»gz�Ü½ã

Qf+~py»y .2

(Relaxation) Zf+Zzg$�4è EGE;î .1
Åqª(~)�Ûè̂(

¥ÅF,¹ÆaÓ#Ö»j �zgZyÂx -
"3©5Ð

ö

GEG

GÂx

Zf´ZÁmZzg$�4è EGE~py»y .3 

$�4-
ö
EG
E

ZÁmZzgZf´$�4-ö EGEox .4
Ñc*âV~py»y "LUB" »È�**)(̈(

$�4
è
EGE»;îXÑc*yÆox .5

"DUB" »È�**
¯�zg (1-5) 10-^

(1-2) 10 ^
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GÂx

®Z�gCîg6,pyóÚz²VÐpyÅ**CV~B�DgLìX!*©pyÃÚqÝ7�C
Ékq-�Jgc*¯Zg}Å̂~qÝ�D�XZ#ëZLZèVÃ̄6,gnp��VÑc*âVÐpyc
ìÂëCk�8�pyËg;ìXtqìqÅÑbw�'�wÅ�PÁÆ®Z�zVÆ)z~�CìX

ZºZZzg�zCÙZ�zgZy 3.6

ëY���pyópyÅ**CV~cìX
pyÆ·îÆa�wÚpyÃB�@*ìX�w
Æfg)BH�ZpyZ¡IYÃ(ìZzgQzZ:
�wÃW@*45Ò5½è X

GGEtgZ3ÓxYâgzV~xË7�@*
»x@{�, (b) Zzg 11(a) Z[ë�ñ�^

~ËZq-`ÐÑz¬]�,  (b) Zzg (a) ÐX̂
¾zVÆ¶KyÆfg=WÐ(,_YNXZzgZk�zg
ZypyÆgZ3~ñ���VÅ¶K0+��Æ
KX

)Zy�zâVZDw~ZK̈ã�Æ�zu}�VÅ
Ì¶K0+��,(

»ñZi:ÙXZzgøDfsÎZÑ]Æ�Z[�ØX (Flow Chart) �zâVjeg^

Ä%û�ÆZ�VÐé�Z? (Pointer) ~W\»0*"2.ç JEH (b) Zzg 11(a) ^ m

~W\»0*"2.ç JEHÄ%û�wÐé�Z? (b) Zzg 11(a) ^ m

~W\»0*"2.ç JEHÄ%û[Z¡IÐé�Z? (b) Zzg 11(a) ^ m

¥ÅF,¹ÆaÓ#Ö»j

:ZºZ�zgZy 11(a)^

:�zCÙZ�zgZy 11(b)^

¯Í-¡ç FH}

Gills

Ñc*y
Artery

zgh+
Vein

Brain  �âr

Lungs

®

¤/�}

�v{

µ}

�PÁÅ®Z�4~ �w»ziy �»ziy Yâg»**x
7 750kg 1,50,000kg �z�
46 12-21kg 3000kg ;¶
76 300gm 60-70kg W�ò

1200 0-15gm 8gm Ãw"3ïHGH)6,0+{(

HW\Y��? !
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~Zq-�zgå�äÆapy�wÐZq-�%û·å 11(a) W\Æx@{Ðt!*]zZãì�̂
(Single circulation) Z¤/Zq-�zgå�äÆ�zgZypy�wÐZq-�%û·ÂZºZ�zgZy
(Double circulation) ¹Y@*ìXZ¤/Zq-�zgå�äÆ�zgZypy�wÐ�z%û·Â�zCÙZ�zgZy

»x@{<X 11(b) ¹Y@*ìX̂
Å.§
ö

E

Âx 3.7

HW\äÇh~~Lw�'Ö�gZ]½�̂äÆ�ZLczV»x@{H?�

Ck�Ç�øg}ó¯�`�X²),gÍV~czVÆ�V~ÎXaZ�ÏX
BCìX Edema tqª(LLZi+Zóó

øg}czV~ÎXYVWCì? /

6,Pâ�}Zzg¼ (Junctions) !*:VÐpyÆ·îÆ�zgZyZZ£à£â]6,
lZg~âO]ÌZÒ�ÑCå{�YD�XZyâ�zVÃ¦�ÆQÐ�zgZypy~Ñ**�ÇX
ëY����wÐBH�Zpy�ñ~z¬îV~ÐcìXpy�wÐÑc*âVJ-

Zzgz;VÐÄc*]J-cìXúV)!*:V(Ãkc*]�ÛZë�äÆakc*]Æ�B
py»(àzÄc*]Ð!*CÙÅY+$cìX;!*D(wë�X

s(wZq-ÂxÆfg=cì&Å.§öEÂxë�XZzgQt(w�z!*g{pyÆ·�~
zZ:W@*ìX

Å.ýpyZzg!*:VÆ�gxyZq-Zëg�Å§b»x�@*ìXTÆfg=¢zg~â�}
pyÐúV~ZzgZy%ZYâ�zVÃ3Ðpy~�Z4�D�Å.§öEÂxzgh+~ÂxÆáZi~�@*ìX�
!*:VÐ!*D(wÃ¦�Æzgh+~ÂxÃv�@*ìX
pyz{â�{ìT~̂kZzgâO]ÆfgZ]0*ñYD�XÅ.ýZq-Z(â�{ìT~%̂kÆpy
0*c*Y@*ìX!*D(w�gZÝÅ.ýì�!*:V~0*ðYCìXpyÆß�äÆ�âù)(àz(��[

B@*ìX (Serum)

W]�eJ�ÐÝ�D�)»^~W](Zq-BÅ§b»x�D�XZ#z{
iD�ÂÅ.ýÅ.§öE**CVÐB�äZzgÕ~Zzgzgh+zV~py�wÅY+$Õ~æ�QìXzgh+
Zzg

Å.§
ö

E

**CV~ñ��²£Ð.5åEypyÆ#³·îÃgzÈ�XëZ�)oV~Å.§öE�zgZyÂxÃ,Ð
7,³ÐX

¥ÅF,¹ÆaÓ#Ö»j �zgZyÂx -
"3©5Ð

ö

GEG

GÂx

:

Å.§
ö

E

Âx 12-^
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GÂx

"3©5Ð
ö

GEG

GÂx»Zg»Y: 3.8

Å»g~Æ�B«gÐe{�D� (limiting membrane) Z#q-ï~Z�xuz�~G
A$¿Ã»X�g7�ZX�g]äZkX»i�l�D�ñpg�|«g~Z�xÃ»H�Zip�
w�'�äÆ�.Þ�D�X

¡~îg6,w�'�@*ìZkw�'Ã',Zîãw�' (Protoplasm) q-ï~Z�x�Z�~¥ât
ë�XYèkc*]ZzgWx+?ç EEEât~)z~îg6,��D�X (Brownian movement)

q-ï~Z�x~ñ��t��{Îï~ÃÂxMï~Z�x~©�ZK̈âV~Ì',�ÛZgg3�H
(Protoplasmic currents) ìXøg}�ÆËÌ3Æ+?ç EEEâtÔ~Ãu�@*ìZzgZk~+?ç EEEâtØ,

~Ì0*ñYD�X (Nerve cells) w»]�D�X�¡úV
Mï~Z�x~ZâYÅÃÆaZq-F,¹c*Cë{ÃÂxÅ¢zg]�CìX

"3©5Ð
ö

GEG

G¿Æa«g~0*ãÃ (Sponges) ÐmgppzZáYâg�Z@ (Parazoans) cZiz÷
Ãw�'�ï (Flegella) ZEw�D�Xaè�gCîg6,0*ã»·îx7�@*ÂZ@ZLÎwV

�ñ0*ãÆ·îÃaZ�fe�X
)�;àgZó�T(�Z@Æ/ÚF,¹c*C�D�$ú{Dgnp�� (Cnidarians) �k,÷

B@*ìT~;L»¿Z�x0*@*ìZzg�ÆCÙ7Í/õ EGJ- (Gastro Vascular cavity) n¦z¬ð²Aªî XE

vGY@*ìX
»NÂxM�á}.Zg�@*ì (Fasciola hepatica) �(Platyhelmenthes) ¡�zX�

Zzg3ÃgZ�&îg6,Ç�{½ZàD�XZyYâgzV~Zy%ZYÂxCÙ3ÐZÐZ�~îg6,"»gâ�zVÃ¦
�@*ìZyZ�x~�»ic*�{F,zNÂxZzgZy%ZYÂxÐyZ�Z�@*ìX

(Pseudo ÐmgppzZáYâgzV~»f[q (Nemathelmenthes) Íw�z�Û
Æfg=½Zðâ�zVÃ¦�äZzg��ä~Zë÷Z�Z�@*ìX coelom)

gnp (Pulsatile vessel) z{�&Ð¬�gppzZáYâg��%²**à (Annelida) Z
"5Ò5å
E
GG
H
Z

��(àâ�zVZzgpyÆfg=ÃÂx~æ��îìX
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�@*ì�pyÃB�@*ì (Pulsatile organ) Wgêz7eZZ�x~F,¹0*�%²�
~cìZzgkc*]Ã!*:VJ- (Sinuses) �V6,pyópyÅ**CVÆOñgZ�&îg6,{à»V�s

gZ�&îg6,v�@*ì[ÂxÆfg=WxgZ�&îg6,!*:VÃ(ìX
(Open type of circulatory Zk§bÆ"3©5Ðö

GEG

GÂx�kc*]ÃgZ�&îg6,!*:VÃv�@*ì
î�zgZyÂxB@*ìX}Wgêz7eZóñÅi¹é)�2(ZzgZ�ÌL} system)

�zu~§b»"3©5Ðö
GEG

GÂxT~pyÆfg=!*�°{îg6,â�zVÃvHY@*ìZzgpyÅ**CV~c
)}@*gZT( Echinoderms ìÈ�zgZypy»Âxë�XZk§b»È�zgZyÂxZ"5Ò5å EGGHZó

Zzg�zu}Zd�gzÆ³Z**]X Octopus  }  Cephalopods óMolluscs

:(Blood Pressure) py»�!*î 3.9
pyÅ**CV~pyÃw�'�äÆa¤�ÜÅ¢zg]�CìTz�Ü$�4è EGE
iD�Â�wÆfg=½ÅYäzZà¤�Ü¹ic*�{�Cìípy�wÐ
Zf+~�Z4�@*ì��$�4è EGE~�zu~�PÁÆapy¦�@*ìÂ�!*î~¶
�CìX
py»�!*�Åå;BÆZz6,~{ÆÑc*yÐeöÅYCìpy»�!*��ÆZ

(Ð%Z�z{�!*î�pyÆfg=pyÅ**CV6, B.P �V~Z�@*ìXpyÆ�!*î)
zZµ�@*ìXt�!*îpyÃpyÅ**CV~X

py»�!*�¥x�äÆaË�Û� gzZV�äÆn$�4è EGEÆiäÐaZ�@*ìX
Zz�]~py»�!*�»ñZiZ:HY@*ìX]gZxe 6,Hg{ Æ�Æºmz

pyÆ�!*îÅeö�D�X eZË **òWáÐ (Sphygmomanometer)

Zk~�znÆ�!*îÅgi+j�CìZq-nÅgi+8-óZkz�ÜàYCìZ#¹ic*�{�!*�Æ�BpyÐ
(Systolic Pressure) $�4

è
EGEÐ!*CÙÀ_ìTÃZÁà�!*î

(Resting �@*ìX�zu~gi+8-qÑ]jy 120mm of Hg ë�XZq-Kâ�Zy�Û�~t
~àYCìZ#$�4è EGEpyÐ�z!*g{½YD�X&̄;îÆ�!*îc*Z]Oï�!*î Period)

�@*ìX 80mm of Hg ë�X� (Diastolic pressure)

¥ÅF,¹ÆaÓ#Ö»j �zgZyÂx -
"3©5Ð

ö

GEG

GÂx

Zq-B{py�wÐczVJ-ZzgQczVÐ�wJ-�̂@*ì�  ZK̈ãpyÆ�zgZãÂx~
¢a�/õJ�@*ìX 2 ]~ 60

�w»²�4ìX 60 ¿zß`Æfg=ZkîsF,+Ã,Ã�/õJ�äÆa

]gZxe 13 - ^

HW\Y��? !
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�Û�ÐZ�x�bYäzZá»xÅâÎÆÒpÐps�@*gLìX���ây py»�!*�
ZVDz�ÜóWgZx�Dz�Üóºz�ÜZzg¸Mz�ÜXZ,Z�ÛZ�ÎWgZxÆ�zgZyÌpy»�!*îic*�{gL�

Æ!*g}~ZL (Low blood Pressure) �]gZxë�X-]gZx (Hypertension) Z7
Z*�Ðn�!ìwÙX

:(Coagulation of blood) Z

+
A)é
E

E�py 3.10

�Ãin�6,pyðh~�k,J-cìZkÆ�Zq-uck̂â�{inÃ½�êìZÏ^k
ë�XZ¤/pyß:�ÂZq-gLinÐÌÚpy (B l o o d  c l o t ) â�{ÃZ+A)é EE�py

Õ4ìX
ë�X Thrombokinase Z#pyÕ4ìÂpyÅæV{%zV»Z�ÛZi�C�& l

~Thrombin 6,¿�ÆZj Prothrombin py~ñ���zu}â�} Thrombokinase l

ps��îìX
~Fibrin )�i�{qª(~�@*ì(6,¬ï�Æ**i�{ Fibrinogen Zq-Zzgâ�{ Thrombin l

$+w�êìX
»g�D�X (Clot) Æg8Z+A)é

E

E� Fibrin pyÅÀVÐ¶ l

Æg8inÆÃâVÐa%YD�ZzgZq-�zu}Ã�Ûd$q�X Fibrin l

ë�X (Serum) Å»g~Æ�Zq-ig�~âb(w»Z�ÛZi�@*ìTÃ��[ (Clot) Z

+
A)é
E

E� l

~HģìZLyÐWÙX K Z

+
A)é
E

E�pyZzgzN*ð

¥ÅF,¹ÆaÓ#Ö»j

êz� 6,zêz�

Ã$y Ã$âX

êZD»Ý

êz�

pyÅ**à~pyÅñ��Ï 14(a) - ^py»Z+A)é EE� 14(b) - ^
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4~»g�Y@*ìp¼Z¾m~zN*ð 6@*3 (Clot) ¬xîg6,ËinÐÕzZápy~Z+A)é EE�
Å¶ÅzzÐZ+A)é EE�py~@*í�CìXQCÕ÷ÅzzÐpyß7�0*@*ìXZknÆÚÃ K

Fg~¬xîg6,Z,�VÃÑh�CìXÆzZ+ZÜzu} Haemophilia ë�X Haemophilia

ÌZq-ZzgÂZgOÚìX�pyÐmg�rì¬]Æa Thalassemia Æ�ÛRģ�Zg�D�X
»_·�,X Annexuree

7�zV~ZâYÅÃù�Cì?   3.11

³ZâV~AàZdwÅZ�x��Æa¢zg~kc*]ZzgWxÅu',Z�
ÆaZzgCÙ³Zã7Í/õ EG~0*ñYäzZá**»g{)Zy%ZYâ�zVÅÃÆazW
"3©5Ð

ö

GEG

GÂxñ���@*ìX
H7�zV~Ìz(��@*ì6��zgZypyÆÂx~�@*ì?

ä7�zV6,�/H�è Van Helmont ë)oV~ë7,|`��
~ñ��n*]Ã0*ãÆfg=a%zVÐqÝ�D�Xa%zVÐ_.[��{0*ãZzgêV~»g��{½Z
z¬ðx%ñV~ñ��740î EIEZzgÒYÆfg=�v�VÃ�ÛZëGYD�Xa%zV~854-ö

EI
E
J

!*©�Ð%�/Å
Y+$(,f�²ãÆCÙz¬ðb%~%�/Ð�ÅY+$(,f�X

0*ã»Z+Cå EEEZ[ù�@*ì? 3.11.1

ëY���a%,èÐn*]Ã0*ãÆfg=_.[�C�X
Zk¿»§i»gHì? l

Ha%,0*ãÐgZ�&îg6,Ók~�D�? l

0*ãù_.[�@*ì? l

a%!*wÆfg=0*ã»Z+Cå EEEZ[

Zku¤/òÃZ�x�¶ÆaW\ÃZ��ñ!*%̀ZZzggZðÆ�VÅ¢zg]�CìX

Ã 15 - ^
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»x@{ÙXr~°�Åæ�Ðx@{ (Seedlings) 0*D�ñPgZð�} 4Z~»½6,%
Ù�a%Ð!*gq-�J§ú�854è

EG

GÇ̀�XÎa%ë�XZy6,'×h+!*gq-pg�|�854è EGG�C��
a%!*wBC�XZ4a%!*wÆfg=0*ã7�zV~�Z4�@*ìXZôoÐa%!*wÆzÃ

Æ�gxyZq-¢{0*ãeZw��!*�XZzgpg�ÎÐx@{ÙXa%!*wÅ**iu¡ Coverslip Zzg Slide

�-ZgzV»x@{ÙX
J-0*ãÅ·î~¿zß`Zq-Zë÷Z�x�êìXCÙY0+Zg3~zßYÂx�@* Xylem a%!*wÐ8k0î EIE

ìï~�-ZgÐa%Z�Z3ât»Z,4Óf8,k,GÆîg6,»x�@*ìn�~�̂»x@{ÙẌgÙ�a%
!*wÔè~¾§b�9YD�?W\�BÐ�a%!*w%0*�èÆfgZ]Æ�gxyñ��{à(Ã
=Ífe�XZzga%!*wÆZ§ZsF,~c*&�CìX

:a%ÅîàF,ZlT~a%!*wZzgi�F0*ãÆģÃec*�Hì 16  - ^

~¾Æ¶Ky0*ãÆÕÅ�ÃCD�X 16 â^:̂�
i�F0*ã¹ic*�{ñ¤]»²wìi�F0*ãï~gkÅ/Úic*�{c*�@*ìXZka0*ã¿

zß`Æfg=a%!*w~ñ��{CVÐ*g@*ìX
¿zß`Æ!*g}~)®)2Æ$LLöi)GÆfg=ZâYÅw�'óó»Z¬�{Ùa%!*w~0*ã»

�Z¼Ða%!*wÆ{a~â�}ñYD�@*�|úVÆ/Ú'×h+c*�XZka0*ãZkÆ
7,zÏ3~�Z4�@*ìXZzgz{3Ìc*�Y@*ìXWy%»g0*ã8h4-ö

EI
E
J

z¬îV~�Z4�Y@*ìXaèZk¿
~F®Z�~a%!*wZzga%Æ7Í/õ EGÑq-�D�XTÐ8h4-ö

EI
E
J

z¬îV~�!*îaZ�@*ì��0*ãÃZz6,Å
ë�X8k0î EIE~Üsa%�!*î� (Root pressure) �~ejìXZkå�!*îÃLLa%�!*îóóc*#-Aö EGE�!*î

Zq-Zëzz7ìÉtÜsZq-KìX²�zu}úZïÌZk6,ZW,Z0+Zi�D�XT»_·W\WÐ
)oV~,Æ�B�8X

',Z�ò7Í/õ EG
èÆfgZ]

i}ó0*ã
%�/{
�Zð{a
a%!*wÅï~�-Zg

8h4-
ö

EI
E
J**à

"ð7Í/õ EG
{aï~gk
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#-
A
ö

E

G

E�!*îc*a%�!*îÐH%Z�ì?
Zq-|~Îc*�Z7�Z³TÃCÙgzi0*ã�c*�H�Zn�ÃZq-T¢aRi}ÆZz6,Ð
»^³XQZq-»õÅ"Ãg',Åæ�Ð¢ï÷B!*0+Û6�̂~�3c*�HìX

Zzg�Å�#Ö7V�X»õ"Zzg�Ã�hDz�ÜZk!*]  ìwgì�»õÅ")jÅ
»ìwgO�"Ð0*ã!*CÙ:�XZ[ðhZ�0*ã»õÅ"~�VJ-eZB�0*ãÅR

Î�XZjZÏF,KM (M1) "ÆZz6,~g',J-WYñXZzg»õÅ"6,0*ãÅR»¶Ky
Î�X (M2) ]Æagh�ØXZkÆ�x@{ÙZzg0*ãÅR6,¶Ky 3@*2 ÷B

H0*ãÅR~HÃðZ���Zì? l

Zk¿Æ�zgZy8k0î EIE»H÷ì? l

Æ�gxy�Ût�~0*ãÅRÆZ��ÃCCìXYèa%�!*îÅ¯Y6,0*ãÅ M2 Zzg M1

R~»õÅ"~Z���ZX
7�zV~0*ãÅÃ»}4,x: 3.11.2

ë�Ù��a%�!*îÅzzÐ8h4-ö
EI
E
J**CV~0*ã»»Ý~nÐZz6,e�Y@*ìXp�Zz�]

¢aZz�ðzZá�g|#~0*ã�g|#Æu}J- 180 ¹ic*�{ZzgPñÈV~t#�@*ìX-b�
ù(�Ç?
W\ë)oV~Â��{rÃ�CÙZ�Xù0*à(£4è

G

GEÆZ0+gzã{
4�D�?z;V6,0*ãÆ¢}c*W!ggZ]¹VÐWñ?
ëY���Zk§bêVÆfg=zZµ�äzZáW!óÃ¿uc*yë

Ð{g`�@*ìZ# (Lenticels) �X0*ãÆêVÆ��ZzgàVÆ�;âV
êV~¿uc*yzZµ�@*ìXÂ8h4-ö

EI
E
J

!*:VÆZ0+gÚ0*ãÆ»Ý~5î»ZW,
¿�CìXZyz¬îVÆWy%~u}êVÆxyZ�)Æ (Pulling effect)

úVÐy}�ñ�D�XX~ï~gk�@*ìZka0*ã8h4-ö
EI
E
J

z¬îV
ÐxyZ�òúVÆ�-ZgzVJ-Ú�@*ìZzgz;VÐ�Zð{CV

aZ�@*ìX (Pull) ~ó0*@*ìTÆË~Zq-²�-CéGFî (Airspaces)

:a%�!*î 17 - ^

Clamp

»õÅ"
0*ãÅR
F,Zæ{�

0*ã

¢og',Å"

è

¿uc*y 18 - ^
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(Straw) Ú�Ó]æÅzzÐ0*ã»»Ý7IÒXZÏ{¤Å¯Y6,ëåËæz[ÃZ7Z
Æfg=&4/õ F

F

EÆ�zgZybCÙ{�Mh�X
Z[ëË�g|#~0*ãÅÃÂxÃ�BÐX0*ãèÐa%!*wÐ¿zß`Æfg=_.[�@*ìX

Zzgt8h4-ö
EI
E
J**CV~(ìX
�a%ó�ZzgêV~Zq-Ú**CV»Âx¯D�X�V6,0*ãó0*�cY~{g`�@*ì¿ó

aZ�@*ìXZzga%�!*înÐ¼uJ-ejìí Main pull ÆËZz6,ÅY+$Ð0*ã»Zë5î
�@*ìX (Transpiration Stream) Úv�@*�Z0*ã»»Ýª§c*y»·î

¿uc*yZzg!*glÆ�gxyHÃðģ�@*ì?
Æ�g|#Æfg= Oak 7�}Æfg=v�äzZÑ0*ãÅlZgÌ�.ÞÒp�CìXVwÆîg6,

{0*ãÃ¿uc*yÆcY~{g`�@*ìXZk¯Y6,ÍCgK~ñ���ZÆ̀Z| 900 Zq-�y~½ã
6,ZW,Z0+Zi�@*ìXZ#�ZÅñã½ã§�{�ZÃÍC´ºJ-ÑC�Âtå§�{�YC�Zzg
!*gl',�C�X¸zz45Âî XGÍC´º~�ÛR´̧VÆ£«ic*�{!*gl�CìX

nã¤]ÅÃ 3.11.3

W\Y���7�zV~kc*])¯VZzgpg�kc*](Æîg6,nã¤]¢zg~�D�X�
èÆ(wÐa%zVÆfg=qÝGYD�Xtdà',¹gzZVÆ̂~�D�XÎe*³gZà

',¹gzZVÅ̂~�fXpt��{Óf So  Zzg Mg2+(MgSo4)
!5½54o-

ê

G

Y
E
G
I
GÜ Cl- Zzg Na+(Nacl)

Æfg=a%!*wÐZ+Cå EEEZ[7GYNÐXZk»xÆa3âtÃÂZ**ð»ZEw�**�ÇXTÆ0
W\Z�)oV~_·�,Ð��ZygzZâV»Z+Cå EEEZ[¿~W@*ìt8h4-ö

EI
E
J

z¬îV~v�YD
�Zzgz;VÐ0*ãÆ�BÆZ%Æ£â]J-�̂D��V6,z{%Æ¿~ZEw�D�t
YÑ�~8k0î EIEÐÒJ-Ìv�Mh�X%Æ¿6,ZW,Z0+Zi�äzZá¡~úZï~ÐZq-nã
¤]Ì�D�X

{0*ãv�@*ìX 15 7�zV~¿uc*yÆfg=H0*ãv�@*ì?å%0*c*�Zh»7�Z°ß
{0*ãv�@*ìX̀ÆñÌ~Wx»Zq-(,Z 13,25,000 Zq-Z�hÆE~Zq-Î�yÆ̀Ð

{0*ãv�@*ìX 3500@*750 �g|#Zq-�y~

¥ÅF,¹ÆaÓ#Ö»j
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7�zV~½ZðZâYÅÃ 3.12

7�zV~{m�êV~½Z»g�CìX�]p�Vt½ZÓxi0+{úVÃ{m
�dw%0*äzZáúVÆ!*©½Z»fí{�äzZáúVÃv�ãecXí

~8k0î EIEZzgÒ�D�XZzgt!*©�~ÌÚ0*ñYD�X (Veins) ÆgÍV
Æfg=v�CìXÒÆí (Phloem) øDfs�!*]Ðto]Mì�½ZÒ

.e$�gL�D�X»�t�**Zq-W�y!*]7 (Sieve tubes) �Zg**1V
gzÄ�VÅæ�Ð7�zV~½ZÅÃ»_·HX (Aphids) ìXâCÙ+§»]ä
7�zVÆàVÆZ§Zs}Å̂~�R�ñ7�zVÆgkÃ�g (Aphids) W\�Ù��tgzÄ�V

½ZqÝ�D�X
Æfg= (Proboscis) ZKDÎðú�|#LÎ&+ó (Aphids) 7�zVÐgkÃqÝ�äÆat

Ãâg��Å²èF,Zl»Ngx@{�ä6,Î&+ Aphids 7�}ÆúV~ß¯D�Xgka5�ñ
ÃW@*ìX�ÜsÒÆí�Zg**CVJ-��Z4�@*ìX7�zVÐgkïw��t�ä~ÌÎ&+t

�gW!»xW@*ìt�/øDfs§hV~Z�x�c*YYìX7�zVÐ½ZqÝ�Dz�Ü Proboscis

ÒÐa%ZgìXaèÒ Probosics Ãâg�ZôoÐZn�ÃZk§be{�B�ZeÅîÎ&+ Aphid

ÆÐuÐ¢{/ Probscis Æí**CV~½Zðâ�}¼�!*î~�D�Zzg½Zð(wW×ÐÎ&+
¢{$ìXZy¢zVÃ¦�Æ�tHYYìZk(w~]ZzgZ�F,Ú0*ñYD�ÒÐA]

Honeydew _.[�D�z{ÓxZEw7�MhÉâùÅ̂~ZêÞiÐ!*CÙ{g`�Y@*ìX&
ÐOW,íZÒn�D�X Aphids ÅzzÐ Honeydew ¹Y@*ìZk

W\ä�¬�Ç�LL�g|#ÆW�ñÐic*�{Yw�ù�äÆ
!*z��Ìz{�g|#i0+{gLì?tùeì?ÒÆfg=]ÅÃÃU*"$�ä
ÆÇ~»ªCÙ�äJ-�Å3wZ@*g�'×h+�!*]Z�x�}Mh�XËã
Æ%�/Ð!*CÙÅY+$ÓxúVÃ�VJ-�ÒÃÌIÅ̂~�ÑCå{ÙX

Î&+

Aphid

8k0î
EI
E

Ò

»½ZqÝ�** Aphid :7�}Ð 19-^
Yw

%¼uJ-

%7�Z   

:�ÐYw»Iï%6, 20-^
(Ringing Experiment) Iú�/
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P�y��t�ä6,ØÇ�ZkIÅZz6,~z~½Z¦�ðìX²{~Z(7�@*X¼�y
Æ�x@{�ä6,¥x�Ç�I»Zz6,~z�ÜZzg{~Ãð%7�@*Xª�ÆZ§ZsÒÃvy
TäÐ�a%zVJ-½ZÃ7àYíz{�g|#%Y¨X

t|çÙZÌÌgBbì��¬î#/õ EG�h+u�-VÆ�âV~½ZÅ¶Æ�zgZy�g½VÆ
)aì�gL Voles YwÃë�Ò~fí{��{½ZqÝ�fe�XZk§bi}ÅR6,

gLâ&�g½VZzgy%Íl(,}�g½VÃvyàD�ZkaÍ]Æ (Voles) ¬î#/õ EG(
�yy%ÍØVÃ�Z4�äÐgz1Æa6�g½VÆZ§ZsYà»ZOx�D�X

qÅw�'�wÅ�PÁÆ',Z',�Cìë%ËWáÆZEwÆ�wÅ�PÁÃÑg7�MhX m

ä«%ûZd-£43ð HGGZj\Ã�gc*ÄHX Rene Laennec m

�w¤/�¡Ó40î GEG**ò�z9£Ò3ð EGVÐyZ�@*ìXZzgZk~¤/�̄(w0*c*Y@*ì��wÃ}n�áuÐôp m

g�rìX
�wÐ�ÜpyÅ**1Va%~�C�XZzg©Zzg�èc*yBC�Zzg&Ô.ç EGKMKãZ¡IYÃpyàC m

ìX
pyÅ¡**1Vzgh+,���Æ�VÐpyÃÑC���zgh+,�ÒÐpyÑC�X m

�wÆeg{ä�D�Zz6,~�zQf+Zzg�z$�4è EGEBD�X m

�zgZyÂx -
"3©5Ð

ö

GEG

GÂx

óQf+ó$�4è EGEóqóÑc*yózgh+!g.
üZ»g)Z_54-�ð HGGZj\(Wzg©óÄc*]ó (Circulaion) �zgZy

ZÁnó;îó¯�zgópy»�!*îóÅ.ýóZºZ�zgZyó�zCÙZ�zgZyó]gZxeÔZ+A)é EE�pyó6,zêzÎóêz�ó
Ã$yóÃ$EXóa%!*wóñwÔa%�!*îómCkc*]ó8k0î EIEóÒÔz¬ðx%ó

¥ÅF,¹ÆaÓ#Ö»j

ã~ZÖp
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Zq-Y+$ÆQf+Zzg$�4è EGEÎQf+$�4-ö EGEgziyÐa%}�ñ�D�X m

Qf+ÎLLQf´ÃÝóóZzg$�4è EGEÎLL$�4-ö EGEÃÝóóÆfg=�ÑCå{GYD�X m

Zf+$�4-ö EGEgziyÆ�«Æaox�D�toxWzg©Zzg�Ñc*y~Ì0*ñYD�X m

�w»�Zc*VzpyÃ�ÐqÝ�ÆµzVÃà@*ìX m

�w»!*c*VzpyÃµzVÐqÝ�Æ�Æ�vZ¡IYJ-à@*ìX m

pyÃÓx�ÐqÝ�CìXÎZñ�Ñc*yÆzgh+,)W
±o-
B-
ö
GE
EpyÃÓx�Ð M

±o-B-
ö

GE
E Ñc*3 m

qÝ�C�XÎZñ�zgh+Æ
�w»Zq-%ûi**ZzgAl̄�zgB@*ìX m

Z¤/pyKãZ¡IYÃîÐ¬ÜsZq-%û�wÐ*g}ÂZÐZºZ̄�zgZy¹Y@*ìZ¤/py m

�z%û�wÐÏÂZj�zCÙZ�zgZyë�X
Å¶ÐpyÆZ+A)é EE�~@*í�CìX K §& m

7�}i�F0*ãÃa%zVÐ¿zß`Æfg=_.[�D�X m
8h4-

ö

EI
E
J**CVÆfg=0*ã²ÒÆfg=½Zðâ�zVÅÃ¿~WCìX m

7�zV~"3©5Ðö
GEG

GÂxZzg¿uc*yÆ�gxyģ0*c*Y@*ìX m

Æfg=�D�X Aphids âCÙ+§»]ÒðSV»_· m

(ASI)
"3©5Ð

ö

GEG

GÂxÐH%Z�ìÏMY0+ZgzVÆat¾§bæ�ÇgU*"$�@*ì? X1

(ASI) pyZzgöi)~Hģì? X2

(ASI) Ã́pyÅ**1V�wÐpyÃ�C�? X3

(ASI) øg}�~Ã́&nÅZë�ñ~z¬N0*ðYC�? X4

(ASI) ZK̈ã�Å�&Ð(,~Ñc*yÃ́ì?Zzgz{�#Ö~YV(,~�Cì? X5

(ASI) ÆapyáYCì? (oxidation) Ã́�ñ~**à� X6

(ASI) Zy�½VÆ**xC��zgh+ZzgÅ.§öE**CV~0*ðYC�²Ñc*âV~)ñ���C�? X7

(ASI) ÆHZEÑ]�D�? (Platelets) pyÅÀV X8

(ASI) øDfsÆÎ�Ûte�X X9

Ò- 8k0î
EI
E (c Ñc*y - zgh+ (b ;î - ZÁn (a

(ASI) 7�}¿zß`Æfg=a%!*wÐ0*ãùqÝ�D�? X10

(ASI)
#-
A
ö

E

G

E�!*îHì?Zzgt7�}Æa¾§bæ�Çg�@*ì? X11

(ASI) �YâgzV~Ò½ZÆJ}�XW\Zk!*]Å¤&¾§b�zÐ? X12

ZLZõ[Ã�Ûzr�Ø
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¥ÅF,¹ÆaÓ#Ö»j�zgZyÂx -
"3©5Ð

ö

GEG

GÂx

(ASI) n�ñ�QÃ7,ÛZzg»Æ�VÆ**xÉÀ£4/õ JG? X13

ëäx@{H��wZq-WC�|#ì�eg{âV~Ë�@*ìXz{�|#��z{âVÃ�ÑCå{�CìÃÝ
B@*ìW�Z[ë�w~ñ��ÃÝÆ**'×��,ÐX (Septum)

_____________________ �zZf+Ã�ÑCå{�äzZÑÃÝä**x (a

_____________________ �z$�4è EGEÃ�ÑCå{�äzZáÃÝ»**x (b

_____________________ Qf+Zzg$�4è EGEÃ�ÑCå{�äzZáÃÝ»**x (c

BC�XZ[ëQf+Zzg$�4è EGEÃ�häzZágziyÃ (apertures) ÎgZc��z{âVÃ�hCìgziyc*ÎgZc
**'×��,ÐX

_____________________ �ZNZf+Zzg�ZN$�4è EGEÃ�häzZágziy»**x (d

_____________________ !*NQf+Zzg!*N$�4è EGEÃ�häzZágziy»**x (e

z{�|#�gziyÃÈ�CìZzgâ�zVÃÜsZq-��~w�'�ä�îì²£Ð.5åEyc*oxBCìZ[

ë�wÆ{âV~0*ñYEZá²£Ð.5åEyc*oxÆ**x�ÅÃÒ�8X
_____________________

²£Ð.5åEy�!*NQf+Zzg!*N$�4è EGEÆ�gxy�D�X (f

_____________________
²£Ð.5åEy��ZNZf+Zzg�ZN$�4è EGEÆ�gxy�D�X (g

(AS2) Z¤/czV~ñ��zgh+Æ²£Ð.5åEypyÃÕÐgzÈ�ÂZmHZW,Z]�Mh�? X14

(AS2) Z#a%!*wÆï~(w~¹ic*�{%6gzZV�ÂH�@*ì? X15

(AS3) )Z

_54-�ð
H
G
G

Zj\(¯c*?Zm»g~»§i»gs? äö8Å"Zzg»½Æ\áÆfg=!g.üZ»g (John) Yy X16

(AS3) W\tùU*"$�8�0*ã740î EIEÆfg=v�@*ì? X17

(AS3) 6,�!*]Ð0W\äÁ}òÃZ~.H? Aphids X18

(AS4) pyÆ�!*îÆ0ZLyZzg�z�&Zx[Ð¥â]qÝÙZzgZé¡Æ)bÐ0Zq-g7ĝs? X19

(AS5) {�Z@*g�XZzgZyÆ�gxy�Ûte�? (Block) ZºZ�zgZyZzg�zCÙZ�zgZyÃCäÆa�u X20

(AS5) {�Z@*g�? (Block) a%Æfg=0*ã»Z+Cå EEEZ[ZzgêVÆfg=¿uc*yÃªCÙ�D�ñZq-�u X21

(AS6) �ñ~z¬zV~"3©5Ðö
GEG

GÂx»W\¾ÐñZi:�,Ð? X22

(AS1) ÐH%Z�ì? Haemophilia X23

(AS7) �wÅ�PÁÃCäÆaZq-»gIy»gÙ? X24

(AS7) Æ0HZôïD+ZÛCî? Edema Zk$Ã7,"Æ�W\ZL),gÍVÃ X25

{à»VÃ6,Ù
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¥ÅF,¹ÆaÓ#Ö»j �zgZyÂx -
"3©5Ð

ö

GEG

GÂx

( ) óóZK̈ã�Æ¾�ÆaZEwHY@*ì? Cardiac ÂLL X1 

Äc*] (d Å.ý (c zgh+ (b �w   (a

( ) ZK̈ã�wÅ¾Y+$WxÁ�@*ì? X2

�Zc*VQf+ (d (!*c*VQf+ c �Zc*V$�4è EGE (b !*c*V$�4è EGE (a

( ) �wÅÃ́�854è
EG

GpyÆ·î6,NzwgBb�? X3

Capillaries (d
²£Ð.5åEy (c zgh+, (b Ñc*3 (a

( ) qgzfs~ÐÃ̈KÒy9ì? X4

gz~ä¹�8k0î EIEZzgÒZq-�zu}ÆZz6,"ú�|#Å§bF,KM�ñ�ñ�D�X (a

(�ä¹�8k0î EIEZzgÒZq-�zu}Ða%�"ú�|#¯D�X c Yyä¹�8k0î EIEZzgÒ�ÑCå{"ú�|#ì (b
CÙ~ä¹�Zé�|#Å¯Y6,ëZ7"ú�854è EGGë�X (d

( ) ~9�3ð FE�7�}ÐgkqÝ�D�X ________Ã (Proboscis) ZLÎ&+ Aphids X5

z¬ðx%ó (d Cambium(c Ò (b 740î
EI
E (a

The Rhesus Factor g�¬ï
(Rhesus factor) ßÍV~0*c*Y@*ì�g�¬ï 85% �',¤6Æ (Antigen) pyÆucúV~Zq-Zzg¡iZ

B@*ìXaèt«%ûg�âqÆÈgzV~�gc*ÄH�HåXXßÍV~t¬ïñ���@*ìZ7g�µ
ë�X¬xîg6,ZyßÍVÆöi)~ZÏ¬ï» (Rh-) ZzgXßÍV~t¬ï)ñ���@*ìZ7g�t¬ï (Rh+) ¬ï
pyvHY@*ìÂ¡§�»g�D�XZzgt Rh+ ¿Æpy~ Rh- (70*c*Y@*XpZ#Ë antibody ¡Z�x)

ucúVÃn{�äÅ&¢Agnp�X�ºmqÑ]~tâñß��VÆaç**uU*"$�@*ìX Rh+

�äÆZk**]�XaZöÆz�ÜâVÐaÃ�zgZypyÆ Rh+ úg]Ð�Â¼a Rh- ¿Å�á�~ Rh+ Z¤/
�Â Rh+ ¿~å�z§bÆpyZÜzu}Ðé3D�XZk§bt¿LLÜÆ�zgZyÌ�YìXªZ¤/^

Rh+ ZjpyÆ¼lZgâVÆ�zgZypy~�Z4�YCìXíâVÆpy~¡Z�x»g�D�XâVÃ'×h+ZzÑ�Z¤/
�(�ÂCÙZq-ÜÐâVÆpy~¡Z�x(,|YD�X�Zz�]t¡Z�xaÆpy~�Z4 Rh+ )¢zg~7�Óx

tplë!*]ì�Zk§bÆzZu]ZÒ7�DXZ# ��pyÅ¶Åzz�W�Zzg�Zz�]ñ]ÌzZµ�$ËìX
úZïÆ¡Z�xÐ0*uz�spym%JD Rh Zk§bÆqÑ]�g7�ÂeZËZkaÐÓxpyÃv�ÆZkÅ(

�XZ[Zk§bÅpyÅÃ»¿aZöÐIÌeìXZq-Zzg].h+2Æ_.«icǢg~�Zq-Zb�n
úVÃdw�äZzg¡Z�x»g�äÐgz»YYìX Rh+

9�Z[»ZN[Ù

1- e
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�zgZyÂx -
"3©5Ð

ö

GEG

GÂx ¥ÅF,¹ÆaÓ#Ö»j

(Thalassemia) 
(£Òo-.5é
G

GG

(Anaemia)
(£Òo-.5é
G

GG�gZÝZq-ÂZgOpyÆucúV~å�ÎÅ¶Ð�ñ~Úì8g)4è E
GÐ�h+pyÅ¶

Ñh�CìX
(£Òo-.5é
G

GGÐOW,%!~WxÃv�äzZÑr3�î EEå�Î�góÁ0*c*Y@*ìX
(£Òo-.5é
G

GGÆ�zZlx�D�X
(gC
(£Òo-.5é
G

GGXCÙZq-n~å�Îó6,z�ÆZ{~Ú�@*ìXc*
².-£Òo-.5é
G

GGÐOW,%!~´� 2 (ZÖ
(£Òo-.5é
G

GG 1

8o/õ EGpyÅ¶ó®ZzgØ»Aló®tÆic*�{ñZµóN%óÞZzgAc*VZzg�w»ú
(£Òo-.5é
G

GGZzgP�ë
(£Òo-.5é
G

GGZ�ðµÂZgOpy»ÚìX l

�(¯
(£Òo-.5é
G

GGÐOW,ìX 250 W!*�~) 4.5% �*Æ l

gppzZá�X (Abnormal Gene) �Z�ÛZ�(£Òo-.5é
G

GGÆ)©àå 35 yz*y~ l

âiZZ+aå�ÎÅ¶ÅFg-VÐaZ�gì�X 1,00,000 Zq-Z0+Zi{Æ_.�*~CÙ�w l

a
(£Òo-.5é
G

GGÆ�BaZ�gì�X 10,000 - 12,000 øg}o~CÙ�w½ã l

ZyÆvÆZk**]¼�pyÅÃZzgËZ�zc*]6,Z®g�X l

óúZx~o�&ÅgÅËZg~Æfg=Zk (Test) �á�~ÐIóÜÆjäÐIZzgÅ̂aZöÆ�Yõ l

»ZZ�HYYìX Fg~
´`:

�h+
(£Òo-.5é
G

GGÅøáIZiz�ÜÅYñ@*�%Zzg�zúÆ¬�w~�%Æ)bó**iuAc*VZzg®tÅgzuåx�
ÐÁ�c*aÅ%Zzg�zú~¶ 70% ÃXâñß�aÆå�ÎÅRZzg�zú6,SàÃgOXZ¤/^~å�ÎÅR

Å´�ªCÙ�ÂÚpyÅÃ�´`»fg=ìX
¤/Zx6,{',�ÛZgǵìXZÒZk»x 115 - 120gm/ltr Æ_.Zk´`»Ñ°{py~Zz�å�ÎÅR WHO

Æ�weg@*WJàVÆz9~%6uc8o-.ð EGVÆpyÅÃÆfg=�@*ìX
ÃZq-¿Ð�zu}¿~v�Æ(£Òo-.5é

G

GG6,gzuåxÎc*YYìX (Stem cells) W`Æ�zg~ZÝ_.q7Í/õ EG
vG (Stem Cells) gnp�ÂZyÆZÝ_.q7Í/õ EG (HLA Type) tÑiòì�OW,{¿Æ¸ðc*Ç��z!*Ä

¹Y@*ìX Bone Marrow Transplantation YD�TÃ

2 - e
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Z+Ãð1~7ì�Zgâ�zVÆZy%Z`Æ%ËqÃ»g�$Ë�Xs!*]øg}�ÆaÌ
��tWCì�Zq-ï~1~ìXt!*]ZSb�zu}�ÇVÆaÌ��tWCìXF�ÇVÆ
�Ð0*È~z9ÐÃ�â�zV»Zy%Z¿̀~W@*ìX
Zk¿ÅzzÐFÎZÑ]Q½�WD��

Ã�â�}¹V»g�D�? m

s¾§b»g�D�? m

Qy~Ã́ZâY0*ðYC�? m

HZq-���~ZqÑ]~Zyâ�zVÅF,IZ�ÏX m

W�PZ,�ÎZÑ]ÃKÅÃÒ�8X
Y0+ZgZ�xÃZK�YÆaZzgZu¤/xVZ�x�¶ÆaÂZ**ðÅ¢zg]�Cì�KãZâY

(Catabolism) c*ZyZâYÆIUªCRAw (Anabolism) Åy~ªy~Aw
I - ].zw

&] õ qw §CZ
Mð@*; /

¿w /

¿;L /

!*[
4

¿Zy%Z`

¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

Excretion 
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¹Y@*ìX��Aàu¤/ñVÆaZZâYÃZEw (Metabolism) ÆaXÃù¦îg6,Aw
�D�Zy~Aàu¤/ñVÆ³~Zõ&]aZ�D�XW\qgzfs§C¿ÅzzÐ»g

~ÉÀ£4/õ JGX 1- �äzZáõ&]Æ**x].zw
�vu¤/ñVÆa��ZLÃµõ&]ÃZEw~ÑD�? m

z{Ãµõ&]�XÃ�ÐZy%Z`:�ä6,vy(ì? m

Z¤/CÙgziøg}�ÐÃ�â�zVÃ{g`:�,ÂH�Ç? m

ësJ`��ZAàu¤/ñVÆ�zgZyFnÆZâYaZ�D�XX~Ð¼��Æ
av0+{Ì�D�Z+ZâYÃZêñVÐc*Â{g`��c*Y@*ìc*QyÃ�zu~^~fí{��c*Y@*
ìXtÓxÃ�â�}��Æ�~aZ�D�XëZk6,c�`��¾§b��Mð@*;
ZzgwÆ�zgZy{g`�äzZáÃ�uVÐÖgZ0*D�Zn´z{�vAàZdwÅzzÐ**>zÂ
Ã�â�}aZ�D�Î#óiZZ+0*ãZzg�zu~ZâYÆ�B{g`�D�X

¿Zy%Z`Ð%Z�z{Óx§»C¿�TÆ�zgZyÃ�â�}�Ð�ÑCå{Zzg{g`GYD�X
óóÆpv�äÆ�( Crenere óóÆp!*CÙZzgLL Ex )ÑHi!*y~LL

W�Z[ëZK̈y~¾§bZy%Z`»¿zZµ�@*ì_·�8X

ZK̈y~¿Zy%Z`: 4.1

ZAàu¤/ñVÆ�zgZyFnÆ¬5]zZµ�D�XTÆ�zgZyF»gWæZâYZzgÂZ**ðaZ
�CìXZn�B�BFnÆÃ�iCÙYâ�}ÌaZ�D�X0*ãÅlZg~Z���YìZzg�

(OW,�YìXtÃ�â�}ó»g0eZðW�àó0*ãó**>zÂ Homeostasis ~gzZãÂZiy)Z�Zw
ZzgiZZ+#z){6,��D�XZy (Bile Pigments) %·]8o/õ EGZñ*ó-gc*ó-guF,�ó1$ßy�Zä

ÓxÃ�Aàõ&]~�&Ðic*�{ç**uõÝZñ*�CìX
sÃ�â�}¹VaZ�D�XZæ�ù±�@*ìXZkÆaHÃð§iñ��ìTÐZy

Ã�â�zVÅøg}�~ñ��Ï»Ø`c*Yn?
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(Department of Bio Chemistry) %§C6Y 2- ].zw
)py(Å�c*Cg7g^ (Serum) / (Plasma) öi)

(Range) uz� -.$ (Result)³ »**x Yõ
60 - 100(GOD POD)

135 - 145
3.5 - 5.0
95 - 106

15 - 40
0.6 - 1.5
3.0 - 5.0

150 - 200
60 - 200

8.0 - 10.5

3 - 4.5
0.1 - 0.8
6.0 - 7.5

3.0 - 5.0

mg/dl

mmoles/L
mmoles/L
mmoles/L

mg/dl
mg/dl
mg/dl

mg/dl
mg/dl
mg/dl

mg/dl
mg/dl
g/dl

g/dl

82

137
4.10
101

29
2.8

7.50

221
167
9.40

4.50
0.70
7.20

4.60

Glucose Fasting

(Sodium) Îe*
(Potassium)ô 7N*
(Chloride) ³gZà

(Urea) -gc*
Creatinine

(Uric Acid) -guF,�
Total Cholesterol

Triglycerides
(Calcium)y

(Phosphorus) Ã`gk
Bilirubin (total)

Total Protiens

Albumin

(Department of Bio Chemistry) %§C6Y 3- ].zw
Å�c*Cg7g^ (Urine) %O[  

(RANGE) uz� (UNITS) -.$ (RESULT)³ Yõ&§i
<100 mg mg/day 90 24 hrs.Protein

1-2 mg/day 2.7 24 hrs Creatinine
Up to 200 mg/day 305 24 hrs.Calcium

upto 1g mg/day 0.8 24hrs.phosphorous
upto 600 mg/day 800 24hrs.uric Acid

ELECTROLYTES   
125-250 m moles/L 140 Sodium
25-100 m moles/L 50 potassium

100-600 m moles/L 180 Osmolality (calculated)
50-80 mg/dl 65 Glucose

120-130 m moles/L 128 Chlorides
20-30 gm/day 35 Urea

m moles / L means millimoles per litre,  mg/dl means milligram per deci litre
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~�Ø�Zq-¿ÆpyZzg%O[Åg7g^»x@{�ÆeN�pyZzg%O[�zâV 3 Zzg 2 - ].zw
~ÃyÃµZb%ZY0*ñYD�X

á� (Sample) %: 100-150ml [RV~Z���{À%O[» 24 ]»%O[Æ<Ð%Z� 24)

ZkÅYõÅYCì(
g7g^»x@{<ZzgqgzfsÎZÑ]Æ�Z!*]�£X

z{Ãµâ�}��py~0*ñYD�? m

z{Ãµâ�}��%O[~0*ñYD�? m

z{Ãµâ�}��pyZzg%O[�zâV~0*ñYD�? m

%O[Zzgpy~**gïRÐiZZ+Ãµâ�}0*ñYD�? m

**gïRÐiZZ+â�}Z¤/ñ���VÂtHªCÙ�D�? m

øg}�ÐÃ́ZâY»Zy%Z`¢zg~ì? m

ZyZâYÃ¹VÐ{g`HY@*ì? m

z{ÃµZ¡IY��Zy%ZYâ�zVÃ�ÑCå{�D�? m

C��Ã�â�zVÃ�Ð{g`�**¢zg~YVì? m

øg}Zy%ZYÂxÅ�|#ZzgZdw»_·ZkÃK~æ�ÇgU*"$�ÇX
ZK̈ãZy%ZYÂx 4.2
ZK̈y~Zy%Z`»¿1àZy%ZYÂxÆfg)zZµ�@*ìX�Zq-�h¤/�}óZq-�hq(̈

~ 4-� 6,��@*ì)6�̂ (Urethra) ZzgIw (Urinary bladder) óV:ó (Ureters)

ec*�Hì(XZ[ë�}&�ñÆ¤/�}ÅÛzãZzgZ0+gzã�|#»_·�8�ZK̈yÆ¤/�}Æ
ZdwÆxË�@*ìX

¤/�}ÅÛzãZzgZ0+gzãS:]»_·�** Ñ:
âewó! 3 D �[Æ;VqÝG��}&�ñ»@*i{%:c*¤/�{» �g»gZâY:

óZq-0*ã»dàX (Tray) óÏ (Scalpel) e¸
¤/�}Ã�/Ç{~ÑäÐ¬Zh§b�ðB@*�Zk~ñ��py7g~§b x@{»§i»g:

ÐòYñXQZk¤/�}ÃÏ~gOZzgZeNgx@{ÙXZLx@{Ãâ^,-~sX
�}»¤/�{ 1 - �̂

¥ÅF,¹ÆaÓ#Ö»j¿Zy%Z`XÃ�â�zV»Zy%ZYÂx
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ZLZ*�ÅgÚ~~!e¸Æfg=¤/�}ÅîàF,ZlBXZzgQ¤/�}ÅZ0+gzã�|#»x@{ÙX
Ð».ÞÙX 2 Zzg 1- W\ä�x@{HZkÅ̂Z@*g�XZk»�̂

¤/�}Å̂tì? m

¤/�}»g8-÷ì? m

H¤/�}ÅZz6,~R6,Ãð|�ñ��ì? m

ÐxËì? 2- H¤/�}ÅZ0+zgã�|#^¹Í--.ç
IE

E m

¤/�}ÅîàF,Zl~Ûzãz»g8-÷ì? m

¤/�}ÆîàF,Zl~W\�ZÈgZg8-¹V0*î? m

¤/�}Æ3çÐX**1V!*CÙÅ§sWg��? m

Ð�ð**:ÈBX (Antibacterial Lotion) Æ�ZL;BÃ%̀Z�¿ß× (Dissection)Æ
Z[ëZK̈ãZy%ZYÂxÅ�|#ZzgZdwÆ!*g}~¥â]qÝ�8X

:(Kidneys) ¤/�} 4.2.1

Æ�}ucg8-Æ�D�XÍ²Aªî XE~  ZK̈âV~¤/�zV»Zq-�h0*c*Y@*ì�®ÅÕ@Å̂
J�-ZgÆ×~{~Zq-Zq-¤/�{L~2yÆ�zâVY+$0*c*Y@*ìX�Zc*V¤/�{/Ú!*N¤/�}Å
RÆË�gn�@*ìXÎ8/õ FGZ(YVì?

®Åñ��ÏÅzzÐ�Zc*V¤/�{/Ú!*N¤/�{ÅRÆË�gn�@*ìX
ª�Ü�@*ìXCÙ¤/�{ÅÛzãRö[ZzgZ0+gzãR!©�ç G�CìX 4 ªahZZzg 6 - 5 ªMó 10 ¤/�{

c*(Fissure) W��/Ç{ÆrÆWy%~ÆÎZwÃc*�Ù8g)4è E
G¤/�}ÆZ0+gzãR6,Zq-3ç

�@*ìTÆfg=¤/�z~Ñc*y¤/�{~�Z4�CìXZzg¤/�z~zgh+Zzgq(̈ZÏ**sÆ (Hilus) **s
fg=!*CÙÇ̀ìX¤/�z~Ñc*yW±o-B-öGEEpyÑCìT~Ã�â�}0*ñYD�XZzg¤/�z~zgh+)W±o-B-öGEE

pyáYCì�ÆZZ¡IY~aZ�äzZáÃ�â�zVÃ¤/�}Z�Æ�ÑCå{�D�X

¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

�}Æ  2 - �̂
¤/�}ÅîàF,Zl
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:1àÂx 4-�̂ ¤/�zV»Yñz̧q 3-�̂

¤/�}ÅZ0+gzã�|#: 4.2.2

¤/�}Å�|#ÃKÆaë¤/�}ÅîàF,Zl»_·�8X¤/�}»Ûzãz�}ucg8-»
ë�XCÙ¤/�{ (Medulla) ë�XZ0+gzãz¯)g8-»�@*ì&£q (Cortex) �@*ì&"{

�(pg�|¡"ú�!ZzgPCZ»×V0*ðYC�Î1à 1.8@*1.3 ~½ãZq-�ÐiZZ+)
ë�X (Nephrons) c*"3«ç EGEZy (Uriniferous Tubules) **1V

:
"3«ç
E
G
E
ZyÅ�|# 4.2.3

z){0*ñYD�X (Renal Tubules) Zzg�zuZ¤/�z~**P (Malpighian Body) CÙ"3«ç EGEZy~âÅ§Aö
E

E�

:(Malpighian Body) â
Å§
A
ö

E

E� .1

B@*ìXZk (Bowman's capsule) z�@*ì�1íø (Cup shaped) s"3«ç EGEZy»Zq-ahZ\!ú
ë�X (Glomerulus) »Zq-V0*c*Y@*ìXTÃ%̈!Íq- (Capillaries) ÆZ0+g(,~®Z�~Äc*]

(Zq-Ñc*yÅ«BZ�ð!*gq-�ácÑc*7-BCì(1�Fù~�Z4 Afferent Artigesic �gW0+{Ñc*u)
(Å̂~ Efferent Arteriole ��Ë�D�ñÄc*]»Zq-Yw¯CìZzgÁ¢zZà',Wg0+{Ñc*7-Å)

øÐ!*CÙÇ̀ìX
(Afferent »¢Á�@*ì/Ú�gW0+{Ñc*7- (efferent arteriole) ÎGYV',W0+{Ñc*7- l

ÆX arteriole)

¥ÅF,¹ÆaÓ#Ö»j¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

×~Wzg©
ë�°zgh+
',¤/�z~¼z�

¤/�z~Ñc*y

!*c*Vq(̈

V:

Iw
ÛzãÎgZc

!*c*V¤/�{

q(̈V:~
t�ð

¤/�z~zgh+
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(Glomerulus) (ÎgZc�äÅzzÐ%̈! Narrow Æß)  (Efferent arteriole) ¤/�z~Ñc*7-
pâ
Å©-
A
ö

E

G
EøZzg¤/�z~ (Glomerulus) ~�!*î7,@*ìsZq-Z~Z»ðÆîg6,»x�@*ìX1íøZzg%̈!

(Squamous øB@*ìX1�Fø~Zq-%̈!ñ���@*ìTÅ�-ZgzZu6,]zZàaÃg~u¡!*:V
úVZzg%̈!Æ�gxy« Podocyte 7Í/õ

E

G¹Y@*ìXZy Podocyte 6,��CìXÃ epithelial cells)

�ÛZë�D�X (Passage) ßZâ�zVÅZÆagZ3

¤/�}ÅZ0+gzã�|# 5 - �̂ "3«ç
E
G
E
ZyÅ�|# 6 -�̂

:(Renal Tubule) ¤/�z~**� .2
345Ð
ö
X
E

GI  (2 Proximal Convoluted tubule (PCT) (�ÛR#-Cå FGFZg**� 1 t&�V6,��@*ì
"3«ç
E
G
E
Zy»ê~#-Cå FGFZg**�¦�ä Distal convoluted tubule (DCT) (ê~#-Cå FGFZg**� 3 (Loop of Henle)

¯D�X� (Calyces) ZzgZ¾ó (Pyramids) ~�ìZzgs**P%zo (Collecting Tubule) zZá**�
~�Z4�@*ìXÄc*]»«Yw¤/�z~**PÆZ§Zs¤/�**6 (Ureter) ~�ìZzgq(̈ (Pelvis) ¬ã

¯D�X Renal venule ¯CìXsÄc*]��� (Peritubular capillaries) Äc*]
"3«ç
E
G
E
ZyÃ¤/�}Å�!ZzgPCZ»ðYV¹Y@*ì? l

1w&%O[Å»g~Å}+M 4.3

(Mechanism of Urine Formation)
Z%Zi~�0*CìX 4 %O[Å»g~

 (Glomerular filtration) %̈àZ (1)

      (Tubular reabsorption) **6!*iZ+Cå EEEZ[ (ii)
Zzg   (Tubular secretion) **6Z�ÛZi (iii)

(Formation of Hypertonic Urine) %61wÔÅ»g~ (iv)

¿Zy%Z`XÃ�â�zV»Zy%ZYÂx¥ÅF,¹ÆaÓ#Ö»j

âÅ§Aö
E

E�

%̈!

�Wg0+{Ñc*7-
',Wg0+{Ñc*7-

1�F²Aªî XE
#-
Cå
F
GFZg**� �ÛR

ê~#-Cå FGFZg**�

]¤ ¦�äzZà
45Ð
ö
XE»I

~�ì (Pelvis) ¬ã

pyÅÄc*]»Yw

q(̈

"{
Z¾ó

�s&¬ãÒ
¤/�z~Ñc*V
¤/�z~zgh+
"3«ç
E
G
E
Zy

-gñ

¬ã
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¥ÅF,¹ÆaÓ#Ö»j¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

X:(Glomerular filtration) %̈àZ .1

py¤/�z~Ñc*yÐ�gWg0+{Ñc*7-Æfg=Íq-B%̈á~cì�V��!*îÅzzÐZkÅZ
¿~WCìTÆ³~0*ãÅ¼lZgZzg»gWæâ�zVÆ�BÃ�â�zVÅZ»¿zZµ�@*ìXZ[t
1íø~�Z4�D�XZk%̈àÍq-Z¹Y@*ìX%̈!~Z�{â�{B«ÃZ�Zð1wë�X

:    (Tubular reabsorption) **6!*iZ+Cå EEEZ[ .2

%̈á~ñ��Z�Zð1w6ðÚ�&ÆÒpÐpyÐ½ãx¹g�rìpZk~pyÆ
7Í/õ

E

G)ñ���D�X345Ðö X
G

GôÆZ§Zsñ��¤/�**6Äc*]Z�Zð1w~ñ��»gWæâ�zVZzgiZZ+0*ã»
!*iZ+Cå EEEZ[¿~ÑD�X

:   (Tubular secretion) **6Z�ÛZi .3

»gWæâ�zVZzg0*ãÆ!*iZ+Cå EEEZ[Æ�1w345Ðö XGEÆôÐ�D�ñ*g@*ìX345Ðö XGEôÆZ§Zs

ñ��¤/�**6Äc*]ÐÔ%̈á~pyÐ)Z�{Ã�â�}345Ðö XGEÆô~Z�ÛZiy%�bYD�t¿
**6Z�ÛZiB@*ìX

:(Formation of Hypertonic Urine) %61wÅ»g~ .4

(Varopresin) 345Ð
ö
X
G
EÆIÐ¦�äzZá**P~îzZá1wÅ'×h+%6e$zc*Î6,D
;gñyÅñ��Ï~zZµ�CìXzc*Î6,DÅ¶Æ:Lc*1wÚWä4ìXZkqª(Ã!

(ë�X Diabetes insipidus) fc*$�4ø EG

ñÌuâ~%O[Åic*�CYV�Cì? m

Z¤/0*ã»!*iZ+Cå EEEZ[¿~:WñÂH�Ç? m

W�Z[ëZy%ZYÂxÆ��VÆ!*g}~c�,X

:(Ureter) q(̈ 4.3.1

ª�CìX 30 sZq-�hCó¡óEZgZzgWC**1V�C�XjMð

Æ�[Ð"3«ç EGEZyÅ»g��Ï~¶zZµ�CìX 10% e:�wÅ/Æ�CÙ�k�w~
HW\Y��? !
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¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

ÐÇ̀ìXt¬Y+$w�'�CìZzgV:~F,YtìXq(̈%O[Ã¤/�} (hillus) CÙZq-q(̈¤/�}Æ**s
ÐV:~ÑCìXq(̈~%O[»·îñYw�'Æfg=¿~W@*ìX

:(Urinary Bladder) V:X 4.3.2

sZq-�gxãó**�CÆ̂ÅEZg$�Cì�Í²A§õ XE~zZµ�Cì�zâVq(̈ÐWñ�ñ%O[Ã
B{�CìX 800@*300 Zk~fí{HY@*ìXV:~%O[Ãfí{�äÅRö

:(Urethra) IwX 4.3.2

0*c*Y@* (Sphincter) s"ì�%O[ÃV:Ð!*CÙÅY+$áYCìXV:ZzgIwÆYÆ£x6,Zq-¬Ü{
ªM�@*ìsúgÂV~!*CÙÅY+$e{�ì²%�zV~Â6~ 20 ªM�@*ìZzg%�zV~ 4 ìXIwúgÂV~

"Æ�B�ìX)1àÂ6~**à(

:(Micturition) 1w&%O[»{g`�** 4.4

V:~ (Circular Sphincter Muscles) %O[ÃV:~¬gèîg6,fí{HY@*ìX�z°��z~WC¬Ü{
0*ñYD�XZ#V:½g;�@*ìÂ�zâVWC¬Üiä��TÐ!*CÙ»gZ3È�Y@*ì@*ëZ#%O[»�!*î
(,kìÂV:Å�-Zg,Ä�Âp�/p�ZeZW,Zz6,~¬Ü{6,7,@*ìZzgz{U4ìXp"¬Ü{øg}�1~�@*ì
Z#J-�"¬Ü{7²£Ò5é NGX%O[V:~�gLìXgL�V~%O[Ãgz1Å�/7�Cpz{W×W×
JYD�X

(Nerve B{%O[½Y@*ìÂV:ÌÐZm�-gZzV~ñ��Z¡!)gzV 300 - 400 Z#V:~
B{ 700 - 800 ~LaZ�Cì��ârÃZ�ág}¬�TÅzzÐ%O[Åq~#�ä@ìX@*ë endings)

J-%O[V:~fí{g{YìXV:~%O[Æ{g`�äÅq~#Zâ�]Ð�Cì�ZkÅzzÐZk~
{1.8 - 1.6 ��g�Ì�ä4ìZzgg�»gZ:îg6,%O[Åq~#�ä@ìX)1àVäÐ1w»Zy%Z`(Zq-�y~

%O[{g`HY@*ìZ#ic*�{lZg~(w�0*ãóñ}Zzgæz!*]ZEw�,Âic*�{lZg~%O[{g`�@*ì
ZzgZ#ÁlZg~Zy»ZEwHYñÂÁlZg~%O[{g`�@*ìX
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¥ÅF,¹ÆaÓ#Ö»j

HúVÆaZy%Z`¢zg~ì? m

ëic*�{Ðic*�{0*ãÅW»tg{YV�ï�? m

�wJ-gZ]~�~%O[YV�D�? 16c*15 Pa m

¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

(Composition of Urine) 1w&%O[ÆZb%ZYF,0Ì 4.5

Åñ��ÏÅzzÐ (Urochrome) sZq-Ës(wì�1àÂxÐaZ�@*ìX-gz�zx
%O[»g8-¯ig�g8-»�@*ìXZúZïÅ¯Y6,¬x%O[ÅZb%ZYF,0ÌZµZµ�CìX8o/õ EG
Z+½Z»¢8�6,z�Ð½7g�ÂZkÆË~%O[~ic*�{lZg~-gc*aZ�@*ìtZkz�Ü

�gó®~�ÑCå{�D�Zzg-gc*»g�@*ìXZÏ§bÃð¬xqª( amines �@*ìZ#6,z�Ð
¹ic*�{lZg~]ZEwH�ÂÌt%O[~ªCÙ�CìXZ¤/ (Normal Person) zZÑ¿

¹ic*�{lZg~(w½Zc*0*ã»ZEwÌpy~0*ãÆw~Z���@*ìTÆ¯Y6,ic*�{%O[
{g`�@*ìX

0*ã~i5+k,  ó CreatinineóCreatine **xCZb%ZY)-gc*ó-guF,�ó 25% 0*ã 96% %O[~
)**xC!-Cÿ

E

)Îe*³gZàóÃ�óÜó!5½54o-ê G
Y
E
G
I
Gó 1.5% z){(Zzg (Oxalate) §&ó;gñ÷ZzgW�/Z4

�@*ìX1Z#ic*�{�k,J-gz»Y@*ìÂ (pH=6.0) yW-e+(0*ñYD�XZ�ZY~%O[F,d-öIJ

-gc*Å¹ÅzzÐZñ*áCìXZzg%O[Z�Ï�Y@*ìX
Z¤/�zâV¤/�}åîg6,**»g{�YNÂH�Ç? m

End stage (ESRD) ¤/�zV»åîg6,**»g{�Y**Zzg�z!*g{ZKZ-qª(~:WäÅqª(Ã
ë�XZ¤/¤/�}åîg6,»x�**È��}ÂøgZ�iZZ+0*ãZzgÃ�â�zVÐ½Yñ Renal Disease

ë�ZyÅzzÐøg};Bc*0*îV~ÎXaZ�YCìXøg}�Ã4 (Uremia) ÇXZkqª(Ã
»x�äÆa�spy:YÅzzÐëÝz^Zzg$zg~Ck�D�XHZkX»Ãðiì?W�

Z[ë¡¦¤/�zVÆ!*g}~zZ/qÝ�8X

Î8/õ FGZzgn�!ìwÙ
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)¡¦¤/�}(: (Dialysis Machine) eZ

"5Ó4m
ø

J
GGá 4.6

i0+ÏÅ�YÆa¤/�}ZëZ¡IY�X1®tóin�**ó¹
»�**ópy~¹ic*�{lZg~]»ñ���**óc*¤/�} B.P ic*�{
~pyÆ·î~g»z^aZ�**XFúZïÅzzÐiCÙYâ�}�
~¦�YD�XZkÐñ]zZµ�$ËìX

áÃ Dialysis Z#Ë¿Æ�zâV¤/�}**»g{�YNÂ

ZEw�ÆpyÅZÅYCìXs¿åeZ�̂

B@*ìXZk¿~pyÃZÝÑc*yÐqÝHY@*ìXZzgâúZ+A)é EE�� (Haemodialysis)

(Tubes) c***CV Channels ~BHY@*ìXZká~py Dialyser Ð5äÆ� Heparin

Ð*g@*ìX

âù~k�&�ð�C�Xk[ÆZ0+gÕ Dialyzing Ðµ�C�Xs**1V cellophane�

âùÃG�ÑCå{gBbìXZk~ÎZñ�zÂÃ�â�zVÆZmZb%ZñF,0Ìöi)Å Dialyzing zZÑpyZzg
âù~ñ��7�Dtâ�}pyÐWiZ�Z:îg6,�ÑCå{ Dialyzing §b�CìXaè**>zÂÃ�â�}

(ë�Xs Dialysis �YD�XZzgZk§bpyÃ�â�zVÐ�s�Y@*ìZk¿ÃeZ"5Ó4mø J
GG

)

�áï Anti Coagulant Heparin ¤/�}Å§b�»x�@*ìpZk~!*iZ+Cå EEEZ[7�@*X¡Z+A)é
E

E�
]»�@*ìX 6@*3ñDialysis �äÆ�Ìspy�~zgh+Æfg=zZ:BHY@*ìXCÙ

Æ%ÉVÆaZEwHY@*ìX Uremic s§i7g~�*ÆDÙZgzV¤/�zVÅ**»òc*

¤/�zVÆ**»g{�äzZá%ÉVÆaHÃðîsæCiì? m

¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

:eZ

"5Ó4m
ø

J
GG 7-^
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:(Kidney Transplantation) ¤/�}Åk0+»g~ 4.7

¤/�}Åk0+»g~¤/�zVÅ**»ò)�h+¤/�z~**»ò(Åßg]~îsæCiìXË!��öÆ»g¤/�
¤/�}Ã¤/�{Åk0+»g~ÆaZEwHY@*ìXF,8-Cé EGS!��öZq-4,�Oģ�Zg�**ec@*�ö!*yÆ�Æ

�D�X âñãÂxÆZ,�Z�Ðôpg{ÃX].h+?§jZkë{&½5ë HEÅ»x!ÅÑb~Z��»!*)̄
**»g{¤/�}Æqï%!Æ�~¤/�}Åk0+»g~�Æ¾£x6,ÅYCì? m

k0+»g~Æ�**»g{¤/�zVÃHHY@*ì? m

ËëÏÆ%Zq-�¤/�}Æ�B (Donor) H!��ö m

©wÅi0+Ï*ZgYì?
Z,%!XÆ¤/�}**»g{�`�¤/�{»¾Zêa¹æ�Çg
U*"$�g;ìX%�{�ârÆ%ÉVÐZ¡IYZ�KYD�XA$

~k0+»g~ÅYCìXTÃ�»¾ (recipients) Z7JwàzV
¹Y@*ìXZ¡IYÆ¾Ð0'×h+¥â]qÝ�äÆae
x@{ÙX

Zy%Z`Æ�zu}gZ5)çzyZy%ZYZ¡IY( 4.8

W\¤/�zVÆ!*g}~zZ/qÝ�`���ÆZëZy%ZY
Z¡IY�X

�Æ�vZy%ZYZ¡IYÃµ�? m

Òó¢ó®ÆZLºmZdw�äÆ!*z��tU*â~÷Æîg6,
ÌZy%Z`»»xZ�x�ï�X

[Âx~s»g0eZðW�àZzg0*ã»Zy%Z`�D Ò)µ}(:
�X

¹ic*�{lZg (Sweat Glands) Zk~ÄÆ¼z� :(Skin)¢
~0*ñYD�XX~Äc*]»Yw�@*ìXTÐÄZzg�zAà
Ã�â�}{g`KYD�Xaè¢ic*�{lZg~0*ãZzg¾lZg
~#»Zy%Z`�Cì®Z¢ÌZq-Zy%ZY�»»xZ�x�îìX

¥ÅF,¹ÆaÓ#Ö»j¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

:¤/�}Åk0+»g~ 8-^

:µ}ó¢ 9-^
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»Zy%Z`�D�X (Sebum) �nf³³Ü ó(Sebaceous Glands) ¢~0*ñYäzZágz"&_54h4ø EGG¼z�
;àgz»g0Zzg

\
A+
ö

I

F,Ú0*ñYD�X SterolesóWaxes T~ñx
Æ!*g}~¥â]qÝ�ÆZL&Ò54è EHGE1ge6,ðVÙ? (Sebum) �nfÜ m

�ßvu��´~gT�ZyÃc*ÂÁÄW@*ìc*ÄW@*�7XZyÆ¢Zzg�vZy%ZYZ¡IY m

~Hp´VzZµ�C�X
s1$ßy�Z:»Z�ÛZi�@*ì) �y�@*ìXZzgt®~+�YD�X 120 »�zg§] RBC:(liver)®

(så�ÎÆ%�{uc8o-.ð EGVÆAàÃ�â�} Urochrome Zzg  BilirubinóBiliverdin�

(bile) 1$gk Bilirubin Zzg Biliverdin »Zy%Z`¿~W@*ìX Urochrome �X%O[Æfg=
iZZ+Z�zc*]ó§&ZzgZ�Ï#÷B (Steroid Hormone) Æfg=Ã=ZwZzgZgZà;gñy

{g`�D�X®-gc*Å»g~~ÌZë��ZgZ�Z�@*ìX
Æu¡ ( (,~W-$ )Colon yó!5½54o-ê G

Y
E
G
I
GóZzgßìÆiZZ+¤] : (Large Intestine) W-$ (,~

úVÆfg={g`KYD�@*�ZyÃ�Æfg=!*CÙ{g`��c*YñX
ðuZzgW²îVÆfg=Ì**>zÂÃ�â�zV»¾lZg~Zy%Z¿̀~W@*ìX

�v�ÇV~¿Zy%Z`: 4.9

Z�ÇV~Zy%Z`ÆZµZµ§j�D�Xq-ï~�-V~ÃðºmZy%ZYZ¡IY7
0*ñYDXs��Óf8,k,~Æfg=Zgâ�zVÃZLZ§Zs~ñ��0*ã~{g`�D�X@*i{0*ãÆ

0*ñYD�Î (Organelles) a��  ócZ$4o-ê GIG~zßÛAÆ (Amoeba) ���Z�
¹Y@*ìXs0*ãZzgÃ�â�}�ÐqÝ�ÆYw (Contractile Vacuole) iä&ZÁèzZá{a

YD�Zzg�ÅR6,V�Zyâ�zVÃ�Ð!*CÙïww�Zzg¿Zy%Z`�ÅRÆfg=zZµ�@*ìX)¿zß̀(
 Mï~Y0+ZzV~Zy%ZYZ¡IYZ�D�@*�ZLÃ�â�zVÃ�Æ!*CÙ{g`�,X

ÐZK̈yJ-Zy%ZYÂxÅë7V~!*nKMZ���@*Y@*ìX Sponges

¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

:®óW-$ 10-^
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~ÃðºmZy%ZYZ¡IY70*ñYDZkaZy~½ã�g} Coelenterates Zzg Sponges aè
~Zy%ZY�854è

EG

G (Platyhelminthes/Flatworms) 7Í/õ

E

G0*ã~.ñYD�X«%û¡�z�Û
»x@{�,X 4- ¹Y@*ìX].zw (Flame Cells) z��~WC�XÎ>ú7Í/õ EG

W�Z[ë_·�,Ð�7�zV~sZë¿¾§bzZµ�@*ìX
4- ].zw

7�zV~¿Zy%Z` 4.10

H7�}YâgzVÅ§bZy%Z`�D�?
�ZyÎZÑ]Æ�Z!*]�b¹�ª]Z0ìXW\Y���¿AwÆ�zgZyZZ!ò

õ&]�**>zÂÃ�â�}»g�D�X7�zV~Ã�â�zVÃ{g`�äÆaÃðºmZy%ZY
Z¡IY70*ñYDXYâgzVÅ/Ú7�zV~Ã�â�zVÃÂhäÅÑbN�CìXZkaÃ�
â�zV»¦�**ÌÁ�@*ìX!7�}�Z0+�}~ñ���VZzgz{7�}X~³gz�ñ��:�z{»g0
eZðW�àZzg0*ãÃ�g[Ã�â�}Æ{g`�D�XÃ¦F,IÆ�zgZy{g`�äzZàWx

Æfg={g` (Lenticels) Zzg�Æ (Stomata) �ÃÌZq-Ã�â�{¦gHY@*ìX�êVÆ��
��ØYD�X

7�}Ã�â�zVÃ¾§b�Ð!*CÙ{g`�D�? m

Å^~{g`HY@* (Guttation) Zzg10+zV (Transpiration) 7�zV~iZZ+0*ã¿uc*y
ì?Ã�â�zVÃêVó)VZzg]V~fí{HY@*ìX

¥ÅF,¹ÆaÓ#Ö»j¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

Âx&� Zy%ZY ¬»́**x
KãRÐZ§Zsñ��0*ã~¿ÓfÆfg= 6,zIizZ
ZyÆ½ãÓx7Í/õ EG0*ã~.ñYD� 7g~9ZZzgÏAR,ð

(Flame cell) >ú7Í/õ EG a×Ûßjã� öK
7Í/õ

E

GRenette �IeZ
¤/�¶)Ði+c*( Z

"5Ò5å G
E
G
H
Z

!¼z�ÔâÅ§Aö
E

E**1V Wgêz7eZ
wÐÐi+c* ñÅi¹é
zZR,z$h½3ð GG°Âx Zk"egwÐ

 ¤/�} �ZxÔ6,0+Ô¬î#/õ EG
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Z#s%�{íó½Zzg6�ñV�g|#Ð¤/YD�ÂZyÆ�BÃ�â�}ÌòYD�XÃ�
¹Y@*ìX7�}{mîg6,ZL Raphides â�}̂kZ�xÅ̂~]V~fí{GYD�Î

DÆaF%·]Å@*;�D�XZzgF7�}6ð%·]»g�ÆZLa%óíZzg�V~fí{
ÐD0*nX7�zV~ic*�{6ðâ�zVÅñ��ÏÅzzÐt (Herbivores) �D�@*�m]pgzV

fZB~$+'×{�YD�TÅzzÐm]pgZyÃ3**I7�DXP6ðâ�}iCÙY�D�Z¤/
YâgZyÃ3BÂz{%YD�X

�7�}iÂ�ä6,6ðZâY»Z�ÛZi�D�Xs6ðZâY7�}ÆinÃ½�¡c*[�ä~
»Z�ÛZi�D��7�zV (Attractants) æ��ï�X�7�}�zu}�ÇVÃgZá�äÆagAâ�zV

(Nodules) Åik,Ïó�VÆZ_OgZzǵt~æ�Çg�D�XVwÆîg6,7�zVÅa%zV~ñ��Çµ
ÃZK§s (Rhizobia) 6ðZâY»Z�ÛZi�D��a%zVÆZ§Zs0*ñYäzZág�.çGEzÒ

m�ì�ÃXZy%·]ÃU*â~Aà%·] (Symbiotic) gZá�D�X@*�gÌzÓÐë!*Ù
¹Y@*ìX (Secondry Metabolites)

7�zV~z9z9ÐíZzgYwYVQD�? m

 Z�ZðAà%·] (i) â�}�znÆ�D� (Bio chemical) 7�zV~»g�äzZá§C6ð
â�}� (Secondry Metabolites) U*â~Aà%·] (2) Zzg (Primary metabolites)

»g1;àg�ól%ÒVZzg6,z�Z�ZðAà%·]�Xz{â�}�%Zzg!*6ÏÆa¢zg~7Z7U*â~
ó�SógDóÍ0+|óZzg�z�| (Alkaloids) �}º�] (Secondry Metabolites) Aà%·]

z){XqÑè7�}Zy6ðâ�zVÃZK¢zg]ÆaaZ�D�pZK̈yZy6ðâ�zVÃZL (latex)

ÃZ+}ÆaZEw�@*ìXt¬xîg6,g3ZzgpÒ�Zg�D�X
:(Alkaloids) º�] 4.10.1

s**>zÂf~õÝ��iCÙY�D�Xs7�zVÆZ�V~fí{KYD�X

¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

Zzg17�}YV�Z]ZzgQ}chzVÐOW,7�D? CÙi}

¥ÅF,¹ÆaÓ#Ö»j

Î8/õ FGZzgn�!ìwÙ
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¥ÅF,¹ÆaÓ#Ö»j

7�zV~0*ñYäzZá¬xº�]Æ**xZzgZêZEÑ]Ãn].zw~�c*�HìX

Qyº�]»**xeî�øg}av0+{�? m

s»g0Æ%·]�Xt7�}ÆZ�V~ñ��gT�XZy» :(Tannins) �� 4.10.2
g8-�ZÈgZ�@*ìX�2Ãl}Å�!*º)ZzgZ�zc*]Å»g~~ZEwHY@*ì}

z){ Accacia Zzg Cassia
 ¬xîg6,tÁÕ@êV~0*ñYD�Xs7�zVÆºm�V :Resins gm,ß)gZw( 4.10.3

¹Y@*ìXZ7zZgøÅ»g~~ZEw�D�X Resins Passage 0*ñYD�XXÃ  ~(Passages)
XPinus }

Cassia þ:12(a)�̂ Accacia:12(b)�̂ Pinus:12(c)�̂
¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

Opium Rauwolfia Coffea 

:z{7�}�º�]aZ�D� 11 - �̂
 Tobacco Datura

5  ].zw
ZEÑ] z 7�Z º�]

(Antimalarial drug) âúUc*
�Z]¿

(Pain killer) �g�¿
�,$Æ»UÅ�zZ
%�/~¡ÂxÃLaZ�äzZÑ

(Antiseptic) ,-$¥!*
(Sedative) ZCZ[¥!*

�Z]¿

Yw
í
V
a%
Õ@
Õ@óYwóí
VóYw
Yw

Cinchona officinalis (Cinchona)

Nicotiana tobacum (Tobacco)

Papaver somniferum (Opium)

Rauwolfia serpentina  (Snake root) �,$Åa%

Coffea arabica(Coffee plant)

Azadirachta indica(neem)4
Datura stramonium

Chrysanthenum ±�

Ã&4èGEE X1

æ� X2

âg@óÃW X3

g^à X4

(Caffeine) µ3©
è
G
E
E

X5

(Nimbin)
')4

è

E
EE

X6

Scopolamine X7

PyrethroidsX8
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¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

�7�}�4óAwz){Å�ápVÃ»UÆ�åâ�}»Z�ÛZi�@*ìZÐ :(Gum) Í0+ 4.10.4

¹Y@*ìXtÍ0+0*ãÃ_.[�Æ7�}ÆinÃqï�ä~æ��êìXçÙîg6, (Gum) Í0+
Í0+»°ZÌ»qïìXÍ0+Ã�häóZ�zc*]Å»g~Zzgó½Z~ZEwHY@*ìX

(latex �z�|Zq-C�z�·ðâ�{ì�7�zVÐZ�ÛZi�@*ìX�z�|�z�·ðúV :(Latex) �z�| 4.10.5

)g',»7�Z(**ò7�}Æ�z�|Ðg',»gHY@*ìX (Hevea braziliensis) ~fí{HY@*ìX cells)

»fg=ìX (Bio Diesel) §Cem,w (latex) 7�}»�z�| Jatropa

Æ7�}»Ã̈Kz§Cem,wÅ»g~~ZEw�@*ìX Jatropa HW\Y�� m

Ha%zVÐ6ðâ�zV»Z�ÛZi�@*ì? m

âCÙm@*]ä�!*]Æfg=tU*"$H�a%:Üsi}Ð(w_.[ (Brugmans) ',z-÷
(Apple �D�ÉZL¼ºmZ�ÛZi]Ãi}~ÌZ�ÛZi�D�XZyqÑ]ÃëÂLÆ�g|#

�wZq-�i}6,ZÇäÐz{VaZ7�0*Deì 5@*4 ~�NMh�XÂLÅ̀ÃÚ Tree) 

W\X�3�ZEw�,X
HW\B��a%ÆZ�ÛZiZ]Zzg̀ÅÁaZzZg~Ãðģì? m

|~gÇ7�}Ãv�D�ÂZk~W\Zq-ºm1Ck�D�YV? m

Chewing gum* �w¬ÐZEwHY@*ì 5000 Zq-n»Z(Í0+ìTÃ Chewing gum

Ð¯c*Y@*ìXZ#Lik,{�Zäøg}�~�Z4�D�ÂZy (latex) Zzg�gC�z�| Chicle 7�}Æ{Ø
» (Asthama) ¢~Z°YZzg�) Allergens »ñZ#�W�Xs (Allergy) ~ñ��**>zÂâ�}Z°Y

(Parthenium) X}X0*g
(�54-

ê

G

G
E

G !*)̄�W�

¥ÅF,¹ÆaÓ#Ö»j

þ:4»�g|# 13(a)�̂ Jatropa:13(b)�̂ :g',»7�Z 13(c)�̂

HW\Y��? !
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¥ÅF,¹ÆaÓ#Ö»j¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

Zy%Z`®Z̈�ÛZi: 4.11
¿Zy%Z`ZzgZ�ÛZi¡~îg6,Zq-�¿�Xs�zâV¿ZâYÅÃ»»xZ�x�ï�XZk§bs

�zâV¿)¢zg~â�zVÃ�Ð{g`�D�XZy%Z`Zq-Z(¿ìT~Y0+ZgZ�xÐâ�zVÃ{g`
HY@*ìX²¿Z�ÛZi~ZâYÅZq-£xÐ�zu}£xJ-Ã¿~WCìXZk§b¡~îg6,Z�ÛZi

Zq-dw¿ì²Zy%Z`Zq-)dw¿ìZK̈y~W²ó%O[ó»g0eZðW�àZzgÄ (Secretion)

»Zy%Z`¿~W@*ìX²�zu~Y+$ó{%}ó;gñ÷óZzg°[»Z�ÛZi¿~W@*ìXZÏ§b7�zV~Ì
a%zVÆfg)ZkÆZ§ZsZy%Z`ZzgêVZzg)VÆQä»¿~�@*ìX²7�zVÆ�Ð

z){Å̂~Z�ÛZi¿~W@*ìX  (Gum) ZzgÍ0+ (Resins) ógZw (latex) �zz�|

¿AwÆ�zgZyZnÆv0+{â�}aZ�D�XZyiCÙYâ�zVÃ�Ð{g`�ä»¿ /

Zy%Z`B@*ìX
ZK̈ã1àÂx¤/�}óq(̈óV:óZzgIw6,��@*ìX /

$Ò543ð GEEà**CVc*"3«ç EGEZy6,��@*ìX�¤/�}Å�!zPCZ»ðìX 1.8@*1.3 CÙ¤/�{Z0+ZiU /

Zzg¦�äzZá (DCT) ó345Ðö XGEIóê~#-Cå FGFZg**� (PCT) CÙ"3«ç EGEZyó%̈!ó1íøó�ÛR#-Cå FGFZg**� /

6,��@*ì (Collecting Tubule) **�
**6Z�ÛZi  (3) Z[ **6Z+Cå EEE   (2) %̈àZ (1 1w&%O[Å»g~eg%ÖV6,��Cì /

%O[»Zg�iX  (4)

(Osmoregulation) ¤/�}**»g{**>zÂâ�zVÃ{g`�D�Xt0*ãÆÂZiyÃ',�ÛZggnp� /

óZzgZK̈ã�~pyÆ�!*îÃ',�ÛZggnp�X pH #ÅlZgó
eZ×ÑõáZq-¡¦¤/�}Å§b»x�Cì��~¿AwÆ�zgZyaZ�äzZáÃ�â�zV /

Ã{g`�CìX
¤/�}Åp~¤/�zVÅ**»òÅßg]~Wy%~iìX /

ZYâgzV~ZZy%ZYZ¡IY0*ñYD��Z�~iäzZá{aó¡�z�Û~> /

ú7Í/õ EGóZ"5Ò5å EGGHZ~Ði+c*ó�Z]~â
Å§
A
ö

E

E�Vóg�zZáYâgó6,0+}óZzg¬î#/õ EG~¤/�}�D�X

ó (Podocytes) 7ez�Q (Peritubular) ó¤/�**6 (Tubular Fluid) ó**6(w Creatinine
ó�gWg0+{Ñc*7-ó',W0+{Ñc*7-ó (Glomerulu s) ó%̈! Hype r -o smo tic int e rs t ia l  f lu id s

óåeZ^&4mø J
G Dialyser óUrochrome ó  (Micturation) ó%O[»{g`�** (Calyces) Z¾ó

Ô

345Ð
ö
X
G
E»I óº�]ó§Cem,w  (Anticoagulant) óâúZ+A)é EE� (Haemodialysis)

ã~ZÖp

ëäH5
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¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

7�zV~Zy%Z`ÆaÃðºmZ¡IY70*ñYDX7�}ZLZÃ�â�zVÃêVóYwóa%óÕ@ /

~fí{�D��7�zVÐQYD�X
Z�ZðAà%·]}6,z�ó»g1;àg�Zzgl%! (1) 7�zV~Aàâ�}�znÆ�D� /

tøg}açÙîg (Resins) Zzgg

$h4
ø
G
E

(latex) U*â~Aà%·]}º�]ó�áóÍ0+Ô�z�| (2)

6,¹ZÌgnp�X
YâgzV~Ã�â�zVÃ{g`�äÆ¿ÃZy%Z`ë�XZzgZâYÆZq-(Ð�zu~(w�' /

�äÃ¿ÃZ�ÛZië�X

(AS1) Zy%Z`ÐH%Z�ì? X1

(AS1) Z�~Ã�â�zVÃ¾§b{g`HY@*ì? X2

(AS1) �äzZáZy%ZYâ�zVÆ**x�?  ZK̈ã�~0*ñYEZáZy%ZYZ¡IYZzgZyÐ{g` X3

(AS1) Z£ä¹�LL"3«ç EGEZy¤/�zVÅPC�!Z»ðìóóW\ZkÅ@*Gù�zÐ? X4

(AS1) 7zzV~Ã�â�zV»Zy%Z`ù¿~W@*ì? X5

(AS1) áZEw�äÅ¢zg]YV7,Cì?Zk~�áïZßwÃÒyÙ Dialysis �ßÍVÃ X6

ÐH%Z�ì?ZK̈ã�~ZÐ¾§b',�ÛZgg3Y@* (Osmor egula t ion) zßYZío X7
(AS1) ì?

(AS1) �zgZãÂxZzgZy%ZYÂx~HÃðmìZkÅz�s#Ù?? X8
(AS1) zõe�X X9
»åZ�ÛZi¿~7W@*X Vasopressin XA

Z�ZY~Z#%O[{g`�@*ìÂF,d-öIJZzg�~Z�Ï�@*ìX XB
�gW0+{Ñc*7-»¢',Wg0+{Ñc*7-Æ¢Ðic*�{�@*ìX XC
uâÅ/Ú¤/â~%O[ÇhJ�@*ìX XD

(AS1) �ÛtsX X10
¤/�{Zzg¡¦¤/�{ XB ÆZdw DCT Zzg PCT XA
Z�ZðAà%·]ZzgU*â~Aà%·] XD Zy%Z`ZzgZ�ÛZi XC

óóì�ëY+$#Ððh}ÐZz6,~z~ñ�� P ZK̈ã�~Zq-�h®ÆÕ@Å§b»�LL X11

óóÑc*y R óó�~LL P óóZzg�vâ�}ÃLL Q ì®~)ZEw�{6,z�Å¹ÅzzÐ�WzZáLL
ó0*ñYD�X�y%Z[pyÃ�s�Æ S óó~gLgLZ~L P Æfg=Ñc*Y@*ìX�LL

ó¯D U óZzg�zu}Ã�#ZzgiZZ+0*ãï�Zq-¨(wL Q óÆfg=&ìXÃ�â�}L T zgh+L
óSVÆfg=*g@*ìX W ó~�zL V óÐZq-$ú�|#L P �X��L

¥ÅF,¹ÆaÓ#Ö»j

ZLZõ[Ã�Ûzr�Ø
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¥ÅF,¹ÆaÓ#Ö»j¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

(AS1) ó"Æfg={g`��c*Y@*ìX X t(w�Ð!*CÙL
óóHìX Q Ã�â�{LL (b) Hì? "P"� (a
ó»**xsX T zgh+L (d) ó»**xs R Ñc*yL (i) (c

óÃH¹Y@*ì? S gLgLZ~L (e
ó"»**xs XL (i) ó**CV»**xs WL(h) ó�|#»**xs VL (g) ó»**xs U (wL (i) (f

óÅpy~¦�äÅzzÐ7g~§b**»g{��HìXZk¿ÅYyXä B óÃ�iCÙYâ�}L A Zq-¿»�L X12
óÐµ�ðÑÑ"~Ð*ZgZY@*ì��Zq-@̀Å̂~Zq- E ÆaZk¿ÆZq-;BÅÑc*yÆpyÃL

óó�¬xpy~0*ñYäzZá I óóZzgLL H óóLL G ó²wg3�Zìóg3�HìXZk²w~&â�}LL F ÛT~L
óóâ�}Ðµ�ð"~py*g�Zk~ñ��Ã�â�{Ã²w~{g` E â�zVÃÚÆÒpÐgÇ��XLL

(AS1) ��c*Y@*ìXQ�spyÃ�z!*g{zgh+Æfg=ZkZK̈yÆ�zgZãÂx~��c*Y@*ìX
ó»**xHì? B Ã�â�}L (b óHì? A�L (a

Zz6,Cc*�H¿HB@*ì? (e H�? GóH ²w~ó (d þóÆH**x�X F óZzgL EL(i) (c
(AS2) Î8/õ FG�Ã�â�zVÃZ¤/z9z9Ð�Ð{g`:HYñÂH�Ç? X13

ÐÃµÎZÑ] (Urologist/Nephrologist) âCÙZ%Zn¤/�{  W\ZL¤/�zVÃic*�{z�ÜJ-¡qgppÆa X14
(AS2) 7gÐ?

(AS3) W\ÆZg�¤/�Æâjw~Í0+aZ�äzZá�g|#Ãµ�?ZzgZy�g½VÐW\Í0+¾§bïBÐ? X15
(AS4) Ã{:c*ZÚ.$Åæ�Ðº�]ÆZZEÑ]H�¥â]qÝÙ? X16

(AS5) ¤/�}ÅîàF,ZlÅ**'×�̂Q@*g�? X17
(AS5) ¤/�z~**�Å**'×�̂Q@*g�ZkÅ�|#ÒyÙ? X18

(AS5) ÃZ@*g�? (block diagram) ZK̈y~1àÂxÆgZ3ÃeäzZá�ueZÂZx X19

(AS5) Z¤/¤/�}~ZÆ¿Ã�**eT�ÂW\ÃÃ́^Z@*gäÅ¢zg]7,}Ï? X20
(AS6) ZK̈ã1àÂxÆZyZñgÅz�&»gÙ�W\Ãª]i�{��î�V? X21

(AS6) W\Zk!*[~LL%�{�âróóÆ!*g}~7,|`�XZkÐ0W\HI��zÐXW\Z(YVÎ!�X X22
��Æ¾Æ!*g}~¹ÁzZ/ìXßÍVÃgZá�äÆa�Æ¾Ð0È} X23

(AS7) �k,Ù?
(AS7) Zk!*[Æ_·Æ�W\ZKÁ¬�ÂVÃps�**I�zÐZzg¤/�zVÅ4»g��ÏÆaÃ́@Zc*]ÃZCîÐ? X24

Æfg={g`�@*ìX ______________ =ZZLÃ�â�zVÃ X1

B@*ìX ______________ ¤/�}Æ�}g8-»Ûzãz X2

ë�X ______________ ��~0*ã»ÂZiyZzggzZVÆZg�iÃNzw�äÆ¿Ã X3

z~»gWæõÝ»!*iZ+Cå EEEZ[¿~W@*ìX ______________ "3«ç
E
G
E
ZyÆ X4

{à»VÃ6,Ù
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¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

aZzZgìX ______________ Í0+Zzgg$h4ø GE7�}Å X5

¯D�X ______________ 1*øZzg**1Vï� X6
ìX ______________ Uc*Æ´`~ZEw�äzZÑº�] X7

Qßw�áïìX _____________ eZ

"5Ó4m
ø

J
GG~ X8

Ðg',¯c*Y@*ìX ______________ÆHevea braziliensis X9
äZ�x�c*X ________________ ¤/�}Åk0+»g~Ã«%û X10

( ) ZK̈ã¤/�}~�!PCZy%ZYZ»ðBCìX X1
>ú3 (d "3«ç

E
G
Ei+c* (c "3«ç

E
G
E
Zy (b ¡3 (a

( ) ÇÆZy%ZYÂxÐ0� X2
"3«ç
E
G
Ei+c* (d q(̈ (c Raphides (b â

Å§
A
ö

E

E**1V (a
( ) øg}�~%O[Æ*gä»9gZ3 X3

V: (iv) Iw (iii) q(̈ (ii) ¤/�} (i)
i, ii, iii, iv (b i, ii, iv, iii (a
ii, iii, i, iv (d iv, iii, i, ii (c

( ) â
Å§
A
ö

E

E�VZkÆZy%ZYZ¡IY� X4
%© (d ¡�z�X (c ywí (b =Z (a

( ) %O[~tic*�{lZg~0*c*Y@*ì X5
Creatinine (d 0*ã (c Îe* (b -gc* (a

( ) ºmZy%ZYZ¡IY)ñ���D�X X6
b Zzg a (d Sponges (c Z� (b 6,0+} (a

( ) %O[ÆZy%Z`~qgzfs;gñy»gZ�&ZW,�@*ìX X7
Oestrogen (d Testosterone (c Vasopressin (b Zhgbw (a

( ) %O[Æig�âbg8-Åzz X8
³gZàk (d Biliverdin (c Bilirubin (b Urochrome (a

( )
"3«ç
E
G
E
Zy~%O[Æ�WÅF,KM X9

%̈àZ f **6Z�ÛZi f **6!*iZ+Cå EEEZ[ (b **6Z�ÛZi f **6!*iZ+Cå EEEZ[ f %̈àZ (a
**6Z�ÛZi f %O[»Zg�i f **6!*iZ+Cå EEEZ[ (d **6!*iZ+Cå EEEZ[ f %̈àZ f **6Z�ÛZi (c

( )
"3«ç
E
G
E
Zy»sz¤/�}ÆÛzã{~0*c*Y@*ì X10

1�Fø (d DCT (c PCT (b 45Ð
ö
XE»I (a

( ) �zPc*gZ]Æ3äÆ�ËÌ¿Ã%O[{g`�ä»Z�kZkzzÐ�@*ìX X11
¬Ü{»Al (d ½Z~0*ãÅlZg (c k̂»âù~ps�** (b (V:ó6,n{»�!*î a

¥ÅF,¹ÆaÓ#Ö»j

9�Z[»ZN[Ù
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¥ÅF,¹ÆaÓ#Ö»j¿Zy%Z`XÃ�â�zV»Zy%ZYÂx

�»¾Xi0+ÏÆaj
ëZ¡IÆ**»g{�äÅzzÐF%!o�&Z¡IYÅk0+»g~Æ³�X©gW!*�~¤/�}Åk0+»g~ÆF Z

ßvq�U*]»Dg 100@*10 %!¤/�}Æ¾Æ³�Xøg~gc*�&~CÙgzi½ã 25 �zZ{ä�CÙ�zZ{:~½ã
�Y@*ìXZ¤/ëZ,%�{�âr%ÉVÆZ¡IYÃ9z�Ü6,qÝ (Brain Dead) �D�X~PßÍV»�âr%�{

ZK̈âVÅi0+ÏÃXMh�XF���äÆ!*z��Åg:�äÅzzÐZ¡IY»¾�¶zZáZzg¾ 5 �BÂÁZiÁ
hezZßVÃo�&Z:q7QXÍḡÆf)�ZgZyZzg{��zZ{âVÆf)�ZgZy%�{�âr%ÉVÅZ:q�ÛZë7
�DXZ¤/tßvo�&z�Ü6,ZkÅZ:q�,Â�%!Z¡IYÆ¾Æ³�ZyÆa¹ÃZ+{�ÇX©gW!*�~

»g7gf$�zZ{âV~¤/�}Åk0+»g~Å�ª(ìX%�{ 10 Zzg¢6(Zzg½ã (NIMS) �zÍḡÆ�zZ{ä)'.ø
E

z){Åk0+»g~²-CéGE$ËìX (Cornea) �âr%!Æ�zu}Z¡IY�¤/�}ó®ó�wóµ}ówó¢óAc*VóW-$óZzgWç
¹Y@*ìXZ,Z¾m� Cadaver Transplantation %�{�âr%ÉVÆZ¡IY»�zuzVÃk0+»g~�äÆ¿Ã

Z¡IYÆ�¶c*heÆpZ×�z{ZL**xZ,�zZ{ä�V6,k0+»g~Å�ª(ìgZe�zZ**ecX
g�»gZ:"3�.3ð

GEE

GVÐ¥â]qÝ�ÆZ¡IYÆ¾�¶zZßVÅZq-g7g^»gÙX¬xßÍV~Zzg�`~
Z¡IYÆ¾�¶Ð0Ågñ��7ìZ¤/Zy~ÅgËZgHYñÂFßv�Z¡IYÆ¾Æ³�Zéi0+Ï
ÃXc*YYìZéc*�zV~i0+{g�ÆOñ�zuzV~i0+{g�»Zq-4+ñµ�ÛZëHYYìX

ë%äÆ�Ìi0+{g{Mh�
Y2013 &�y 20 �Á�Zoó©gW!*�X DC óZ¡IY»¾Ô 5 �!â�ZyÆL 18

&�yÃq�X~ 18 �!â�ZyZÝXZöX3-$¾g�Zq-WIg¤~�¤/~µ0î YHÐ�̂g;å 18 Zq-
á��XÂz;V6, NIMS �h+iÂ��HZnzZZÝXz~Xì6,Z��ä¯g~ZL±ÆÃ

EgzuXä±ÆÆ%�{�ârÅ¤&ÅXZ#æy�ZyÆÃ·kZyÆzZÐAÂz{
ó®»¾�¶ÆagZè��XZk±ÆÆ valve ZL±ÆÆZ¡IYó¤/�}ó�wÆ�z

Z¡IYÃZ�zZ{âVÃ�V6,k0+»g~Å�ª(ì��c*�Hæy�ZyZYÆZ�g`eZË
Îg:mäZkZ�ZxÅ¹uZ;:Å̈gÙ�Zk±ÆÆzZ+ÄzWZ��

e
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!*[
5

Zgno
Co ordination

"54h
ÿ
FG
E

ÃF,ZÙÔ�gzZi}»íwñ**Ôaw»c*�zh**ÔÇh~`**ZzgPKãZdwÔÓx�ÏÆ�B
%1ow»]6,��D��.e$ÂZiyzäÆ�BaZ�D�X|~�Kã�VÆ!*Ñ
w»]ÅZ�x��ÆaZ#ÌëÃu�D�Â&ãC�~Zdw�w�'ÔÂZiyZzgZgnoZq-�B»x
�D�X�gZÝtZq-(,Z»g**)ìYèw�'�ÆaZq-ë{¿�@*ìX

gLZ�kÆ�BÜs�zczV6,ÂZiyÃ�ìgnp�ñ�J9}�**ÌZq-½ìXQÌë
!*W�ãZzg¯Ë[Æ**Üs9}�Mh�É�vFZdwÅZ�x��Æz�ÜZLÂZiyÃ',�ÛZgÌgÄ
Mh�X

W\Æìw~ZgnoZzgÂZiyÃ�ìgpp~�vÃµZdwÅ¢zg]�Cì? m

øg}ÓxZdwFÂñVÆZq-�B»x�äÐZ�x0*D�XVwÆîg6,w�'Æ�zgZyë
�áh+�LÜs»^~Âxc*WCÂx»ZEw�D�Ô'×h+FÂxÌZk~ZLgzwZ�Z�D�X
�VJ-�WCÂxÆZ0+gÌFW]�zZgc*¯gU»x�D�X

ì? (Trigger) Ã́qW]Åw�'ÃZ�C m

øg}ÓxKãZ¡IÔ!*©Zzg7Í/õ EGï�±îg6,»x�D�XÓxZLâjw~�äzZàp~Æ
Z�ágZ]ÃqÝ�Æg�¿ÃªCÙ�D�Xt¿øg}�~Zzgøg}�ÆZZdwÃZ�@*ìXVw
Æîg6,Z#ëZq-»gÃZL�Ûd$í�Ùc*Fg�Â¡~îg6,ëvuÆZq-Y+$?ØYD�X
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ZknÅF,ùe�ð? m

(Responding to Stimulus) ø�6,g�¿ªCÙ�** 5.1

�Ã́qZ,Z�ágZ]Æg�¿~æ��Cì? m

YVY0+Zg�Z,Z�ágZ]Æg�¿»ZÖg�@*ì? m

�ØÆâjw~p~»c*p~ÆZ�ágZ]c*ø»]Ãëg�¿¦g�Mh�XÓxY0+Zg�Ø
ø»]6,g�¿ÃªCÙ�D�X©Zka�zh~�ÏYèZkäaìÃ�¬�ÇX7�}gzÝÅ�%0*D
�XñÌÆ¤/xZzg%î[�ä6,�ÄW**Ñzq�@*ìX

�ØÅ�ÃD¯äÆaºmqÑ]~ºmw�6,g�¿ÃªCÙ�äÅ&¢AZÌÅqï
�CìX

�zZgZëzZu]g�¿»!*)̄�W�X�âjw)�zâVÛzãZzgZ0+gzã(~p~c*ø»]ÃÙ|#
�D�XWy%»g�¿ Processing �äÐÑzq�D�ÔZ:¬]ÅF,�D�ZzgZyÅ¿Wzg~

o�&¿Ã�gc*Ä�ÆZmz�D�X
ø»]6,g�¿Ã'×h+¥x�äÆaWbøDfsrZ�x�,X

¤/C�ðÇ~Ãñ**
~ªCÙG�§jÐZK 1- ¢aDZq-ZÏc*Ç~kX̂ ÁZiÁ

ZèVÃÇ~6,)ñg[ÖXZL�z�&ÃÇ~c*ZÏÆZq-u}ÃñäÆníZzg
�zu}u}ÃZKZèV~\dñg[ÖX

ZLZù`ZzgÇ~c*ZÏÆ�gxyZzgÇ~c*ZÏZzgÞ�]ÅZiÆÖ@~¹
Á½âZq-v¢aÅ(g[ÖXZ[ZL�z�&ÃÇ~¤/ZäÆn²<4/õ X

G
J
ZzgW\ZkÃ

ñäÅÃÒ<X
HW\Ç~Ã!*ÇZÏy6,ñn�Vz{ZèVÆÖ@\dñ�ñ¶? l

Ç~ÃW\ä�VñZìZky6,¶KyÎ�X l

ZKZèV~0u}Ðt̀ÄÃ,6,ì? l

¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

:Ç~Ãñ** 1 -^
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Z(YVzZµ�Z? m

W\Æìw~X!~Ð¿�Z�Ç? m

¼W]~!p=VÐg�¿ªCÙ�D�Zzg¬xîg6,Zk§bÅp=VÃps�D�ñ
ø»]Ð�hZY@*ìXg�¿Å!~Zq-»g��ñZ&CÂxÃªCÙ�Cì�ø»]ÃqÝ�äzZá�VÃ
g�¿ÃZ�äzZá�VÐ�h@*ìX

ZknÅF,ùe�Cì? m

%1ïgZ5X¡Zgno 5.2

(Integrating pathways - Nervous coordination)

-**ãâ�¸��âr�ÆÓxZdwÃ�1~g�rìOçZk�ÃvyîÐ§i¿~�.Þ
Òpp´Vgzú�ð�ZkÆMzw6,ù¿�gWæ�@*ìZyÃËnÅW�7¶Z¤/p�_Zq--**ã

ä�.ÞÂzx@{�[å�Zk§bÐù�1HYYìXZnZq-%! (AD129-200) âCÙP]
Ð¤/äÅzz¤/�y6,âg�Ð!*iz~Z�kÆÅYäÅDe$Å²Zk~ (Chariot) äZLgB

ät³Z~.H�Z¡[�zZlxÆ�D�XZkÆ_. Galen w�'»ÀòWC�1ZÌÌ!*¹åD
¤/�y6,Ñâgä-Z¡[Ãvyàc*åpZkÅw�'Æ¿ÃOW,7HåX

äZk§b»³YVZ~.H�Ç? Galen W\Æìw~ m

ZVgz,�~ÆWy%J-Ì%1ïÂxÆîg6,Z¡[Å»g��ÏÆ0Ãð¥â]7�A$
âCÙ+P]ä�Å»g��ÏÅ}+MÆ_·ÃÑzqHZzg',¹6,Zkz�ÜÅ].h+ïZzg¡ÂxÆ
»x�äÆ§i6,ñ��¥â]ÆÎmÃ�ì�D�ñ¥xH�Z�ágZ]¾§bv�D�X

W`ëZ¡[Æ!*g}~¹¼Y���z{¾§b�ârZzg£¦ezgÆZ�VÐ�Æ
Z£â]Æg�¿Ã�1~gnp�XëZ:¬]Ãv�äzZáZkãgZ2VÆ!*g}ÌY�
�pQÌë¡7Í/õ EGÆ»x�äÅ}+MÆ!*g}~¹ÁY��X

¡7Í/õ EGÅ�|# 5.3

Åxsà»x@{<ÔZkÅ̂ (neuron) Æfg=¡7Í/õ EGc*�}4/õEG (Microscope) pg�Î
Ð».Þ<X 3- Q@*g�ZzgZkÆZ�VÃ**'×�<ZzgZy�V»øDfŝ

Galen :2-^

Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j 102
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CÙ¡3Zq-úc*V%�/}Æ�Bï~�6,��ZìX¡7Í/õ EGÆï~
�Ð�znÆ«iZZ+}ä3�XgLiZZ+}oØBD�²Zq-zZu
ÑmiZZ+{�øg}�ÆZ�VJ-;�Z�@*ì"gtB@*ìX"gtZq-

¹ (Myelin Sheath) ºmqb%~ÝsÐe.gLì&âðAÝs
(nodes of Y@*ìtÝsHg{z²V6,{gLìZy3vVÃgek,Å¤/�

¹Y@*ìXâðAÝsØZyúVÐ¯�@*ìZzgZk~
\
A+
ö

I

â�zV» ranvier)

Ú�&¹ic*�{�@*ìXÝsÆ%"gØ)×�Zgg8BD�Xµ
"g-VÆ�gxytÝsZq-uÃÝ¯@*ì�}4/õEG»ï~�c*Âøg}�ârc*
£¦ezgc*£¦ezgÆ.e$�Ûd$Zq-´º~0*c*Y@*ìX&×~c*8-{

¹Y@*ìX�ârc*£¦ezg~oØZzg"gØÆ�gxyZé (dorsal or ventral root ganglion)

MðÅãC�6,�Ût�**Â�@*ìXZÒÝsÅñ��ÏZ¹¥x�ä~øg~æ��CìXp�VF"g
-V~Ýsñ��7�D�X

Ð100 billion ëY���¡ÂxÅ�!ZzgPCZ»ðÉc*¡3ìXøgZ¡Âx
iZZ+¡úV6,��@*ì�Zq-ºm§jÐZq-�zu}Æ�BF,�D�XZq-¡7Í/õ EGÆ
oØLgZÆÆfg=�zu}¡7Í/õ EGÆoØc*"gØÐa%}�ñ
�D�X

B@*ìX (Synapse) �z¡úVÆ�gxyLgZ�»£xçÞ
�VZ:¬]Zq-�}4/õEGÐ�zu}�}4/õ EGÃvGYD�XZ¤/pt£â]
.e$gL�gi�Zzg�{3ðE-VÆÎ¢zg~+?ç EEEâtgZ�70*c*Y@*QÌZy
£â]ÐZ:¬]6ðc*',¹Z�ágZ]c*�zâVfgZ#ÐZq-¡7Í/õ EGÐ
�zu}J-Zg�wGYD�Xtç$§õ EGic*�{F,�ârÔ£¦ezg6,Zzg£¦ezg

ÃZy£â]Ð (Signals) ÆZ§Zs0*ñYD�X"gØZ�ágZ]

6,}�Ǽ£â]ÃáYD�X

¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

ot

Æ�Zä Nissl

%�/{3»�
ØZy3

"gt

âðA6,]
gek,Å¤/�

(Synaptic Knob) çÞÅÇÖ

(Axon Terminal) Z!ò"gt

:¡3 3-^

:çÞ 4-^
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ø�Ðg�¿J- : gZ5 5.4

W\ä¤/C�ðÇ~ñäÆa~WçZzgZiÆ�gxyÅgZ�»x@{HìXZk§bÅë
W°¿~ÑäÆnZ¡[ZgZ5Z(g�D�X
¿ÆnZ(gG�gZ2VÅãC�6,Z¡[Å&Zlx~�gzÈ~Å�ìX

(Sensory nerves) c*-Z¡[ (Afferent nerves) �gWg0+{Z¡[ (A)

z{Z¡[�Z-Z¡IYÆW]Ð�â]Ã%�/~¡Âx)�ârc*£¦ezg(J-áYD
�Z7�gW0+{Z¡[c*-Z¡[BD�TÅzzÐøg}Z§ZszZ)s�äzZàp=V»

Ì¹Y@*ìX (Stimulus detectors) Z�k�@*ìq

(Motor nerves) c*wÅZ¡[   (Efferent nerves) ',Wg0+{Z¡[ (B)

)¡(J- (effectors) z{Z¡[�%�/~¡ÂxÐ�â]Ãg�¿ªCÙ�äzZá{c***Ç
¹Y@*ìX (Motor nerves) áYD�XZ¹',Wg0+{c*wÅZ¡[

(Association nerves) Z·ZÅZ¡[ (c)

Z·ZÅZ¡[�gWg0+{Zzg',Wg0+{Z¡[ÃZq-�zu}Ð�hD�X
~W\Æ�Ã̈K�p~ÅÙ|#�äzZÑ 1 r�D m

å? (effector) ZzgÃ̈K**Ç (detector) Ù�{
�gWg0+{Zzg',Wg0+{Z¡[Æfg)Z:¬]ù(Að FX) m

�XZk!*g}~W\HÎh�?
äZ,g�¿Ã�îc*T6,»Nzwåc*z{ 1 r�D

ZgZ�~¸X))®)2~_·G�ZgZ�~Zzg)ZgZ�~
W]ÆZEw»Z¬�{<(

:wÅÉ 6-^

:ZZ¡[ÆgZ5 7-^
Zq-gZ�Âx - Zgno

�ârc*£¦ezg

',W0+g{Z¡[�gWg0+{Z¡[ Z·ZÅZ¡[

�ÆW]-Z¡I

¥ÅF,¹ÆaÓ#Ö»j

:-É 5-^
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ëtY���øg}�ÃPZ,qÑ]ÆnÌg�¿ªCÙ�äÅ¢zg]�CìT6,øgZ
¹Y@*ìXZq-W�yrZkÃ4îg6, (reflexes) Nzw7�@*XZ,g�¿ÃçÃ�]c*wkw»]

K~æ�ÇgU*"$�ÇX

(Knee jerk reflex) �Ö»wkÔ
czVÃá�Æzä~Zk§bñhØ�Zz6,Æc»nzZÑzWiZ�Z:îg6,

ÆnzZá Cap \dgìXgZyÆ�tzZá{Ã¢ïÏñD�ñ�ÖÆ
{6,!~ÐâgØgZyÆW]Å̂~�äzZàp~Ãâ^<X
ë7g~§bÐ!*ģ�Æ!*z��W]ÃiäÐ7gzuMhZ,g�¿Ã)

ZgZ�~¹Y@*ìXZ#ëÅ!*wÃcâgD�Â¸gZyÆW]ZgZ�~§jÐ
¿�D�X

HW\Îh��øg}�Æic*�{F,Zdw)ZgZ�~§jÐ»x�D�?YV&YV7?

¹�ÁzM~Z�x�bYäzZá)ZgZ�~¿Æ�zgZyZ¡[XgZ2VÃZ(g�D�z{
gL�D�X��ârJ-7(Að FXh�²ZgZ�~gZ5Àâîs�D�Zzg�âr~Ð¦/gD�
W�Z[�B�gZÝtgZ5H�D�X

(Reflex arc) wk¾y 5.5
ÅZ�bÐzZã7HY@* (pathways) ÃgZ2V (reflex) ZÞ,�~ÆZy%J-wk

åXZq-ø�ÅZ:qÃZ~.�D�ñ�g�¿ÃaZ�äT~Zq-gZ3�áï�@*ìX�Ù�{
Ð�ârc*£¦ezgJ-Zzg£¦ezgÆ�Ûd$¡7Í/õ EGÆZq-ÃLÐ**ÇÅY+$(,kìX (detectors)

wkw�'Æ�zgZyËø�»¡Z»ðÆfg=Z(gHYäzZÑgZ3wk¾yB@*ìXZ(CÙZgZ3
Ð£¦ezgÃ**ÇÅ§sßÒìX detectors 

~�ÖÆòÆz��Ãâ^H�HXZ�UZk¿ÆZ0+g¡wkÆ�áï�ä6,µH�HX 1875 �&Ð¬
p�~t!*]�gc*Ä�ð�Z¤/ÔZq-Z$o-£4k5é

E
G

GGÐ"fK�ÈgÆ�Zg<ÆZkzÃ�V£¦Z¡[í
�ó»^�c*YñÂ�ÖÆò»g�¿zZµ7�ÇX�µÔZq-¡gZ3Zk~�áïåX

¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

:�Ö»Ô 8-^

HW\Y��? !
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Z·�Z¤/W\Zq-âûRÃZiÐgfe

ÆW] (arm) �ÂZk§bÅF¾3!*iz

Åæ�ÐZiÃ̄gZúUä»:Lk�ìX̂

»x@{<�Z#ëZq-âû�6,�x 9 �D

gnp�Âøg}cÆW]¾§bÆg�¿

»ZÖg�D�X

Z,qÑ]~�vÃµ**Ç»x�D�? m

Z¡[ÆZÑZuÆ!*g}~t¿HÒy�@*ì? m

$¨45é G
G
G
ES
ÔW\ä�/H�Ç�Åg~ZzgÑÅg~îg6,»x�ä»³H�@*ì?VwÆîg6,Z#W\Zq-

¿�Zz6,Å2w6,�zh**Z�x�,gì�ÔZ¤/Z\Î"Ñzq�,�W\Æc¹VYgì�ÂZÒW\

±9ZYD�X�N!*]tì�cÆW]Æz�**ÇÅg~�âr)ZgZ�~îg6,(w�]ZzgZgZ�~
�zâVîg6,¿Z�x�ï�Xøg}�Æic*�{F,Zdw�gZÝZgZ�~Zzg)ZgZ�~gZ2VÐNzwG
YD�X

Ë¿Æ!*g}~Î8/õ FGZzgwk¾y»{�¯äÅÃÒ<X m

¡ÂxZq-Z»ðÆîg6,øg}�ÆZgZ�~Zzg)ZgZ�~ZdwÃNzw�@*ìXëøg}¡Âx»
%�/~¡Âx (1) _·Zy£â]ÅãC�6,�,Ð�VÐZ¡[»z̧q¿~W@*ìZzgQå�~

 (Peripheral Nervous System)
&
B3�
ö
G¡Âx (2) Zzg central neruous system(CNS)

Å̂~�YD�X (PNS)

¢a°U*6ÅgëgÐzZµ�CìX 100 ø�Ðg�¿J-¡Ãic*�{Ðic*�{½â

Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j

:wÏ¾y 9-^

-Z¡[

wÅ�

Z¡IY Ç**

£¦ezg

ÎÉ

(Detector) Ù�{

HW\Y��? !
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¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

%�/~¡Âx 5.6

central neruous system(CNS)

~�ârZzg£¦ezg�áï�XtÂxÓx¡ZdwÃ%1o�@*ìX CNS %�/~¡Âx
(Brain) �âr 5.7

Z#ÓxYâgzVÆ�ârZzg�Æziy»».ÞHYñA$tZK̈âV~�&Ðic*�{�@*ìX
¹Y@*ìXt&6,ÂV (cranium) �ârJA-VÆ1ztÜ�|#~ñ���@*ì& BýG

BC�Xt6,'ö~ meninges Ðe.gLì�
gSìZzg£¦ezgÃÌeJ(�XZ0+gzã6,ÂVÆ�gxyÅ

(cerebro ÜZq-(wÐ½~�Cì&�âr£¦(w
¹Y@*ìXt(w�_',�Z�&�äzZà spinal fluid)

  Bªî
G
Em e n i n g e s  zZWÅ§b»x�@*ìZzg�ârÃ

Æ�B�lV&%VÆÜs�«�ÛZë (cranium)

�@*ìXÀ)¡ï~�Äc*]Ðï�Zq-â�{»g�@*ì
&ÈgZâ�{¹Y@*ì²\Aê

I

�Zg"gØc*z{�
\
A+
ö

I

ÝsÐer
gT�Câ�{»g�D�X¬xîg6,ÈgZâ�{

&
B3�
ö
G{6,�@*ì²Câ�{%�/~{ÆY+$

�@*ìXwZmZÝzzz{_´�ì�VÐ
\
A+
ö

I

6,]�Zg"g��ârÐ!*CÙä3�X�ë¬�_·
�wI-**ãâCÙ+P]Ãt¥x�[å��ârNzw%�/Å§b»x�@*ìX 2000 �`�Ô½â

�ârøDfs&�V~$©gê
GG

HY@*ìX
(Diencephalon) Ô�â©�: (Cerebrum) Då (fore brain) Z��âr X1

(Optic lobes) c*z��ârDy~¢úE (mid brain) �gxy�âr X2

medulla oblongata Ô£ql (cerebellum) ê�ârD�� X3

(�ä�!*z��ó�ÅåÂZ**ð 2% ¤/Zx�@*ìXZ¤/p�ârgN*�)�Æziy» 1400 �âr»ziy½ã
zZEw�@*ìX 20%»

¤/Zx�@*ìX 1375 Zq-!*Ú%�Æ�âr»Zz�ziy l

¤/Zx�@*ìX 1275 Zq-!*Úúg]Æ�âr»Zz�ziy l

��
£¦ezg

&
A
ö

E

4�{

�: �â©

�T
Corpus

Collasum

:�âr 10-^
l £q

¼z� $Ò�+
ö

E

0*÷zgzà

HW\Y��? !
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Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j

:�ârÆZ�VÆZdw 1- ].zw
(Fore brain) Z��âr

�
854

è

EG

G�C��zWîg6,#�ð�C��Üs�ârÆ (Club Shaped) :te&+Zú (Olfactory Lobes) ��&¢ú
E

×
8Y+$Ð��3ð�î�X

Zk»mÎØÆ8ø LÐ�@*ìX Zdw:
¹Y@*ìXåÅR6,Fµ&ñh (Cerebral Hemisphere) t�z8V6,�@*ìq&AöE4�{ :(Cerebrum) ZÝ�ârc*å

¹Y@* (Sulci) Zzg3vV&�sÃ**[ (Gyri) Å§b�3ð�ï�q&Ò©3ý GE
G (Elevations) ñ���D��Z¸gzV

(�â© Corpus Collesum ¹�úc*Vîg6,ÃWD��CÙZq-4�{Ãeg8V~��D�X�T) (Sulci) ìX**[
�z4BÛ��zVÃ�h@*ìX

Ã�1 (Speech) Z�gZuó_.!*]Zzģ]Íc*ð (reasoning) t�â©&6V»%�/�@*ìẌgz�qCóZ+Ñw (i Zdw:
~g�rìX
Z��]»�t�@*ìZzgu�~ó¤/òó�g�Zzg�!*�ÆÏg�¿»ZÖg�@*ìX (ii

¢
ú

E

�@*ì��ârÆik,,{Ð�¬ð�êìXtåZzgz� (Rhomboidal) tZq-¥ú :(Diencephalon) �â©�:
~��Z�@*ìX (Hypothalamus) Zzgik,²� (Thalamus) Æ�gxyñ���@*ìXZt²� (mid brain) �âr

t-Ì**]��g�ówZg]ZzggzÝ»íc*C%�/�@*ìX (i Zdw:
�@*ìX (Reflex centre) WCu¤/ñVÆawk%�/ (ii 

�ºm_.!*]�×»%�/�@*ìX (iii

Kã��ZzgÈu»%�/�@*ìX (B.P) 0*ã»ÂZiyópy»�!*� (iv

Æîg6,÷Z�x�êìX (Master Gland) Ã�1�@*ì�Z*�~¼z� (Pituitary gland) ik,²�Á¼z� (v

(Pons) Æ8lç EzZgzà (Hind brain) z�@*ìXtê�âr (Stalked) tZq-gN*�Üe&+~ú :(Mid Brain) z��âr
Ð�h@*ìX (Fore brain) Zzg��ÃZ��âr

»x@{ÙX (Optic lobes) ~�ârÆâew~ñ��z��ârÆy~¢úE (Laboratory) ZK�/Ç{ l

»x@{Ù�Ã̈Kz�z4�{Ã�h@*ìX 10�̂ l

Ð£¦ezgJ-wÅÌ**]Åíc*]�@*ìZzg£¦ezgÐ²�J--Ì**]ÅÌíc*] (Cerebral Cortex) t
&
A
ö

E

"{ Zdw:
»ZÖg�@*ìX (reflexes) �@*ìXwg]Zzg�®)Æaw�]

ñ���@*ìX (Medulla oblongata) t�âr»Wy%~z�@*ìT~��Zzg£ql :(Hind brain) ê�âr
(Cerebellar tZÝ�âr&åÆnZzg£qlÆZz6,ñ���@*ìXZk~�z(,}�!3�öGE4�{ :(Cerebellum) ��

ñ���D�X hemispheres)

ÂZiyZzgW]Æw»]Ã',�ÛZgg�rìX (Posture) tzä (i Zdw:
ZÝ�ârÆfg=W¸i��{ZgZ�~w»]Ã%1o�@*ìX (ii

Ð£¦ezgJ-;�Z�@*ìX (Pons) t½ã[ú�@*ìX£qlÆzZgzà :(Medulla Oblongata) £ql
Ð07~X Matters (Grey) ZzgÈg} (White) W\ÆyÐC

pyÅ**CV~Z�x�~YäzZàu¤/ñVÐ Vasomotor u¤/ñV»%�/{�@*ìX Vasomotor t̄ó[Zzg (i Zdw:
Ãps�@*ìX (diameter) 0ì�ZkÆ¢
�Ã_ó3kîó©Zzg¢/õ GJ�**�¿Ã%1o�@*ìX (Reflexes) w�] (ii
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¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

(Spinal Card) £¦ezg 5.8

£¦ezgL~2yÅ¡**à~Ð¦/gC�ðÔ�âr)£ql(Æ1Ð
Æ1J-#�Cìt½âZTZã^Å�C (Lumbar region) n}c*#~´º

ìX�ârÆ',Üs£¦ezg»Câ�{!*CÙÅ§sZzgÈgZâ�{Z0+gÅY+$�@*ìX
\
A+
ö

I

"gØ
�&À£4/õ GGJX 11 £¦ezgÐL~2yÆ�zâVYÑ�VÐ!*CÙä3�X̂�D

Îs,Zzg,ð,�~ÆâCÙ�/àÇyÆfg=¡Nzw~£¦ezgÆgzw»
-_·H�HXZ,Vä¥xH��ârÐNzw»-**ã¦gßåX�ârÆïw�¶6,

Leonardo da Vinci Ì³Z**]~ø�6,g�¿ªCÙ�äÅ&¢AÃ�îc*�HX
äZk!*]ÃgkghH��ÃVÆ (1677-1771) Stephen Hales Zzg (1452-1519)

�âr�KYä6,Ìz{i0+{gT�¢ÃTäc*ªhe6,tYâgWCw�'ÌaZ
Ð(needle) �gì¸XZkÆ´z{�zâVx@+ägkgeH��4£¦ezgÃZq-Îð

vy(Að FX�c*�HYâḡ]��HXZSbÆo]ªCÙ�D��£¦ezgÜs�ârÐ@Zc*]
(Að FX�ä»gZ37åÉ�Yì�z{p�Zq-Nzw»%�/�X

Z6_.£¦ezg»H÷�Yì? m

Høg}�ÆÓxZdw�ârZzg£¦ezgÆgZ�&Nzw~�?YV? m

&
B3�
ö
G¡Âx 5.9

(Peripheral Nervous System) 

~W\�NMh��£¦ezgÐ 13 ^�D
c*(Connections) ÝZ¡[~�znÆgZÆ

a%,�C�Zq-ezgÆ16,c*×~Y+$Zzg�zu~
Y+$�CìÔZÞ,�~ (Vent ra l) �tc*8

Zzg�ÛZ÷ Charles Bell ÆW¸i~�zZ�ÛZ�Ze^C~
Æ�!*]Ðt!*]zZã Franiois Megendie~

:£¦ezg 11-^

:C**gez�~ź 12-^

�b�ZVZ¡[»ØÎ`�Xz{Z¡[��ârÐä3� B§ö
G
E

Z¡[BD�XZzgz{�£¦ezgÐä3
�h�D�X 31 �h�D�X£¦Z¡[Æ 12 �£¦Z¡[BD��ârÐå3zZá B§ö

G
E

Z¡[Æ

×~a%»-{×~a%×~�Ûy

8�Ûy 8a%

£¦Z¡[

£¦ezgÅ²èF,Zl
:

&
B3�
ö
G¡Âx 13-^

HW\Y��? !
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Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j

Ã»U6,Yâg~ËÌ (dorsal roots) �ð�ta%,ZZdwZ�x�î�X�!*CYâgÅ×~a%zV
ÃZ×ÐÑä6,Ì�Ða%}�ñ (Ventral roots) §b»zZãg�¿ªCÙ7�ZXp8a%zV

W]�]Ð�ÑXªCÙì�×~a%,7É8a%WCZdwÃNzw�CìX
~Z,VäZyìÑ]»ZÖgH�×~a%,Z��]Æ�â]ÃZ0+gáYC�Zzg8 1822

gZ3@Zc*]ÃWCZÁmÆn!*CÙáY@*ìX
Z6_.Ã́a%�gWg0+{Z¡[ÐZ�ágZ]qÝ�Cì? m&
B3�
ö
G¡Âx×~Zzg8a%¡ï~uzVZzg£¦z

 
B§
ö

G
E

Z¡[ÆYw»Zq-zWÂxì��ârZzg
£¦ezgÐZq-u}6,ZzgW]Ð�zu}u}6,gZÆ~�X

W\Æìw~Z¡[Ætu}WCu}6,¾§b»x�D�? m

(Autonomous Nervous System) p�»g¡Âx 5.10
)ZgZ�~îg6,Z£â]�Z0+gzãZ¡IÔ�ñ~z¬NÔ5ìZzḡW]Æ (PNS)

&
B3�
ö
G¡Âx

ë�XZk~ (autonomous nervous System) ZdwÃNzw�@*ìXZkaZÐp�»g¡Âx
»^~X»ZzgP¢~£â]ÆW]»ZgZ�~Nzw�@*ìX

øg}�~p�»g¡ÂxÐ�ºm)ZgZ�~ZdwùNzwÆYD�KÆaëZq-
»AlZzgi**Zq-¹�úc*Vx@{ìX (pupil) VwáMh�Xøg~WçÅ¡

Z#ëZq-Z0+�}#}~�Z4�D�Â¯gZËÌqÃ7�NMhXW×W×ë#}~
ñ��qzVÃ�ÚÆ�.Þ�W�t¡Æ¢~Z�±ÅzzÐ�@*ì�ic*�{gzÝÃ�Z4�ä�î
ìXZ#ëZ0+�}#}Ð�yÅzZãgzÝ~WD�Â¡»¢�Y@*ìTÐWç~ÁgzÝ
�Z4�CìXt�zâVZdwp�»g¡ÂxÆZW,ÐzZµ�D�X

W\Y���£qlz{£x�@*ì��wÅ�PÁÔwz){Ã!*�°{�@*ìXZ0+gzãZ¡IÆ
Zk§bÅu¤/ñVÃZ�x�¶~æ��äzZáÂxÃp�»g¡Âx¹Y@*ìX¬xîg6,Z+)ZgZ�~
u¤/xV£qlZzgp�»g¡ÂxÅZgnïÃ@VÐZ�x0*C�X

»x@{<Zzg 14 W�Z[�B�¾§bp�»g¡Âxi0+ÏÅu¤/ñVÃOW,�@*ìX̂�D
ZLx@Z]Ãgkge<X

ÐZ¡[�ÆÃµ�VÃYD�? (ganglions) L~2yÆ�Ûd$ñ��-zV m

�ârÐå3zZáZ¡[ÃÃµZ¡IJ-YD�X m

ÐÃµZ¡IÅu¤/xVOW,�C�? (Sympathetic System) xgÅÂx m
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¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

ÐÃµZ¡IÅu¤/xVOW,�C�? (Para Sympathetic System) )xgÅÂx m

)xgÅÂxÆZdwÆ!*g}~W\Hûgnp�? m

xgÅÂxÆZdwÆ!*g}~W\Hûgnp�? m

L~2yÆ�Ûd$zZá-}Æfg=£¦ezgÐa%}gT�xgÅÂxL~
2yÆ�zâV§sñ��-zVÅiîzVZzgZyǼZ¡[ÐáCìX)xgÅÂx�ârÆ-zV
Zzg£¦ezgÆÔzÐå3zZáZ¡[ÐáCìxgÅZzg)xgÅÂxZq-�zu}Ða%�p�»g

�h£¦ 31 �h

 
B§
ö

G
E

Z¡[Zzg 12 ¡ÂxÅú¿~ÑD�Xt
&
B3�
ö
G¡Âx»Zq-z�@*ì�

Z¡[6,��@*ìX
Z¡[Æfg=øg}�~ZZdwNzwÆYD�XZy~ÐF�v§hVÐÌ

ÐOW,{ßÍVÆ!*g}~��ÇZzgW\tÌY� (Diabetes) Nzw�D�XW\äfc*$�4ø EG
�f�Z,Z�ÛZ�Ã�Ûmfc*$�4ø EGc*Z²AZb¢87,@*ìZ#Zêpy~]ÅlZg(,|YCìX

Ì�ÛZë Idea W�¥x�,�Z²AìHÔZzgZn!*g}~ëùzZ��ñXt�Zq-
�u�øg}�~Z¡[Æ´z{NzwùzZµ�@*ìX

:p�»g¡Âx 14-^

)xgÅ¡ÂxxgÅ¡Âx
WçÅ¡»i**

°[ÆaLaZ�@*ì
]4�0î
I
EG»i**

�wÅ�PÁÅÑb~¶
pyÆ�!*�~¶�@*ì

Å5Ò5Ïî EEÆZ�ÛZi~LaZ�@*ì
N{%zVÆZ�ÛZi~Z���@*ì

V:Ãi@*ì

Ò�½V~LaZ�@*ì

WçÅ¡»Al

°[ÆZ�ÛZiÃgzÂì
]4�0î
I
EG»Al

�wÅ�PÁÅÑb~Z���@*ì
pyÆ�!*�~Z���@*ì
Å5Ò5Ïî EEÆZdw~Zzo

N{%zVÆZ�ÛZi~².5¾æG@*ì
V:Ã\@*ì

Ò�½V~Zz�¾æ@*ì

Ô�z�ìÆî]äZq-�N|ÃzZãHìX%�/~¡ÂxZzg
&
B3�
ö
G¡ÂxÆ´z{øg~N

(nick Æ%WiZ�Z:îg6,»x�YìXZÐ�zuZ�ârÐ²s PNSc*CNS **à~Zq-Zzg�V»Âx�@*ì�
¹Y@*ìX (Enteric Nervous System) ENS �~YCìZzgZnÂxÃW�Âx name)

HW\Y��? !
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Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j

 (Co-ordination without nerves) Z¡[Æ%Zgno 5.11
(The story of insulin) Z²AÅ¹ã 5.11.1

Freiburg ~DZÑ%ZnÆ6,zWÔ&éFRwÑô|ä%̀* 1868

Å�|#6,»x�D�ñºmúV (pancreas) -Eg;~Å5Ò0î EE
Æ�¾V»x@{H�ªCÙ~îg6,�Æ¬x!*DúVÐ»°Z¸

(islets ZzgZ¹½7g�ñ~z¬N½¶ZyúVÃW"5Ó4ø JGHWsÑô|
¹�H)W"5Ó4ø JGHÐ%Z�b%k,pì(pZy»÷ of Langerhans)

Y'ZÌ!*¹åXÅ5Ò0î EEÆ÷~�pgppzZá�vFßÍVä¥xH
��!*CYâgÆ�ÐÅ5Ò0î EEÃïw�¶6,Zq-Fg~Å�ú�ð�ZK̈y
Æ�g%n]~fc*$�4ø EGÆ�z¶XtZq-Z+qª(ì�pyZzg%O[~
WiZ�Z:]ÅlZgÆ)©àZ�±ÐaZ�CìXZK̈y~Zmzz**¥x¶p
o]Å5Ò0î EEÆegzwÅ§sZ�ág{�gì¸X

�Zzñ (Pancreatic duct) Z�%³Zkz�ÜzZã�ZZ#t¥x�Z�Å5Ó4-ö EEJ**à
�~)gKW-$»Zq-z(~tìÃ!*0+"6,Å5Ò0î EEy%Z[�Y@*ìpW"5Ó4ø JGHWs

Ñô;÷**gï¸XZkÆ´z{ZkYâg~T6,¿H�Håfc*$�4ø EGaZ7�ðX
J-1912 �g|tZq-åo]å�py~]ÅRb%k,púVÐzZh¶X

»gÁZkZ%Ã�`¸�W"5Ó4ø JGHZq-â�{Z�ÛZi�D��gZ�&py~WiZg��c*
Æpb%k,{Æ�Xe{:GYä6,ÌZ�ÛZi~�Ã Insula Y@*ìXÑHi!*y~

Z²A»**x�c*�HX
äWy%»g¹�D�ñ Macleod Zzg BantingóBest �k�w�Ig�~

YâgÆÅ5Ò0î EE,**CVÃW-$Å§s!*0+J�HåÐZ²AqÝ�1XZ#Zk
ÃZq-È~)0*kÅ5Ò0î EEñ��7å�gzVzgh+~Zb�c*�HÔÂZkâ�}ä Insulin

Æ�Bi0+{Zzg¡qg3X°iâ:]c*fc*$�4ø EGÐOW,{ blood sugar ÈÃÁRÅ
ZK̈âVÆ´`ÆnZ²A(,~lZg~»gHY@*ìZzg¢~ZbÆfg=�Z4
HY@*ìXOçZ²AZq-6z~%�'ì�Zj»gGYäzZáúVÐpy
~(Að FXi6,¿�@*ì

:0*wÑô| 16-^

:
Å5Ò0î EE 15-^

:0*wÑô| 16-^

:
Å5Ò0î EE 15-^
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¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

:(Other Chemical Coordinators) �v6ð%1ð 5.11.2

�ÆZq-{~�äzZázZu]py~¤/�l�äzZáâ�zVÐOW,�D�ZzgwZy
äZk§bÆZ�ÛZiZ]ÆaZ�b Starling ~Zq-Zôm,âCÙP] 1905 ÐNzwKYD�
LaZ�**(;gñ÷»Z�ÛZi�äzZá¼z�zV to impel - hormon ÃzäH)-**ãÔ (hormone) ;gñy

(»**x�c*�HÔYèZy¼z�zV~ZyÆZ�ÛZiZ]ÅF,Æa¤]c* ductless glands Ã"¤C°z�)
**à70*ðYCÔ�gZ�&py~{g`��ØYD�XZk§bÐt�zu}¼z�zV�®ZzgÅ5Ò0î EEÐ

Z�D��ZLZ�ÛZiZ]Z¡IÃ�häzZà**CVÆfg=�Z4�D�X
ZK̈ã�~F"¤C¼z�)�gzVZ�ÛZi~¼z�(0*ñYD
�XZknÆ¼z�zV»åÂx�gzVZ�ÛZi~ÂxB@*ìX¼z�ZL
;gñ÷Ã7VÑbÐaZ7�DXVwÆîg6,¤/�z~¼z�À�Á
aZzZggnp�X
;gñ÷øg}�~Aàu¤/ñV6,oZW,�3D�X
Z¤/Zq-ÂW\Æú7,YñÂW\H�D�?W\»ª

g�¿H�Ç?psi�{�ä6,HLW\äWL�~ËÌp~»x@{H?
ÃðÌÈÐ±**7eLë�&Ð¬Zk£xÐ�zg¸uÅÃÒ�D�X
ZK̈âV&YâgzVÅò~i!*yÃ±D&egDz�Üâ^<X
Z¤/ëpsi�{�ä6,ZL�»x@{�,ÂCk�8��wÅ�PÁÅÑb~Z��Ô[Ñb~
!~Ôic*�{py»�!*îÔ�Ægz�V»9Z�**zZµ�@*ìX�vq,�øg}x@}~7WC¡»AlÔ

(»{à�**�Xëôp£x6, rectum Zzgz¬ñ�) (bladder) ¢»¹ic*�{�k�**ZzgLrgV:
î6,�**gïqª(~ßŴD�X
¡ZgnoÆ0ë¬�_·�`�Ô�VZ¡[LÃ-Z¡IÐ%�/~¡ÂxJ-áYD�

Zzg**ÇZ¡IªW]Ã¬�ï�XpèÃg{!*ÑqÑ]~¡Âx»¿öz��@*ìXøg}�~Óx
¹Y@*ì�Zq-�gzVZ�ÛZi~',¤/�z~ (Adrenalin) p´VZq-�ð�ÐOW,�C�&Zi+g&45Òè GEGE

¼z�ÐZ�ÛZi�@*ìX�ÆZZdw;gñ÷Æfg=NzwGYD�Zzg¡ÂxÅæ�Ð%1o�D
�X

:%r!*i~ 17-^

113

SCERT, T
ELA

NGANA



Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j
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¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

(Feed back mechanism) !*ig�ð}+M 5.12

(ZKj�ÅaZzZg Product (Å§s�@*ìT~Zq-õ,) Loop !*ig�ð}+MZq-Çá)
(Ã�1~g�rìX¼;gñ÷ÅZ�ÛZie$Zk§jÐNzwÅYCìXW�ZjKÆ Production)

nëP;gñ÷ÅVBfe�X
�z�|Å»g~Æn¬îâ~¼z�ÃÃu�@*ìX��Zq-èpZg�z�| Prolactin Zq-£ò;gñy

a*ìXz,z,6,zÅ5»4è GHEÅ»g~~Z���@*ì,zzÐ�z�|ÅaZzZg~ÌZ��zZµ�@*ìX
Z#py~�ÃiÅR¬xRÐ(,|YCìÂZÐÅ5Ò0î EEÆ7Í/õ EGCk�fe�ZzgZn"54è GGJg�¿Æn

py~ic*�{Z²A»Z�ÛZi�D�XZ#py~�ÃiÅRÁ�YCìÂZ²A»Z�ÛZip�l�Á�Y@*ìX
Zn´z{Z,F§jÌ�X~;gñyÆZ�ÛZiZ]Ìâq,ÅaZzZg~Z���D�ZzgtZn
',@Ì�YìX

Zkat¢zg~45Âî XGøg}�~¼z�zVÆfg=;gñ÷»Z�ÛZi!*ÇÇlZg~���Æ©w
Æ_.ZdwÅZ�x��Æa¢zg~ìX

ZeÈt�Z��~;gñ÷Å»g~ZzgZ�ÛZiÃ!*�°{�äÆnZq-§i»gñ���ÇX
(Feedback �gzVZ�ÛZi~¼z�zVÐZ�ÛZiGYäzZá;gñ÷ÅlZgZzgZz�]!*igÏ§i»g

Æfg=NzwKYD��øg}�~�{îg6,gT�XÃðÌÂxpZ{¡�c* mechanism)

6ð&Ò¹ÿ EZq-�zu}Æ%7g{MhX
(Control mechanisms in plants) 7�zV~NzwÅ}+M 5.13

7�}LÆ"54è GGJEg�¿»ZÖg¾§b�D�? 5.13.1

ëäøg}�~Nzw}4,x¾§b»x�@*ì_·HìH7�zV~ÌNzwÂx0*c*Y@*
ì?W�Zq-¿ÐrÆfg)ZkÃ¥x�,X

ÆêVÃgØZzgêVÆg�¿»  Mimosa pudica (athipathi, touch me not) gðñð7�}
x@{<XHz{&×�Ìgì�?Z¤/Z(ìÂÃ́�~?

Z,qÑ]ÅVB�¶ÅÃÒ<�VW\ä7�zVÃºmL6,g�¿»ZÖg�D�ñ�¬
�ÇX
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Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j

Ã�g}Å�%0*D�ñx@{H�ÇXHW\ÎõMh (tendrils) W\ä7�}ÆâezgzV

�tùzZµ�@*ì?HW\B��tø�6,g�¿»ZÖgìX?
m@*]Zzg³Z**]Ô�zâVZLZ§ZsÆZø»]6,g�¿»ZÖg�D�pZy�zâV~L6,g�
¿ÃªCÙ�äÆ§jx/7�DZd³Z**]L6,g�¿»ZÖg�D�YèZy~¡ÂxZzg�gzV
Z�ÛZi~Âx0*ñYD�X7�zV~zZã¡Zzg�gzVZ�ÛZi~Âx70*ñYD¼uJ-Zy~6ð
ZâYc*;gñ÷ÐNzw�äÆ§i»gñ���D�X

7�}ø»]�gzÝÔ�Ô0*ãÔÍÔ�!*îÔ6ðZâYÔ�z){Åñ��Ï»Z�k�Mh�X7�zV~
Ð%Z�7�Zì(�Zz6,ÒyG� Phyto ¹Y@*ìX) (phyto hormones) ñ��;gñ÷ÃmC;gñ÷

ø»]Å�g�¿ÆZÖgÃNzw�D�XÀ�mC;gñy7�}Å!*6ÏÆZq-c*�vUÃNzw�D
�ñ7�}Åu¤/ñVÃ%1o�D�XZkamC;gñ÷Ã!*6ÏZâÌ¹Y@*ìX

øDfs].zw~PZëmC;gñ÷ZzgZyÆZdw�g`G��X

:gðñð»7�Z 18-^

¹Y@*ìX�V6,ñ��7Í/õ EG pulvini gðñð7�}ÆêVÆZ�k6,¢~ÜYà�ð�|#�CìÎ
êVÃ¦J9}gnp�Xgðñð» Pulvini ¹ic*�{0*ãZzgÎï~ÜgppzZá�D�X0*ãÆ�!*îÅzzÐ
¹Y@*ìXZ#ëêVÃgD�ÂZq- (Thigmonasty) w�'Ã�î@*ìZk¿ÃÅ.göQYw Nastic 7�Zgä6,ZYà

',¹�q-aZ�Cì�7�}Æ;gñy6,¿�@*ìXtL7�}Æ;gñy6,¿�CìZk;gñyÅzzÐíÅgv
ZK+ïÃÅ�ï�Zzgí pulvini úV~0*ãúVÆ�zu~Y+$w�'�@*ìXZn� pulvini Æ�Ûd$ñ��

4Æ�0*ãÅzZ3�CìZzgí¦}9}�YD�X 30@*20 &×�ÌYD�

HW\Y��? !
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¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

3 ].zw

Æ!*g}~I�<X (seed dormancy) ZLyÆ�B�VÅ|

Zq-j»%nykZzgèÐ½ØX®ÆÖ@Ã%nyÆ�-ZgÆ�Ûd$
�y�W\Õ@Å 5c*4 1�XãZzga%Å%»x@{�ä~tW5æ��@*ì

"543ï
GE
EG
G»x@{�,Ð%nyÃÎg`ÅgzÝ~g[ÖXx@{<�¾§ba%

Zzg�%0*D�Z[jÆ%nyÃZq-§sqD�ñZ|îg6,g[ÖXa%
ZzgãÆ%Å�»½ãZq-ßJ-x@{<X

HZq-���Z|Y+$Ì�H m

ZSbÆZW,ÃaZ�äÆnã»Ã̈Kzic*�{%0*c*ZzgÃ̈KzÁ? m

�ÃgzÝ auxins gzÝÅ§s7�}Æ%»x@{<Zzg�¶�¾§b
Æg�¿Æîg6,æä!¿�D�X

¦�D� auxin �ÆgzÝÅY+$zZáz6,×ic*�{
Z=ZkzÆ7Í/õ EG!~Ð%0*D�XãÃgzÝÅ�ñhä
Æa#³zÆ7Í/õ EGN%0*D�X
**iuãÆ&×}�ñZzg¦ñ9ñ�ñ�VÃ¦<X
�zâVàVÆ²èF,ZlkZzgpg�ÎÆfg=x@{<X

HWL',zVZ�òúVÅ̂~Ãð�Ût¥xH? m

uses ZEÑ] ;gñ÷ Hormones

7Í/õ

E

GÅMðÔãZzga%zVÅ̧& W
·.ç
E÷ Auxins

ï~�»W¸iÔYÑèVÆÃyYUÅF,(êVÅÍg¦Ï~@*íÔ�~VÃÅÜ �&43ð
J
G
H»"54è JEGE Cytokinins

Å�q-Ô!*�{xe$ flowering �Vu"543ï GEEGGZzgèVÆYUÔãÅMðÔiCÙe$
)%Õ@zZáV(ÅaZzZgÔ�VZzgèV~|ÃÂh**

E¾ Gibberellins 

(Seed dormancy) �~VÃÈ�**Ô�V~| Z
$h4hë EGF,� Abscisic Acid

ripening of fruit ]VÃåä ðA Zå Ethylene

:Îg`ÅY+$&×** 19-^

:úV»M�** 20-^

gzÝ

�t�Zgz

gzÝÅY+$zZÑz
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Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j

6,(Phototropism) äMYg83ï EGG Francis Darwin ZzgZyÆ±Æ Charles Darwin

Æu}ÃZTZã�JCzgtÐ (coleoptile) P�!*]Z�x�ØZ,VäãÆgZÏzZÅZ7l
»ºmîg6,&×ä» (Seedling) eJ7-�c*Zzg7�}ÃYÑzÐWäzZà�ð\ÅgzÝ~gÄ�c*�Õ@

¿zZµ7�ZZ¤/gzÝÃZTZä~�Z4�äÅZYi]�~�Â&×ä»¿¬x§iÐZ�x0*c*Z,Vä
ÒyH�Z#�Õ@ÃZq-gqîgÐgzÝ�ÛZëÅYñÂZz6,Ð¬Y+$¼â�}v�D�ZzgtZW,
7�}Æ&×ä»f)�Zgì

ä»x!Æ F.W.Went âCÙmCP] Dutch Y~ 1926

äWent �BZW,aZ�äzZáâ�zVÃ7�}Ðe{H
Ã»^�c*XÐ�ñ (coleoptile tip) �Õ@ÆZÅZ7l oat

Ã agar ÅR6,½âZq-]ÆngÄ�c*Z[Zkä Agar gZkÃ
gL�zV~��ÆZq-�}Ã�zu}ZÅZ7lïá�ñ

Agar 7�}Æz6,Zq-Y+$gÄ�c*Xå�"Æ�zgZyZ(£4è
E

GEZ0+�}~g3�H�Zq-]ÆZ0+gZkä
¬Y+$v��ZÏY+$ Auxins 6,gÇ�ñzÃnÅY+$&×ä»x@{H)Yè block

iZZ+úVÃ»gGTÐz{znÅ§s&×�H(
»�ZgÇ�ñzÅ§sËÌ Agar 7g3�Hå Agar block ZÅZ7lgZk»z{zT6,

§bÆ&×äÃªCÙ7HX
ÆZW,Z]8ø� (coleoptile tip) äz�s#Å�Z�Z7lgZk Went Zy�!*]Æfg=
»**x�c*�HXZk Auxin �',¹ÌyÅ/Ú6ðø�»³ìXZk6ðø�Ænf)�Zgâ�}Ã

Z�/y»ÈZ���**( auxin ä¬mC;gñyW�/yÃ�gc*ÄH)-**ãÂ Went §bÐ
w»] (nastic) ZzgQYà (Tropic) 7�zV~� 5.14

Zz6,Òy��{�!*]eD��7�zVÆZÐZ�~�VÅw�'e
�$ËìZ#z{Ûzãø»]Æik,ZW,WD�ZknÆg�¿Ãg83ï EGGc*gq
w�'¹Y@*ìÔLLø»]Å�w�'»ç�CìÔZzgLø»]Å

(nastic �Ðw�'»ç7HYYÔZknÆg�¿ÃQYàw�'
w�'¹Y@*ìX movement)

Å%»x@{�,Xâ» (creeper) W�9ÅÆ�Ûd$â�Zg7�}
�gzÝÅY+$ÌY@*ìX

»�/ (Went) z.$  :21-^

:âezg, 22-^
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¥ÅF,¹ÆaÓ#Ö»jZq-gZ�Âx - Zgno

(phototropic ¹Y@*ìtMgqw�' (photo tropism) Zk§bgzÝÅ§sg�¿ÃMg83ï EGG
Èw�'( Tropism »ÈMYgzÝÔ photo ì) movement)

ëY���7�}Åa%ånÅ§s(,fìZk»Èt�Z�7�}�æ
¹Y@*ìX (Geotropism) Æ"54è GGJµg�¿ªCÙ�D�Zk¿ÃZgèg83ï EGG (Gravitational force)

Z¤/ë"yc*�-ZgÆ�Ûd$%0*äzZá7�zV»x@{�,Â¥x�Ç�Óxa%,"yc*�-ZgÐ�zg
Zq-��~�V6,è~0*ãñ���@*ìZk§s(,_�Zk§b0*ãÅ§sw�'ÃW[g

83ï
E

G
G

- ¹Y@*ì (Hydrotropism)

Åw�'ìÒg83ï EGGÆ"54è GGJµg�¿Ã (Tendrils) 7�zV~Zq-¹��N!*]âezgzV
ªCÙ�D�pâ�Zg7�}�:ÍZÔ�ÞÔ~�¹**iu$zgZzg!*gq-�@*ìZ]Í/õG7�Z¦J&9~�ð
qª(~7ZvYâezg,7�}Ã¦J9Zgpp~gzwZ�Z�'�Ôâezg,m%"zZá7�zVÆ
àVc*êV6,ñ��Þ!*wúiZh+}�D�tZLZ§Zsñ���g}c*�ZÅ§s(,_�XZk§b

¹Y@*ìX (Thigmo tropism) Æg*ZzgÍ�ì�äÆg�¿ÃÍg83ï EGG
Z¤/Z\YwÆZ®Í-AõGF»fZB�,ÔÂ¥x�Ç�tÛ�@*ìW�ßÆnYßV6,äVÆrÑä
Æ¿»Z¬�{�,¢ô{â�}»Z�ÛZi�CìXt6ðâ�{ô6,¤/äzZáik,{�ZäÃÃu�@*ìik,{
�Z:!*gz�~Æn"3}å EGEZyJ-(:B/õ FXFEÅik,{"Ã»g�ÆZkLÆ"54è

G
G
J

g�¿»ZÖg�@*ì6ðZâ
Å))z~�a%ZzgãÅ%6,ZZW,Z0+Zi Auxins Å§sg�¿Ã6ðg83ï EGG¹Y@*ìX (Chemicals)

»ic*�{Zg�iãÅ�zúÆa�q-aZ�@*ìZzga%Å�zúÃgzÂìX Auxin �CìX

¡ÂxZzg�gzVZ�ÛZi~Âx�zZ,Âx���ÆZZdwÃNzwZzg%1o�@*ìX m

¡ÂxÆg�¿ÅwkÔZgZ�~Zzg)ZgZ�~w»]~�gzÈ~ÅY$ËìX m

»3Ô"gtÔçÞÔ',Wg0+{c*-Z¡[Ô�gWg0+{c*wÅZ¡[Ô (Schwann) g�¿ÔLÔÉØZy
Z·ZÅZ¡[Ô%�/~¡ÂxÔ�ârÔ£¦ezgÔ�â©£¦(wÔ&B�ö¡ÂxÔZ²AÔ�gzVZ�ÛZi~¼z�Ô

(nastic movements) ;gñ÷Ô8à)!*ig�ð(}+MÔmC;gñ÷Ôgqc*�w»]ÔQYàów»]

ã~ZÖp

ëäH5
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Zq-gZ�Âx - Zgno¥ÅF,¹ÆaÓ#Ö»j

%�/~¡ÂxZzg
&
B�
ö¡Âx : ZK̈ã¡Âx»_·�zi%zVÆ�H�Hì m

Zzgp�»g¡Âx (somatic nervous system) %�/~¡Âx�ârZzg£¦ezg6,��@*ì²
&
B3�
ö
G¡ÂxÃò~¡Âx m

~�H�HìX
»!*)̄�D�X (physical reactions) p�»g¡ÂxÆ�zz�XxgÅZzg)xgÅÔ�Zq-�zu}Æ#³8g�¿ m

¡ÂxÅ�!ZzgPCZ»ðìX ¡3 m

çÞZq-�giì�VZ�ágZ]Zq-�}4/õEGÐ�zu}ÃvGYD�X m

m ZW,qÝ�äÆa�ÆZq-z~aZ�äzZá;gñ÷�zu}zJ-vGYD�X  {§pZ{ðI m

;gñ÷Æ¿Ã8à}+M!*�°{�CìX
¹ (tropic movements) ºmø»]�gzÝÔ6ðZâYz){6,g�¿Æn7�zV~ZYàw»]Ãgqc*�w»] m

Y@*ìX
�D�%6,ZW,Z0+Zi�äzZá (inhibitors) c*%Ãgz1zZá (Promoters) mC;gñyÀ�%6,ZW,Z0+Zi�äzZá m

ìX inhibitor W�/÷ZzgE¾�²Z&4hë GEF,�ZzgZ#-£Ó4è GG

GE%Ãgz1zZÑ (promoters) P**Ç

(ASI) øDfsjeĝ~)ñ���VÃ6,<� (1

(As-1) HW\Îh���»�zguøg}�ÆZdwÃ',�ÛZgg�rì?VwÆ�BZL�Z[»�Zi7�Ø? (2

(As-1) W\Æ�~ZgnoÅZq-Vw�£�V�zâV;gñãZzg¡ÂxZq-�BZdwÃNzw�D�? (3

ìw<�W\Zq-Ãh}�ZyÆ0*kÐ*ggì�¯gUW\**uÈ�fe�¡Âx~7WäzZázZu]$+1Å (4

Ð1 �gc*Ä)LaZ�**(Ðá�**uÈ�äÆ¿)g�¿(J-¥x�äGan�Ø�zZu]ÃxF,KM~
(ASI) J-¶KyÎD�}F,KM�£X 5

"gtÆZ!òuzV6,',¹ø»]6ðâ�zVÃWiZ��D�? (i)
�}4/õEG

Æo-VÆfg=qÝ��{L6ðg�¿Ã»g�D��',¹ÌyaZ�@*ìX (ii)

',¹Ìyï~�Zzg"gØÐ¦/g@*ìX (iii)

6ðZâçÞÃ0*g�D�ñ�zu}�}4/õEGJ-(Að FXh�XZÏ§bÐ',¹ÌyF�}43ðGEVÆ0*gY@*ìX (iv)

Zy%»gÔÌy�}4/õGEÐ¼z�Ã5Y@*ì�$+1ÅÙ|#�D�Zzg¡úVÃ�**uÈ�ä~æ��D� (v)

(ASI) Hì?Z:¬]ÅÃ~t¾§b»gWæ�D�? (Synapse) çÞ (5

 (ASI) �zâVÆ�gxy�ÛtÃÒyÙ? (6

',Wg0+{Zzg�gWg0+{Z¡[ (b ø�Zzgg�¿ (a

(Effector) Zzg**Ç (Receptor)
&
B}Ð

ö (d %�/~¡ÂxZzg
&
B3�
ö
G¡Âx (c

âû�6,cǵ
£ðezgÆ�x»
�t�**ó¬'

ZLZõ[Ã�Ûzr�Ø
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 (ASI) 7�zV~MYg83ï EGG¾§bzZµ�Cì? (7

(ASI) Zq-Vw�ØZzgz�s#Ù�ù7�}̄gULÆÏg�¿»ZÖg�Mh�? (8

(ASI) ZÒ7�zV~a%,gzÝÐ�zg%0*C�XZkÃ�îäÆaZq-�/?m,Ù? (9

(ASI) øg}�~�3ð�¶zZàp=VÃ;gñ÷ùOW,�Mh�? (10

(ASI) ¾§bZq-ÉZq-7Í/õ EGÐ�|#~Z�@*ì? (11

(ASI) H�}4/õEGÅ�|#ø»]ÅÃÆañizVì?�tÙ? (12

(ASI) W�ò�&Ðic*�{f�³ZyìXz{H|�$Ëì��Zk§bÆË6,(Að FXi~æ��Cì? (13

(ASI) ;B~ñ��¡7Í/õ EGÆ"g�cÆ¡7Í/õ EGÆ"g�ÐgL�D�?HW\ZkÒyÅ@*G�D�?YV? (14

!*ÇZq-gLÐU*#/õ EG~Z¡IYÛzãø»]ÆÏg�¿»ZÖg�D�XZK̈ã�ÆZ,��§i»gÆ!*g}~ (15

(ASI) W\HÎh�?
(ASI) ZÖgÙ�HøDfs¿ZgZ�~¿ówk¿c*æzowk�? (16

½ZÃ��~gpp6,°[Yg~�** (iv) 6,o Keyboard (iii) ×�s�** (ii) ,O¥ (i)

Z#ë**�.Þ',�Z�&WzZiFg�ÂZL»yÈ�fe�X (v)

(AS2) #}~9ÅÆ�Ûd$gÇ�|Æ7�}ÃH�Ç? (17

(AS2) Z¤/ZK̈ã�ÆÓxZdwÜs�ârÐMzwKYNÂH�Ç? (18

(AS2) Z¤/W\Zq-eZËÐ5�]�,ÂÅ5Ò0î EEÆ!*g}~W\Á2]ÅÂ±�**e45Áõ XEY? (19

Zq-|ÆgL7�}Ãá�ZkÆZ�Ï{Ã¢ïÐeJ7-�ØZzgZÐQt\d�XZq-�J-7�}»x@{< (20

(AS3) ZLx@Z]ÅãC�6,W\¾§bMg83ï EGGÅ@*G�8?
Zq-%r»6,kZzgW\ZL�ÆZ�V6,¯Ðg�Zzg¥xÙ��Ãµ{ic*�{Z�kgnp�XH�Æ (21

(AS3 �zgZyÌZÏ§b�@*ì?)
(A53 ãÆgZk)ZÅZ7l(Æu}~;gñ÷)ZÇgzZ5~(7�Z!*6ÏZW,ÃKÆfZ\Ã̈K§i»gÃZ(g�8?) (22

ÃZEw�D�ñ£¦ezgÐNzw�äzZá¿Æ0¥â]¦<X reference books library ZKZjw (23

(AS4) øDfsÓVÃ7,�4/õGJZzg�gzVZ�ÛZi~¼z�Ð».Þ<? (24

»x t',zVZ�ÛZi~¼z�ÐZ�ÛZi�äzZá6ðZ�ágZ]Å§b (b) 9ñ÷6ðZâY���-VÆfg=Z�ÛZi�D�X (a)

»Z�ÛZi�Cì� pheromones ßÅí (d) 9zñ÷ÃZÏâqÆZ�ÛZ�Æa�gZ�ág{ZEwHY@*ìX (c) �D�X
(AS4) �vHVÃ½ZYÆ£xÅ§sgÉð�D�?

(AS4) Ð
 
B§
ö

G
E

Z¡[Ô£¦Æ!*g}~¥â]Z�<? School library ZÚ,Mc*Z5 (25

(AS5) "g~o-VZzgo-VÆ�gxyZîuÅúÒÏ�D�ñZq-¦k,Z@*gØ? (26

(AS5 �ârÅ�s**'×�{̂¯�Zzg¾§bZkÅ�«ÅYCìPï]s?) (27

(AS5) W\�~^gìZ̧e7-W\äizgÅWzZi�Zkqª(~ZkÆ0Z¡IÆ�gxy¾§bZgnozZµ�Ç? (28

(AS5) ñizVZâY»ZEw�D�ñ�}4/õEG»Zq-âew¯�? (29
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4J-x@{<Zy~ÐÃµZgZ�~NzwZzg)ZgZ�~gZ5 45 ZLë)®)�¹VÆfg=Z�x�b²/õ YGZ»x» (30

(AS-5 �?)
(AS6 �g}Æ¤/�âezgzVÆd¦»x@{¹��N�@*ìXW\ZmuZxù�,Ð?) (31

(AS7) ;gñ÷ºm(6,Ôºmz�Üºm÷ÆaZ�ÛZiKYD�XZq-�{uqÆ�B;gñ÷6,Zq-»gIy»g<X (32

�@*ìX __________ �âr»�&Ð(,Zz (1

B@*ìX _______ �z�VÆ�gxyg*�ì�ä»£x (2

mC;gñy7Í/õ EGÅMðZzgãÆu}Zzga%zVÅâu~̧&»f)�ZgìX __________ (3

Æaf)�ZgìX __________Thyroxin (4

ZÐgzÇìX�qÑ]Ãik,cÑc*�HìX Abscisic acid 7�zV~%Ã�Ûzr�ï�² Auxins Zzg Gibberellins (5

C��Ãµ;gñ÷Å¢zg]�$ËìZzgYV?
;gñy»ZEw�**ecX ________ Æ(,}7�}qÝ�äÆa!*½yÃkc*]Æ�B�B Dahlia (a

;gñyZEwHYYìX _______ Zq-��7�}Å�ápVÃM)�gZi�(�äÆf (b

;gñyæ��@*ìX ________ �VÅE²�J-fí{Z0+zi~Æa (c

;gñyZEw�**ecX _________ YÑèVÆ�ÛzrÃD¯äÆaZ#ãÆgZkc*�°}Ã»N*Y@*ìÂ (d

( ) Zq-¿~_.!*]6,�1ÆÅYäÐÔ�âr»Ã̈KzZdwZ�x�bgzÂìX (1

�� (d �gxã�âr (c �â©�: (b å (a

( ) gðñð7�}~êVÅw�'æ��Cì (2

vkl%äzZßVÐ�« (b Ã¦F,IÁ�ä (a

%Ã!*�°{¯ñ (d mC;gñ÷Ãg;�ä (c

( ) fc*$�4ø EG»mZk¼z�ÐìX (3

Á (d ',¤/�z~ (c Å5Ò0î EE (b �gµ (a

{à»VÃ6,Ù

9�Z[»ZN[Ù
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âiZGzVÃaZ�Æi0+ÏÃ',�ÛZggppÆa7�zVZzgYâgzVÆaÂ6Zq-¢zg~i0+Ï»¿ì
HW\B��Â6»¿Üsi0+ÏÃ',�ÛZggppÆa�Z�x0*@*ì? m

Y0+Zg¾§b%0*D�?¾§b1¦{Z¡IYÅ%#Ö¿~WCì? m

HZk¿~Â6»Ãð§iz©8ì?
¿Â6Æfg=Y0+ZgâiZGzVÃaZ�äÅ&¢Agnp�XPY0+ZgZñŹV6,Z

Ð��D Parent §hVÐÂ6»¿Z�x�ï�XVwÆîg6,�iÇgqÑ]~cZ$4o-ê GIGzZu
�ñ�z�ºcZ$4k5é GIG~ps�Y@*ìXt¿(,~!~Æ�BZ�x0*@*ìZzgFcZ$4k5é GIGz��~WD�X
**�iÇgqÑ]~�zcZ$4k5é GIGZq-�zu}ÐÓk~W�ZL�Æâ�{»n�!�D�Zzg'×h+cZ$4k5é GIG�W
��ic*�{',�Z�&Å&¢AzZá�D�X
Â6Æa�g»gz�ÜZq-Y0+ZgÐ�zu}Y0+Zg~Z�@*ìX�VJ-�Zq-�Y0+Zg~P
âj1CqÑ]Z,�D��Â6Æ¿Ã!¯D�X

tY+Æa�Zq-Y0+ZgH!Â6»¿Z�x�êìW�ëZq-rZ�x�ï�X

�z�|~"5¿.ç EGHc*ð»ßãÅú
"5¿.ç
EGHc*f)�Zg�D�X Lacto bacillus ëY�����¯äÆa

Â6
Reproduction

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

!*[
6
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eñÆ?)½ãÛ�k(4¤/x�z�|~Zq-Íg}~ZY 60 Zq-eñ»>��³ZzgZÐ
?Q}�z�|~�zu}Íg}~5�X 60 5�XZq-�zu}?~��á�ZÐ

�zâVÍgzVÃZh§beJ7-�ØZzgz�Üâ^ÙXCÙZq-����_»x@{Ù��_»¿
Zk!*]Å¶K0+��@*ì�"5¿.ç EGHc*Å®Z�~Z���g;ìX

�zâVÍgzV~��_Æz�ÜÃâ^ÙX
H�zâVÍgzV~��_Æa7Vz�Ü�g»g�Z? m

kH"5¿.ç EGHc*Å»ßã�WÆa�g»gz�Ü¾!*]»Z�ág{�@*ì? 60 ½ã m

¨gÙ�tX!~Ð%0*gì�XñÌ',�]~W\äÀH�Ç�Ze7-QzVÆ}¾
§b%�Zg�D�X¹�g}�Z]»�zg§]P�âV@*P̧VJ-�@*ìXPó"5¿.ç EGHc*óa;óÇñó;¶
ZzgZK̈yÆÂ6~²�~W\úc*V�Ût�NMh�X

:Asexual Mode of reproduction )ÒÂ6~§j 6.1

Z�ã)oV~Â6»¿ÒZzg)Ò�zâV§hVÐZ�x0*@*ìX
W�ëÂ6ÆZy§hVÆ!*g}~_·�,ÐX~zZuñz©8ìXªZk~izZZ
z7fe�XZ7)ÒÂ6~§j¹Y@*ìX
Y0+ZgzV~)ÒÂ6ÆaZ§hVÅ¢zg]�CìXZy~ÐP�VÒyK��

:Fission 0*gÏ 6.1.1

q-ï~Y0+Zg�cZ$4k5é GIGZzg"5¿.ç EGHc*Zq-c*iZZ+âiZGzV~��D�ñ
Â6»¿Z�x�ï�Xt¬xîg6,�K´§i~zZµ�Cì�z0*gÏÆ¿~t
�zY0+ZgzV~��YD�XZ#M7Í/õ EG»g�D�ÂZ7M0*gÏ¹Y@*
ìXZyY0+ZgzV~¸Zq-¦]ÐZ(gHYäzZÑÂ6~§iìX

W\¾§bÐ���¯äÆa"5¿.ç EGHc*��gì�? m

:Budding à** 6.1.2

Zq-�6,�ǵåîg6,%0*D�ñZLzZ+ÅxË̂qÝ�Cì
Z#ǻîg6,%0*gìÂtâ�g�Ð�ÑCå{��WiZ�:i0+Ï¦/ZgCìX�»Ãð

Yeast Ìz6Y0+Zg~%0*@*ìX}P

:cZ$4o-ê G
I
G~0*gÏ 1 -^

:P~àî 2 -^
¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx124
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(Fragmentation) gm,Ï 6.1.3

�»ÃðÌz6 Zq-�}Æfg=%0*Mh�X  PY0+Zgâ�g�Æ
»ð (Flat worms) t¿Üs��{Y0+Zg�¡�z�Û Y0+Zg~%0*@*ìX

z){~Z�x0*@*ìXZkÆ´z{ (Spirogyra) Z3],z�Z Lichensó (moulds)
¢-
A
ö

E
E
E

ZzgFi�F7�zV~ (Algae) Y0+Zg��ÒÂ6»¿ÌZ�x�ï�XZ5
Â6»Zq-¬x§iìX fragmentation gm,Ï

Parthenogenesis 6.1.4
¬xîg6,ÒÂ6~Zq-Í:izZ�VÆ5\Æfg=�zÍ:LÅ»g~�CìXHW\Y���
�Zz�])!*gzgizZ�VÐgZ�&îg6,�-VÅaZö¿~WCìX

W��Ù��t¿¾§bzZµ�@*ì? m

¬xîg6,t¿Z�ã�-V�Z5Zzg¢-Aö
E
E
E!5ÕäIMMZ3],z�Z~zZµ�@*ìX)!*gzgizZ�VÐâiZZ+zVÅaZö»¿

(Zg];Zzg Virgin Æp) Partheno B@*ìX)-**y~ Parthenogenesis Zg]aZö
. ÆpaZöÆ�( Genesis 
YâgzV~±i�çb»¿�@*ì? m

(~zZµ�CìX!*gzg�{ú)t(â�{~% Wasps ZknÅZâ¿Â6HVÔw4VZzg(¡ç ELH)
0*@*ìÔZzg)!*gzgú3,~%0*@*ìXZk¿~3,�ñ~ë�83�ö

E

G�Æfg=%0*D�²â�{��
~úô�Æfg=%0*@*ìX)�zñizéÅ®Z�Û�YCì(¬]Y+c$ÆWy%~��

��»_·<X
: (Pathenocarpy) !*�{xe$ 6.1.5

W`Àë"�Z:Ä�F,1iÔZùgz){aZ�gì�X�gCîg6,P7�}�ñi~Þ
�Zy!*gzg~Æ¿Æ%gZ�&îg6,V~%0*@*ìÔZk¿Ã!*�{xe$ë�X»g�{V"
�Z:�D�ÔF�V�Z**gÔÆÓÔQR,z){~!*�{xe$ÅF,(�~YCìX!*�{xe$Æ

¿ÃZq-mC;gñyF,(�êìX
(»ZÖg�äzZá7�zVZzgYâgzVÆ!*g}~ Parthenogenesis Zg]aZö) m

X W\ZLyÐI�<ZzgZq-â^»g<
(Regeneration) !*iaZö 6.1.6

ZL�Æ�VÐZq-*�t¯äÅ&¢AFY0+ZgzV~0*ðYCìXªZ¤/
ÃðY0+ZgF�V~I^Y@*ìc*Ze�¹�g}�zV~#$Y@*ìÂt�}WiZ�Z:

Æx/�@*ìX Fragmentation îg6,�-V~%0*D�Xt§i
!*i%gm,ÏÅZq-n¹YYìXHW\5�ÂYV?ZzgYV7? m

:"�Z:V 4 -^

:ö.c*~!*iaZö 5-^
Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

:Z3],z�Z~ik,Ï 3 -^
(Fragmentation in spirogyra)
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ËnÅ0*gÏÁz�Ü~(,~»ßãaZ�Cì?YVX m

(Vegetative propagation) mCZ�ÛZö 6.2
ZZ7�zV~Â67�}ÆËÌ{)íÔ�Ôa%(ÐZ�x0*CìXtmCZ�ÛZöBCìX
mCZ�ÛZö�gCc*¡¦�$Ëì?

�gCZ�ÛZö  (A 6.2.1

~êVÆ)gzV6,gL7�}%0*D�X (Bryophyllum) in§] :(leaves)í
z){Z#ti}ÐÓk~WD�ÂZ·¹a%,% stolens Zzg Runners $zg�Zðã� :(Stems)ã

0*C�XZ#â�g7�}ÐgZ�{�Y@*ìÂZ·¹a%,Zq-WiZ�7�}~~%0*D�ãÆfg=
(Oxalis, hydrocotyl Runner z){�X)3, TubersóCormsó BulbsóStolons Z�ÛZöÅPVB

Z�guÔ�~Ô :Rhizome Zgz~Ô :Corms (Ô Allium cepa \i) :Bulbs
9)45Ð

ö
FE
GÔZ7ZÛ~Ô :Stolons

Ôz){67�zVÅ (Radical buds) ÔMillingtonia Åa%,ÔYxÔ Murraya :Root WßÔ :Tuber
§b%0*D�X

¡¦Z�á®) (B 6.2.2
:(Cutting) ¯»g~

P7�}ZÐZ�~îg6,%0*D�Z#�ñ7�}»Zq-�ZT
6,́ñ���ZÝ7�}Ð»^�´u{��c*Y@*ìZkÆ{Ãß
è~1c*Y@*ìXP�âV��'G�ñ{T6,àVñ���Va%,
å3Æ�Zq-ZÐZ�~7�}~%0*@*ìÔVw:�[Ô£�

:(Layering) �Z[Î**
gppzZà�ácÃi}ÅY+$Zk§bqc*Y@* (node) Zk§j~�Zd$

ì��áci}Ðé�}XZk{ÃßèÐeJ7-�ï�X�ácÅgZk
Ãi}ÐZz6,îgnp�Xðh}�âV�i}~ñ���ácÆ{Ð
a%,%0*C�XA$�ácÃñ7�}Ð»^�c*Y@*ìX

Bulb )$}Ïî E( Tuber Stolon   (croms) b%q ~Millingtonia
#-
A
ö

E

G

E

àV

:̄»g~ 8- ^

:�Z[Î** 9 -^

7- ^

:in§] 6-^

¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx
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z{z�VÐa%,%0*C�Zq-67�}~ps�Y@*
9)45Ð

ö
FE
G (Nerium) : ìXVw:±2.ç

Y
E
G

:(Grafting) k0+»g~
�zâV7�zVÃZk§b�h�c*Y@*ì��zãW:~a%YD
�XZzgZq-zZu7�}Å§b%0*D�Xz{7�Z�i}~ÎgL

Zzg�zu}7�}»»N*�Z�%a%zVÆk0+ (Stock) ìZÝ
B@*ìXZÝZzgk0+�zâVÃZq-�JÐÐ!*0+|�c*Y@* (Scion)

m%J�c*Y@*ìX£/S:]Æ Cover ìZzgZk6,Zq-0*à(£4è
G

GE

qï7�}ÃqÝ�äÆak0+»g~»§iÆ�@*ìX&»45ë HEG
Zd©VÆZYwZzgVÅZ�á®)Æa.e$�ÃZ+{qìX�:WxóÂLó�[Ô�

)7�}Æã»z(Åk0+»g~Æfg=YßVZzg]VÅaZzZgÃ!��c* (Scion) Zq-â&k0+
Y@*ìX

Z¤/W\Æ!*r~�zZlxÆV�¶zZá�g|#ñ���VXZy~ÐZq-�g|#6,V(,}pÁ
®Z�~�VXV»fZB�{�X�zuZ�g|#ic*�{®Z�~gK�#ÖÆV�ÛZë�@*ìX

£/S:]Æ7�zVÃaZ�äÆaÂ6»Ã̈K§iW\ÆaÃZ+{q�Ç? m

Hàîc*0*gÏc*gm,ÏÆfg=z{�baZGYMh��ZLñe$Æ!*Çx$+{�D�X m

YVBYV7?
¯»g~ó�Z[Î**óZzgk0+»g~7�zVÅ¡¦Z�ÛZöÆ§j�XñióZ'kóVn{óZùgó�[z){

7�}Zk§bÐaZGYD�X

k0+»g~Æ§j~�zâV7�zVÅ£/S:]qÝ�Mh�X
W\Ææg�ÆÃ{:c*ZÚ.$Æfg=¡¦Z�ÛZöǢZZ+Zzgv**]Æ!*g}~¥â]Z�ÙX
ZzgW\Æ#{)®)~WÙX

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

:k0+»g~ 10-^

(Scion) k0+

ZÝ
(Stock)

�gC£�ÆaèÃg{!*Ñ§hVÃ7�zVÅ¡¦Z�ÛZöÅ].h+)ßYÐ
ps��c*Y@*ìX�!*D×z){!*D×~PmCúVc*mC!*:VÃmC
;gñVÅñ��Ï~%0*äÆaZq-�iÇgzZô~g3Y@*ìXt67�zV
~ps�YD�X¿Ðz9~DÙZgzV7�zVÅZ�ÛZöÅY$ËìX

HW\Y��? !
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:(Spore formation) &+gzVÅú 6.3

¬xîg6,ëv}�]Vóe.ÞgzKÆ�zVZzg�v½ZðZâY6,�JÇú�854è EGGZzg({g8-Æ̀sÃ
�Ù�XZ#W\Z7gD�Ât({g8-»`sW\ÅZèVÐiY@*ìXt¢-Aö

E
E
EÆfg=aZ

W\)®)Û~ñ��!*[LLy%�|Z�xÅ¹ãóó Rhizopus GYäzZáÂ6~&+g}�XVw:
~Zk!*g}~7,|`�X

¹Y@*ìXZ#&+g~ Spores FÎy%�|Â6~Z»×VaZ�D�XÎ&+g}c* Rhizopus

&+g�Zã(Ìë�XOYCìXA$&+g}�Z~x�D�Xt�Z~ Sporangium $�)
ñ��&+g}½ZZzgè~�Z4�D�X�iÇgâjw�ßZzg¤/xqÑ]~t"543ï GEEGG0*D�Zzg67�}

�)Yw�Zg mosses z){X"5¿.ç EGHc*Zzg�Ûyc* (Mucor) óñ� Rhizopus aZ�D�Xic*�{F,¢-Aö
E
E
E�

7�}&+g{iZðÆfg=Â6»¿Z�x�ï�X

c*¬x¢-Aö
E
E
E»ç¤pg�ÎÆfg=�äÆat4�@*ì�ñizVâjw~W\p�ZyÅZ�ÛZö Rhizopus

�,XZq-@*i{e.ÞgzK»�Z³XT~Ãð+B©�ö
G
EE

6ðF,I�áï:�c*Vc*F,»gc*V�Wßc*Vn}

�y�g»g�D�XZka 10@*4 ~&+g}�WÆa (Sample) z){³XZq-4+¢-Aö
E
E
EÆZi%ä

6,z7½ïEHÅZ�ZY�äÆI�µ"Å»g~�³X)Zk!*]Ãf�d�B�)z{ßvZk�/ÃZ�x:
ì( (Asthma) �,Î

¢-
A
ö

E
E
EÐZ°Yc*¹�h+�)

»%0***( Rhizopus (»x@{)e.ÞgzK6, Rhizopus mycilium) pg�ÎÆfg= (Rhizopus sporangium)

11 - ^
�J-gO@*�Zk»îz�ZÐÓk~WYñXe.ÞgzKÃZq- 1 ?cY~e.ÞgzKÃ½ã

ö8$~gÚXZk~&g�Æa0*ã»r»î�,Zzgðh~�ZZ0+ggÄ�$Ã$È��,X$Ã
@*gq-Zzg¤/x(6,gÄ�,X!*zgc{:~Z:Æ�Ûd$ËøZ[c*Ë9ÅÆ�Ûd$W\ZkÃÍg}c*',@
~gÄ�eJ7-�gÄ�ØX¢-Aö

E
E
Ec*»ð%î[W[z�Z~4%0*D�X»ð�zc*&�y~%0***Ñzq�YC

ìXpñÌÅo9LÐ&+g}�WÆaZq-ßc*ZkÐic*�{z�ÜÌ�g»g�YìX

&+g}

&+g{�Zã

8¡
(Hyphae)

',i+

¡8

¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx

�/Ç�r
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CÙðh}�y�e.ÞgzKÆ�}Ã�Ùg�Z¤/tÈ�g;�ÂZk6,YZgÅ̂~0*ãeZsg�X
�VJ-�nö8Å$Å%Ð¤/m,�,XZ¤/W\e.ÞgzKÃgD�Â�~ZL;BZh§b
�ð³XZ#¹�g~»ð0YCìÂW\ZkÅsà¯�y%�Î~ç¤�Mh�XW\({Èg}

�¶( 11 g8-Æ�B!*gq-�ÆzZà�854è
EG

G�C�JÐ%0*ñ�ñ�NMh�X)^
({�ÆzZà�|#e.ÞgzK6,%0*ð�ð»ðìXZkgzKÆgLÐ�}Ã�c*sðÅ{àeÔ~

gÄ�ZLZjwÃáY�XZzgZLyÐv�sà¯�Z}y%�Î~x@{�äÆaW\Åæ�
�,X

sà»g�** Å¬gè Rhizopus Ñ:
�*äX Disposable ó0*ãZzg Coverslip

¢-
A
ö

E
E
Ec*»ð»%:ó��{hÅsàó �g»gZâY:
0*ãÆ¢}ÃsàÆ�gxy~gOX X1 §i:

Ððh~»ð7za�0*ãÆ¢}6,eZaX (Toothpick) �ZÕV X2

Ã0*ãÆ¢}6,Zq-iZzt~Zk§bgÚ�ZeZq-)g{¬0*ãÃé�}ZzgW× Coverslip X3

W×z{%:Ã7gZeJ7-�}pZkÆn0*ãÆé:�W0*NX
Æ)gzV6,ñ��iZZ+0*ãÃ_.[�äÆaYf[»½»ZEw�,X Coverslip X4

�&Ð¬Á¤�ÜzZày%�ÎÆfg=sàÃ�BX X5

ë�Zzg0~ú�854è
EG

G Hyphae e.ÞgzK6,ñ��¬x¢-Aö
E
E
E
!*gq-�J§úZ¸g6,��CìXTÃ

BD�XCÙ&+g}�Zy~FÎ¹� (Sporangium in singular)(Sporangia) &&+g}�Zy
!*gq-&+g}0*ñYD�XZ#&+g}�ZVOYD�Â&+g}�Z~x�YD�X

&+gzVÆfg=Â6»¿Z�x�¶zZáY0+ZgzVÅPZzgVB�¶ÅÃÒÙX
)�Ûy»Ø( Sporophyll 6.3.1

B@*ìXØ»Ng Sporophyll �Ûy»7�ZÌ&+g}aZ�@*ìX�ÛyÆíÃqÝÙXtØ
x@{ÙXíÅ¬Y+$yú�½VÆW\�õ0*NÐz{&+g}�ZVBD
�XZy~&+g}ñ���D�XZq-ÎðÅæ�Ð&+g{�ZyÃÂh�ZzgZq-r~hÆ
fg=&+gzV»x@{ÙX

ó�ÛyÆ&+g}Zzg&+g{�ZyÆ�gxyÃð�t�Ù�X Rhizopus HW\ m

æzxÆ!*g}~W\HY��?z{ù%0*D�XW5)®)~WÙX m :�Ûy» 12-^
Sporophyll

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j129
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ÒÂ6 6.4

6�W\7,|`��ÒÂ6�gZÝÂ6»z{§iì�VizZ�V»5\�@*ìX&!*gzg~
ë�X!*gzg~»¿c*ÂâVÆ�Æ!*CÙ)Ûzã!*zg~(c*âVÆ�ÆZ0+g)Z0+gzã!*gz~(�@*ìXtZq-
?|ì�%æEO~YâgzVÆ"3zõ EGEâ�{³ZyÆ�ÆZ0+g!*gzg�D�X!*gzg�{"3zõ EGEË�D�X

Zzg<~%0*D�X
W!Yâg�ic*�{F,�VZzgV(£Ò3ð GGV~Ûzã!*gzg~»¿¬xîg6,�¬YYìXâ�{YâgM
®Z�~DVÃ0*ã~ghCìZzg3,F�ë-VÃ0*ã~gh@*ìX6�!*gzg~»ñµ�gCîg6,
MzwH�Z�@*ìó�Ûzãîg6,¿~W@*ìZkaM®Z�~"3zõ EGEZzgë�)iZzZ({g`KYD
�X

(Reproduction in a placental mammal-Human beings) ZK̈yX!g.5é IGC¬îEV~Â6 6.5

Ð0W�D�ÂÂ6Æa3,Zzgâ�{~ (Human beings) Z#¬îEV!*<mZK̈âV
SàÒZ¡IY0*ñYD�XW�ëZy»-_·�,ÐX

:Male Reproductive system 3,Â6~Âx 6.6
~3,Â6~Âx»x@{²-C4/õ GEGJZzg�VÃ¥x<? 13a^

(Vasa Efferrntia X',Wg0+{¤') 2 (»Zq-�hÔ Testis 1XZ&40î
EI
G)

(Vasa Deferntia X¤]**°) 4 (»Zq-�hÔ Epididymis X',ô) 3
X�is 6 (»Zq-�hÔ Seminal Vesicle Xë~ø) 5 »Zq-�hÔ

Prostate X�Zð¼z�) 7 (Ô Ejaculatory Ducts **1V)

XIw 9 (»Zq-�hÔ Copers's Gland XÃ6,k¼z�) 8 (Ô Glands
(Urethra)
Z&40î
EI
GÍ²Aªî XEÆ!*CÙ$ú�½V~0*ñYD�ÎZ&4-ö

EIJ

: Z&40î
EI
G

(¹Y@*ìXCÙZ&40î EIG~¹�#-Cå FGFZg*',�Zg**P Scrotum $)
(0*ñYD�XZy**)V~ô�Æ Semini Ferou tubules)

(~ëb»g�D�XZ&40î EIG~3,Ò;gñy̧7zyÅÌ»g~ Hundreds of Million fg=(,~®Z�)
�CìX
/ÎG�Z&4/õ

EI

GÍ²Aªî XEÆ!*CÙYV0*ñYD�?
Á(6,',�ÛZggpp~æ��CìÔ�ëtÅ»g~ 2.5 C@*2 Z

&4-
ö

EIJ$Z&4/õ
EI
JÃÁ�)Kã�Å/Ú

¢zg~ìX ³õ
Ê/õ
J

¤]**°
ë~ø
�Zð¼z�

±
Iw
',ô

)Z¼$( Scrotum

Z$k0î
EI
G

:3,Â6~Âx 13a-^

¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx
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*',�Zg**�',Wg0+{¤ÂV~T�XZêfg=ët',ô~áYñYD�X ',Wg0+{¤':
ìX CÙz~',Wg0+{¤'Zq-',ô~T��.e$�#-Cå FGFZg**1V�C�Ô�V6,ë-VÃfí{HY@* ',ô:

CÙZq-',ôÐ¤]**°ä3��Í²Aªî XE~Yg~gT�ñq(̈ÆZ§Zsa%YD�X ¤]**°:
t¤]**°~T�XZêfg=ë~(w»g�@*ìÔZ#ëb�Æ!*CÙ�D�Âë~ ë~ø:
ÂZ**ð»fg=�@*ìX ³õ
Ê/õ
J (wët

X »z�D�Zzgë-VÃ́t�ÛZë�D� Sperm Zy¼z�ÆZ�ÛZiZ]* �Zð¼z�:

Zy¼z�zVÆZ�ÛZiZ]IwÅ�-ZgzV~!Z�MÃ®s�ä~æ��ï�XZzgë~ Ã6,k¼z�:
úVÆWiZ�Z:·�~ÌZëgzwZ�Z�D�XX

ë~åVÐZq-**à¤]**°Ða%YCìZzg�is**àÅ§bYg~gSìX�z�is �is**1V:
**1VIwÆ%�/6,Zq-�zu}Ða%YD�X

1àÂ6~ (Ãv�@*ìÉë-VÃÌv�@*ìXZÐ Urine 3,�-V~Iw:Üs%O[) Iw:
¹Y@*ìX Urinogenital Duct **1V

(Æ*gä»gZ3:X Spermetozoa ë~j+) 6.6.1

*',�Zg**PX',Wg0+{¤'X',ôX¤]**°X�is¤]XIw

(: Sperm ët) 6.6.2

ñ�� Acrosome »x@{<Ôët»Zq-u�@*ì)Zz6,u� 13b^

~�Z4�ä~æ��@*ìXuÆ�gxãz~3, Ovum �@*ìÔ�ëtÃú

%�/{ñ���@*ì�â�{%�/{Æ�B5\�@*ìXuZzg�gxã�Z¤/�yÆfg=
�gxã�}» µ5Í/õ G
J

a%}�D�XëtÅw�'

ÂZ**ðaZ�@*ìX�xëtÃWÐÅY+$eÇìX Mitochondria âç»&+gc*
13(b) ^

ë~3

�x

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

ÂZ6
�gxã�{

u�
u
%�/{
¤/�y
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ë~øÔ�Zð¼z�ZzgÃ6,k¼z�ÐZ�ÛZi�äzZá(Ñ]Ãù¦îg6,ë~öi)ë�Xë~öi)Æ
¹Y@*ìX Semen �BëtÃ*

�ë-V»¬x̂ 60 µ5Í/õ G
J B@*ìX**gï!*gzg~ Ejaculation 3,�tÆ�Ð*Ã!*CÙ{g`�**

�»¸~ZzgdàÃu�**¢zg~ìX 40 Zzg�#Ö~�**ZzgZy~Ð
�wÅ/ÐëbaZ�D�XZzg/½aZ�DgT�pZyÅ¤�Ü® 14c*13 %�zV~

�äÆ�B�B�góÁ�CYCìX

:(Female reproductive system) â�{Â6~Âx 6.7

»Zq-�hÔ (Ovaries) Þ�Zy (1) »x@{<Ôâ�{Â6~ÂxÆZëzøDfs�X 14^
X)â�{Â6~ (Vagina) 

&;5
ÿ
X
E(4) ÔUterus g3 (3) »Zq-�hÔ (Fallopian Tubes) S8**CV (2)

ÂxÆ�Bdà¬îã¼z�Ì�áïgT�(

Í²Aªî XE~�zÞ�Zy0*ñYD�X"3zõ EGE.W$�gKï~�½V~»g�D�Î Þ�Zy:
Å§bÃWD�XZ¹¤/Z° (Cellular Bubbles) ¹Y@*ì�"3}å EGEZy~¬ï~ÑV (Follicles) %̀Z[

%̀ZÁ¹Y@*ìX66%̀Z[%0*@*ìZk~(wÐ½ZZq-²Aªî XEáCìXCÙ̀%Z[~Zq-zZuú0*c*Y@*ì
Æ¿Æ�»g�@*ìXZ#ú¢�Y@*ìÂ%̀Z[Þ�ZyÅR6,O meiosis �ï~�)ô�(

B@*ìX (Ovulation) Y@*ìÂ_ú!*CÙÀ_ìXZk§b"3zõ EGE»Zy%Z`Þgm,~
¬xîg6,úÞ**à)S8**à(Æah}ìzZá{)°ú{(~�Z4�@*ìX S8**1V:

S8**àÞ�ZyÆ�Ûd$ÐÑzq��WCñK�-ZgzZàg3J-#�ð�CìXZ#úÞ**àÐ
¦/g@*ìÂ!*gzg~¿~WCìXZk§bZq-5i0+ÏÅZ�ZY�C

ìX¬xîg6,zZuëtzZuúÃ!*gzg�@*ìXZzgt»g�@*ìXët
Æfg=úÅ!*gzg~ÐZq-�Æ�W»W¸i�@*ìXS8**CV
~Ð*gäÆ�zgZyt~83�öG�»¿zZµ�@*ìÔg3~î
J-tZq-úVÆ̂kÍá~ps�Y@*ìX

¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx

°"3}å EGEZy

j8**à

g3 ÄtZ°3 Cervix
&;5

ÿ
X
E

:â�{Â6~Âx 14-^
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BCìXZy Endometrium tZz**�C^Å�|#�CìXg3ÅZ0+gzã6,]�gzV�òZ, g3:
tZ[»g�D�ÔZ¤/!*gzg~»¿ µ5Í/õ G
J

6,ÂVÅñN*ð~¬Æ��góZ���@*ìX<ÃqÝ�ä
zZµ:�Â�gzV�òZ,�}��é(wÅ̂~!*CÙËY@*ìXZ¤/!*gzg~zZµ�ð�Â�gzV�òZ,Å

»ggSìÔt%5+k,<Ã½ZY�ÛZë�CìZzg**»g{â�zV» µ5Í/õ G
J ñ#-öHJYg~gSìZzg%5+k,<Æ�w

Zy%Z`Ì�CìX
ZK̈ã!*gz�{"3zõ EGE~83�ö

E

G�¿~WCìZ#tW×ÐÞ**àÅ¬Y+$
w�'�@*ìZzg!*Ñy%g3Å3,x!*:VÐiY@*ìZq-%ût6Æ�<g3ÅZ0+gzã3,x
�-ZgÐµY@*ìXt¿<ÅÞB@*ìÔA$<ÆP7Í/õ EG6,C�½V~%0*D�

(ÔZ
$©pî
EE

Chorion �½ZÅ�ÛZb�«Zzg<Ã�gZ�b�ZdwZ�x�îìXz{6,']Ðö W)

(�X Yolk Sac (Ôfg�~$) Allantois (Ô
®Ð.0îG) Amnion)

3,x!*:V~ BäzZàÛzã6,]Ðg3Å Chorion <Æ%Æ�zgZy]Ðö W ]Ð
ö
W

: «6,]
w�'�äzZápyÆ ÛZiúQ̧gaZ�D�Xg·�-Zg~ZyZiúQ̧gzVÆZ§Zs!
Å!*©Zzgg·!*:VÆ�Û[z�Zg Chorion **á�gó�W�X]ÐöW (pools) gLgL

¯D�X (Placenta) Æ{ï�!o-*î IG
àV 12 Zq-!*Ä�Cì�<ÆúVZzgâVÐï�k�ìtÜÆ (Placenta) !o-.0î IGG

Æ�áCìZzgt<Ã½ZÅ�ÛZbÆaZq-Zë�|#â**Y@*ìX¬xqª(~âVZzgâZiG{Æ
�gxypy»gZ�&·î7�@*XZy�zâVÆpy»ÂxúVÐµZq-!*gq-)«6,](Ð
´u{�@*ìX�Wxó»g0eZðM�àókc*]Zzg**»g{ZâYÅÓf8,k,~ÅZYi]�îìX

BCì�<ÆZ§Zsp�»g�CìXZÑÆZ0+g (amnion) Zq-Zzg854-ö E
E

G
E

6,]Z$©pî EE Z
$©pî
EE

:

²Aªî XE~Ze(w½ZgLìX<(wÐ½}Zk²A§õ XE~%0*@*ì�ZÐßgppÆ´z{gL
Ðôpg�rìX (Mechanical injury) }éi¿V

)g}ÅqVÆ ¹Y@*ìXtfg�~$Zzg®Ð.0îGÆ (Allantois) <ÅZq-Zzg6,]Ã®Ð.0îG ®Ð.0îG:
�
!g.0î IGZzg<Ã�hCìXZk ì £x6,Zq-�zu}ÐW:~!*ëï�Zq-ÑÑ**àú�|#¯C

¹Y@*ì (Umblical Cord) ÑÑ**àú�|#Ã**°ezg
Zk~¹�ZëpyÅ**1V0*ðYC�X�<Ã!o-.0î IGGÐ�hC�X
tâVÐ<Ã½ZÅ�ÛZb~ZëgzwZ�Z�CìX

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

Z
$©pî
EE

:ZK̈ã< 15-^

]Ð
öW

!o-*î IG

**°ezg
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fg�~$~(wÐ½}²A§õ XEñ���D�X!o-)é IGC¬îEV~ZkÆÃðºm fg�~$:
Zdw7�X

(Foetus) Zk§b<aZ�äÆa»gg�J-%0*@*ìXÜÆ�}¹~<!{�0î EEG
(Gestation period) �âVJ-',�ÛZggLìZk�zgÃæ]Ü 280 ¹c* 9 B@*ìXÜZz¹

¹Y@*ìX
(Child Birth) Å̂aZö 6.8

��Ü(,kY@*ì!{�0î EEGZzg<PS:]Æ�B%0*D�XZzgg3Å¢~Z��
�@*gLìX¬xîg6,!*gzg~Æ½ââ,¹~!{�/õ EEG»ung3ÆUÆgZ3ÅY+$ÌY@*
ìXaZöÆz�Ü¬xîg6,a»u¬!*CÙW@*ìX�Zz�]aÆc¬!*CÙWD�Xtic
Ãic*�{ë{¯�êìXëZ[J-ÌaÅaZöÆ§i»gÃic*�{7Y��z{¾§b¿
~M@*ìX

aÅaZöÅÑz¬]Zkz�Ü�Cì²g3Å�-ZgzV~0*ñYäzZáW]
Æîg6,Ck�@*ìXZ�ZY~g3Å (Labour pains) $DZzgË�Xt¿�g�i{

Å (Vegina) WCw�'Zk�g¤!g�Cì�z{aÃW×Ðâ�{Â6~Ûzã**àª&;5ÿ XE
O(Amnion) §seÇìX¬xîg6,Zk%µ~aÆZ§Zs0*ðYäzZà$ZÑ

YCìXZzgZkÆ(àâ�}{g`�D�XZk§b»¿�g�i{Æ©wÆ_.�äÅ
¶KãìXZkÆ�W]»$**Zzg!̧]Æ�B!*g!*g�@*ìXZzg&̂;5

ÿ
X
EÆfg=!*CÙÅ�*

~e��c*Y@*ìXZk§bÅ̂Zk�*!è WWæ�CìX
´u{��ï�X Æfg=a%ZgLìX&�~eZË (Umbilical cord) !{�0î EEGQÌ**°ezg

)gKÏezg~Å̂**sÐa%~gSì�P�y�´u{�YCì(
aÅaZöÆ�Ìg3ÆW]»iZîÚZkz�ÜJ-Yg~gL

Å!*©!*CÙ:WYN�¬xîg6,âY� (Placenta) ìZ#J-�!o-*î IG
BD�XÜÆWy%~zÆ�zgZyZq-W! (After birth) aZö
¬îâ~¼z�zV~¦�@*ì��gó(,_� Colostrum Å.ýú(w

�ZðP�âV ZzgZy~Zp´Vgzú�C�XaÅaZöÆ�Z
Zy%Z`�D�XâiZG{aÃt Colostrum J-¬îâ~¼z�Üs

ö**¹ZÌ»qïìX Colostrum

:ZK̈ã<Æ 16-^
%0*äÆæZg`

Ze(w

Z
$©pî
EE

^

**°ezg

ÄtZ°3

!g.0î IG

:aZöÐÐI 17-^
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ìXZkÆ��z�|»Z�ÛZi�@*ìXÅ̂aZöÆ� ~æ��ê Ã(,Jä (immune system) taÅâñ+M
Z#�z�|»»g�**È�Y@*ìÂ¬Æ�zgÅÑz¬]�CìX

YâgzVÆÒÂ6Ð».Þ�ä6,iCÙZz~)V�Zg(7�zV~Â6»¿¹Áë{ìXW�tZy
~¾§b¿~M@*ìZk»_·�,ÐX

:(Sexual reproduction  in Flower plants) Yw�Zg7�zV~ÒÂ6 6.9
ZâZqÆ!*g}~Y��Zy~P7�zVÃgh 3,50,000 @*qwëiCÙZz~)Yw�Zg(7�zVÅ½ã

�!*¹Óx]V~ÈÕ@aZ�fe�¹�g}7�}XÐW\WÙ�z{Yw�Zg7�}��XZyÅ
�C�XZy7�zVÅ�#ÖFHziã�g½VÐá�Zq-ezwÆ�Zä (Remarkable) S:]úc*V

�g|#ó�gZg�y»�-�ä Sal Æ�z¹¶W!7�zVJ-Z�C�XøDÅakV~0*c*YäzZÑ
7�Z Orchid �g|#Å�ác6,QuzZÑ Jungle tree

µ5»4
ø
G
H

�XW�Z[ëYw z){ÓxXYw�Zg7�}
�Zg7�zVÆÒÂ6Æa¢zg~�VÆ!*g}~
7,³ÐX

YwXÂ6~z 6.10
:(Flower  the reproductive part)

}ÆÂ6~{YwÆZ0+g0*ñYD Yw�Zg7�
�XW\äYwÆZ�VóZ¾)'-Vóigg3V
Zzgx',ÍVÆ!*g}~_·HìXYwÆÂ6~{

0*ñYD�z{igg8 Germ cells T~Ò7Í/õ EG
BD�X  (Carpels) Zzgx',v (Stamens)

'c*VZzgZ¾)H»xZ�x�ï�?¨gÙ? m

~�b�YwÆ�VÆ**xÉÀ�/õGX 18-^ m

YwÅ�|#Z@*g�ZzgCñ��VÃ**'×�Ù m

ZzgZyÆZdwsX
Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

:18-^
YwÅ�|#»x@{<
Zzg�VÆ**xsX

6�ë_·�`��)ÒÂ6ÐZ,Y0+ZgaZ�D��¬xîg6,zZuñÅ!o-öIEWÜ�D ÒÂ6ÅZÌ:
�X)ÒÂ6Æa�zâVzZ+Å¢zg]�CìXZzgaZ�äzZáY0+Zg~�zâVzZ+ÅS:]ÅWöl�C
ìX)ÒÂ64§iZka�Y@*ì�Zk~zZuñß�Å¢zg]�CìXZzgizZ`Ã�l�äÆaz�ÜZzgÂZ**ðÅ
¢zg]7�CXpÒÂ6Y0+ZgzVÃZ+S:]aZ�he~çzyì�âjw~4i0+Ï¦/ZgäcZLW\Ã
$+%ÆaZ7¢zg~�C�X$ÅZ�ZY~ÒyK�cZ$4o-ê GIG~Òz)ÒÂ6Æ!*g}~̈gÙX

HW\Y��? !
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¹Y@* (Unisexual) Z,YwT~igg8c*x',v0*ñYD�Z7Zq-@
(Bi X��zó"5é FFðz){ZzgZ,YwT~igg8Zzgx',v�zâV0*ñYD��z@

YwBD���ËgZz){Xigg8)3,Â6~{Ã3,Ã^ë�(ig�Zy~ Sexual)

3,Â6~7Í/õ EGaZ�D�Xx',v)â�{Â6~{Ãâ�{Ã^ë�(Þ�ZyÆZ0+g"3}ë EG
E

~â�{Ò7Í/õ EGaZ�D�Xx',v~&Zë{�D�XZy~ik,{�ZâV (Ovules)

Zzg�ZÞ�Zy (Style) ÃqÝ�äÆaôó�zuZ3,ÒúVÃ*gäÆagZ3ä
»g�@*ìX (Zygote) �V3,Zzgâ�{ÒúV»5\��t

Z#Zq-YwÆig�ZyÐik,{�Zä»n�!ZÏYwÅ|6,zZµ�ÂZk¿Ãp�ik,Ï
(¹Y@*ìX}æ»7�ZX Self Pollination)

Z,7�zVÃ¥xÙX~p�!*gzg~»¿Z�x0*@*�XHZ+�.Þx@{S:]��
W\ÃtY+~æ��î�Æ7�Zp�ik,ÏZ�x�¶zZànÐ0ìc*7Xfs~�~

p�gm,Ï»¿ açzy�VÏXZ¤/ig�Zyx',vÅôÆn0*ñYD�VÂ �VBW\Æ
zZµ7�YX

YßV~3,Â6~7Í/õ EG¾§bâ�{Â6~úVÃ!*gWzg�D�? Z,7�zVÆ m

W\äë)®)~7,Jì�6,0+Zzg�Z]�gZÐ7�zVÃik,ÏÆ¿~æ��D�?
Z,7�zV~�Vâ�{Â6~{Zzg3,Â6~{´u{´u{YßV~0*ñYD�X

z;V¾§bÂ6»¿zZµ�@*ì?ë)oV~W\ä�zz){Æ!*g}~7,JìXZÐc*�gqpX

Z#Zq-7�}ÆZq-YwÆik,{�Zä»n�!ZÏZâZqÆ�zu}7�}ÆYwÅô6,c*QÏ
(B@*ìX Cross Pollination 7�}Æ�zu}YwÅô6,�Ât¿0*gik,Ï)

W�Z[ëiCÙZz~7�zVÆÂ6~�V»x@{�,X3,Â6~�c*ig3V6,Zq-$ú�|#
�CìT6,gN*�túQ¸g0*c*Y@*ìXik,{BðYäzZàZy�½VÃër~�Ï°�Æfg=/W�ã

6~�J-V�"3zõ EGEÃ!*gWzg�Æt»g�@*ìX �NMh�Xtik,{â�{Â

18(a)^
q-@Yw)â�{(

18(b)^
q-@Yw)3,(

18(c)^
�z@Yw

Y~U*"$H�Z#7�}Ë�D�ÂZy~p�!*gzg~»gDy¹ic*�{0*c*Y@*ìXZzg 1876 eZgzyä
Z#ZÏnÆYwÆZâZqÐy}gT�Âz{!~Ð0*gik,Ï»¿Z�x�ï�X

¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx

HW\Y��? !
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ik,{�ZâV»x@{
c*É$z){Ãð Tridax Zq-sàá�Zk6,0*ãÆP¢}eZaX£�

Yw³X0*ãÆ¢}6,ZkYwÃòÐh�XW\0*ã~yú�854è
EG

G

�BÐXtik,{�Zä�XZ7¬�4°ÐÆfg=Zzg�~%�'y%�ÎÆ
fg=x@{ÙX

W\Æ�/{:~ñ��ik,{�ZâVÆxsà»ÌW\pg�ÎÆfg=
ÐZk»ñZi:Ù 19 x@{�Mh�XW\Æx@Z]Å̂Z@*g�Zzg�~�̂�

�~�̂�z%�/zVÃªCÙ�CìXik,{�Z:Üsô6,�%0*@*ìX
Å�|#6,̈g�**�ÇX (Ovule) ZkÆ�Ã̈K¿zZµ�Ç?�¿ÃKÆa�Þ�Z:

Å�|# (ovule) "3}ë EG
E 6.11

ÅZ0+gzãY+$Zq-e&+~Ða%Z�Z (Ovary) Zq-Z&+Zú�|#ì�Þ{: (Ovule) "3}ë EG
E

:~Zq-ó�zóFc*Q%zVÅ®Z�~Þ�Zä0*ñYD�X �@*ìX7�zVÆZâZqÆÒpÐZq-Þ{
ñ���CìX854-ö EEGE$izZY (Embryo Sac) CÙÞ�ZäÆ%�/~0*ãZzg½ZÐ½~�ðpg�|854-ö EEGE$

6,��CìX (Gametophyte cells) 7z�zVÆúV
úVZzg (7) ic*�{F,ZlxÆiCÙZz~7�zV~854-ö EEGE$ñ���Cì��]

~ (Female gametocyte) %�/zV6,��CìXâ�{izZY3 (8) WJ
�&Ð¬�zZg&%û83�ö

E

G�zZµ�CìXTÅzzÐWJ%�/}zZà
854-
ö
E
E

G
E$»g�CìT~Zq-(,Z%�/~30*c*Y@*ì��z%�/zV6,��@*

¹Y@*ìX&7Í/õ EGZz6,~zÅY+$ (Polar nuclei) ìTÃª%�/}

¹Y@*ìZ#�â!*¹7Í/õ EGÎgZ/ (Antipodals) w�'�D�XÃ¡7Í/õ EG
)z{(�VÐik,{"Z0+g�Z4�Cì(6,0*ñ (Micropylar end) Æu}

¹Y@*ì (Synergids) YD�XZy~Ð�zúVÃZæZ�~7Í/õ EG&\A¹é Xg}

ÅR6,ñ�� (Stigma) ë�Xô (Egg cell) ZzgZq-�gxã3ÃZ&+Z3
Zzg�zu}â�}ñ���D (Sugar) »Z�ÛZi�D�T~] (Nutrient Fluid) 7Í/õ

E

GZq-ńð(w
»g�CìTÆZ0+g�z (Pollen tube) �X�ik,{�Z:Æ"543ï GEEGG0*ä~æ�Çg�D�TÅzzÐik,{"

��854-ö E
E

G
E$~ik,{"»Wy%~uZ�Z4�@*ìZkǢgU�ik,{"»Wy%~uZ %�/}ñ���D�X

OY@*ìZzg854-ö E
E

G
E$~�z3,izZZ{g`��ØYD�X

¯@*ìXt¿!*gzg~ (Zygote) ~ÐZq-3,izZzZ&+Z3Ðï�t (Male gamets) Zy�z3,izZ�V
B@*ìXZÏ�zgZyZ&+Z3!*gzg�Y@*ìXZ[�zuZ3,izZz��ik,{"Æfg=854-ö EEGE$~{g`H�Z�@*ìz{

(Embryonic plant) �gxãz~w�'�@*�ZZ£à%�/{Ð5\�@*ìXtÞ�Z:ÆZ0+g854-ö EEGE7�}
~%0*@*ì

Å»g~ÆaLaZ�CìX��Þ (Endosperm) Z£à%�/{Å!*gzg~Zq-5!*Ä�gzy�
�Z:»%zZµ�@*ìÂZk~½Zðâ�}fí{�ä��X

(Double ÐZzg�zu}3,izZz»Z£à%�/{Æfg=5\�zCÙ~!*gzg~ (Egg) Zq-3,izZz»Z&+Z
BCìX fertilization)

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

ik,{�Z:

ik,{"

:ik,{�Z: 19-^
%�/{

Þ{:BÞ�Zy
"3}ë EG
E

854-
ö
E
E

G
E$

izZY7Í/õ EG

:
"3}ë EG
EÅ�|# 20-^
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�VJ-øg~¥â]�ó�zCÙ~!*gzg~ÜsiCÙZzg~7�zV~�¿~WCì�zCÙ~!*gzg~Æ�
ô�Æfg=�gzV�!*Ä�WÐÞ�Z:Å�#Ö!~Ð(,"@ìZzg6<»%�@*ìX

~fí{�{½ZÃZEw�Æ%0*D�X (endosperm) <Zq-c*FÕ@ÂV6,��@*ì��gzy�
YZg7�}�®Å̂z){~aV�Þ�Z:Õ@~ps�D�Õ@&4/õ FG

G
�gzV�Ðfí{�{½ZÃÇ

�b%z~c*»ïîg6, �Æ_.[�fe�Xífí{�{½ZÅzzÐÕ@"54/õ FGGJÅ�#Ö(,|YCìZzg�gzV
�Z:ÅÕ@~p~Æ ¸T$�Y@*ìX¹Ð�viCÙZz~7�zV)�hc*Zg&+~z){(~�gzV�!*ÄÞ

�B�B(,fYCìX
!*gzg~Æ�tF!*gË��Þ�Z:~<»g�@*ìXÞ�Z:6,Zq-JÅ»g��z{Õ@~ps
�Y@*ìXÞ�Zy!~Ð%0*�V~ps�YCìXZk�zgZy�viCÙZz~{ÎÄ�QYD�X

V~YwÆÃµ{�3ð�ï�? m

~%0*@* Seedling !*gzg~Æ�aZ�{Õ@~w»7�Zc*<0*c*Y@*ì�o�&qÑ]~Zq-
ìXZk¿Ã"543ï GEEGG¹Y@*ìX

Õ@Å"543ï GEEGG
ñ8-^c*WÆ¼�ZâVÃgZ]½0*ã~=�iZZ+0*ãÃïw�ØZzg�VÃ�
À}ÐeJ7-�ØZ7Zq-�yJ-gÚXz9z9ÐZk6,0*ã»r»îÙZka�
z{È:�YNX

Õ@&4/õ FG
G

ZÅZ
ñw

:Õ@Å"543ï GEEGG 23-^

ô

Þ{:

"3}ë EG
E

izZY7Í/õ EG

854-
ö
E
E

G
E$

ä
ik,{"

¡7Í/õ
E

G

ª%�/{

\A¹é Xg} ZæZ�~7Í/õ EG&
ú3%�/~3

:â�{izZY7�Z 22-^
:!*gzg~ 21-^

integuments
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Ð».Þ�D�ñ�VÅ¶K0+� 23 �zu}�y�VÃÅw�ZkÆ�V»x@{ÙXZzĝ
ÙX

Z[J-ëä�¬�Yw�Zg7�zV~ÒÂ6¾§bzZµ�CìX
�g`fŝ~Zq-7�}Æå äx@{H�7�zVÆYßV~¾§bÒÂ6¿~WCìX ë

�zg§]»x@{ÙX
ï~�Zzgi0+Ï»ö 6.12

(Virchow ) i0+Ï»öc*ÂJúVc*QÒúV)izZ�V(Æfg=¿~M@*ìzga
Omnis cellula e **ò�0ZVäï~ÃtÃ7HXZk»¹�H]LL (1821-1902)

óóc*67Í/õ EG¬Ðñ��úVÐ�z��~WD�Zk!*]»x@{ì�6úVÅ cellula

ð~ï~�ZÌÅqïìX
ä<Æx@Z]ÅãC� (Robert Remak) Y~Zq-%̀ð�0ZygZ',^gZu 1852

6,ï~�Ð0ZLx@Z]ÅS®)ÅXï~�Æ}4,xÃKÆatª�xåXZk
ä¹�úVÅ�z0*gÏ³ZãúV~Â6»fg=¶Xï~�Æ�zgZyHzZµ�@*ìXZk!*]Ã
Zkz�Ü9îg6,��HZ#�0ZâVä7Í/õ EGÆ%�/{~ñ��Z�xÅYïg~qÝÅX

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

!*gzg~

<

��{V
"543ï
GE
EG
G

Õ@

t

T{

!*Ú7�Z

:iCÙZz~7�}»�zg§] 24-^

ik,Ï

zZl¡Í-.5ë
E

GE
Y

:2.5^
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äFZq-³ZãZzgmCúVÅYõÅZzgZ7ÉH��Ã (1843-1905) Y~zZl¡Í-.5ë
E

GE
Y

1879

ªCÙ�D�XZk§bÆúV»x@{�äÆ�Zkä¹�%�/zVÆZ0+g�JÐú�854è EGG0*ðYC
»**x (mitosis) �X�ï~�Æz�Üîàîg6,OYC�XZk§bÆ¿ÃZkä83�ö

E

G�
Æp!*gq-�JÐ�(aè��äzZà�854è

EG

G�JÍVÐx¹gBb�XZkä!*gq- Mitos �c*X)
|Ðx@{HZzgZy�½VÆ{Æ¯�XZkÆ´z{Zkä�Æ¿~z̧q5+k,F,KMzZgx@{
HXZq-�ìÆ�Zy�JÇú�½VÃ�zñizx»**x�c*�H)g8-�ZgZ�x(Xaè�0ZâVä!*g!*g

»ZEw�DgìÂZy�½V6,¹ic*�{�ÆÃWñ�X (dye) x@{�äÆa%�/{6,g8-

ä¹��zñizéZq-ZnÆ�.ÞÂZg_ÁÜÃ Wilhelm Roux (1850-1924) z

Å;5Ð
ê
X
G

gz¾
ZL�BáYD�XZzg¡Í-.5ë

E

GE
YÆfg=îà0*gÏ»x@{Zk!*]ÃD¯@*ìX�ZyÁÜÅ)z~îg6,

Åæ~�.ÞÂZg_â�{Æ�z!*g{�gc*ÄÆ�BZy Gregor Mendel-1866 ��CìX¤/ug�w
}òÃ5äÐÂZgOâ�}ÅÃÆ%�/~��ZgÃ¹ZÌqÝ�ðìXï~�~Zq-3�zÛ

Diploid úV~��@*ìXZk~�zñizxÅ®Z�)z~�CìX�ñß�3Æx/Zzg
)�zÍ:(�D�X

p�zñizxÅ®Z�å)z~�CìX§»]�ZVZkÐ0ª]~7,�Z#7Í/õ EG��D
�Â�ºúV~â�gúVÆ)z~®Z�~�zizx0*ñYD�Xë�Ûn�D��ï~�å83�ö

E

G

�zñizx» 46 Æfg=�¿~WCìXZK̈ãúúVZzgë~úV~�vúVÅ§b (mitosis)�
92 0*c*Y**¢zg~ìXZ¤/Z(�Â!*gzg~Æ�zgZyú%�/{Zzgë~%�/{ÆZ£wÐ�WzZát~]

ZzgWÐYñÇXpZ( 368ó184 �zñizx0*ñYäecXZ¤/t¿ÚWÐ(,k�Ât°�
7�@*ìX

(1834-1914)(August weisemen) W7zZ,̂}
Zq-§»]�ZVätGz�]7KX

:W7zZm,} 26-^
¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx140
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Z�YV~7VZâZqÆZ�ÛZ�~�zñizxÅ®Z�7V�CìX X1

Z�ï~�~�zñizxÅ®Z�åxgSìX X2

1904äTheodor Boveri (1862-1915) ô�F,IÃ�&Ð¬¹eZg1zk,~
HX854-ö E
E

G
Eâ�{Å6ðâÎÃ�zZg�c*]Æfg=Z��k�ßV~H�HX ~¤&

Å (Deoxy ribonucleic Acid) Y~¾zZ?Zzg�ÛZ1�q-äe~WËgZ&43ð HGEE®Ò5ëGZ� 1953

�ÆÓxúV~¿~WCìXZzgZk~ mitosis �gc*ÄÆ��0ZâVätU*"$H�83�ö
E

G�
ÒúV~¿~WCì�V�zñizxÅ®Z�Û (Meiosis) �zñizxÅ®Z�',Z',�CìXô�

»x@{ÙX 27 �CìX�g`fs

ZK̈âV~ï~�: 6.13

ëY���3ËÌ��Åi0+ÏÅ�!zPCZ»ð�@*ìXÓxY0+ZgzV~3���6
7Í/õ

E

G¯@*ìXï~�»¿q-ï~Y0+ZgzVZzg%c*CMï~Y0+Zg�ZK̈âV~Ì7V§j»�@*
ìX

�ßV~Zq-!*ÚZK̈y 20 ï~�z{¿ì�ZK̈ã!*gzúÃâ̧V~Zq-aÅ̂~ZzgZ�
~ps�@*ìXMï~Y0+Zg~ï~�ZzgZe¿!*�*îg6,¹ic*�{%c*C�@*ìXtZÏz�Ü¿~
W@*ìZ#Zm¢zg]�CìX

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

�v7Í/õ EG

ët

ú
**!*ÚÂ6~7Í/õ EG

!*gzg�{ú

ët

ú
:ï~� 27-^

�zñizx n Zzg 2n ËÌ¿Åi0+Ï~�znÅï~�0*ðYCìX
Ð�CìX� (n) ÅzzÐô� (2n) Å®Z�ZZnKM83�ö

E

G�
Åtqª(Åtn»¦gzZ,̂}ä7HX

A~
W]
¢

É
¼�z

py

ô�

83�
ö

E

G�
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øg}PZ¡IY��wZzg�ârÆ7Í/õ EGL�7�DX²A-VÆÍ�}Æ7Í/õ EG!~Æ�B
�@*ìX�ê �y 120 ���pyÆuc7Í/õ EGaZ�D�XX»²�§]øg}�~¹�¾ª

Z¤/W\ÅZi�'YñZzgpyyÑzq�YñÂpy~Z+A)é EE���pyyñ��Y@*ìXinÆ£x6,F
6ðZâY¦��¢~úV~Zq-LaZ�D�X@*�z{��YNZzginÃ¢Ð¢qï��,X
Z#inåîg6,qï�Y@*ìÂï~�»¿guY@*ìZkÆ',Üsu¤yÆ7Í/õ EGZ,úZïÆa
Ãðg�¿ªCÙ7�DZzgÚ��DgT�XZk§bz{ö!*yúVÃhu�D�XZ]Í/õGt!*]
¹�ZÌÅqïì�ëï~�Æ§iÃZh§b�YNXï~�zg�tK~çzy�@*ìX

ï~�zg 6.14

ï~�ï~�zg».e$gN*zìX83�ö
E

G

BñYäzZàï~�»¿ (Mitosis)�
4~å�Y@*ì)tz�ÜúD� 60@*40

Æaì(�zï~�Æ�gxy»z9ZÚ|
B@*ìXtz{z9�@*ìT~ (Interphase)

(Copy) ZK!o-ö
IE

W Genetic Material HºCâ�{
¯@*ì@*�t83�ö

E

G�Æ�zgZyqÝ�äzZá�º
úV~)z~îg6,��VZÚ|&%ÖV~
�HYYìX

Æ�gxy (Gap phase1) (replication) Æî',� DNA t8�-ö
E

G�Zzg :Z�ZY: GI Phase .1

gZ�»z9ìXZkz9Æ�zgZy7Í/õ EGÅ�#Ö~Z���@*ìX
(Duplication of Æ�WÆ¿»z9ì��zñizxÆ�F¿ DNA t :S-Pha se .2

Æîg6,WÐ(,kìX chromosomes)

(GAP2 »Z!xZzg83�ö
E

G�ÅZ�ZYÆ�gxy»z9�@*ìÔX DNA replication t:G2 Phase .3

ï~Z�xË���zñizxÃ83�ö
E

G�Æa»g�D�X Phase)

:ï~�zg 28-^

M �( 1)

M

G2

S
G1

G2 ]( 3.5)

S ]( 10.5) G1 ]( 10.5)
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6, �&43ð
J
G
H»"54mø
J
G
E

(Cytokinesis) ìXt6,Z|ÔwÐ|ÔZ**|Ô÷|Zzg phase tï~�zZÑ :M Phase

��@*ìX
ZzgY

$j
è

E
E

)e5±Ù(äï~ Potu rao Æ�gxyPCmÃ\A�/õ EEÆa7IgZî Phase Zy

Z£w2ZEw�D�ñP(,}�!*]Z�x�bXª�!*CqÑ]~�zúVÃ�H�HXï~
Å�|#eðX� (G1, S Zzg G2 Z£wÅZkÂÅæ�Ð7IgZîZgY$jè EEä«%ûZÚ|�zñizé)
Æ�zZgZzgZq-�(,"Æ Cell cycle pg�ÎÆfg=¬xîg6,�3ð7�îìXZrVäï~�zg

¿ÃªCÙ�äÆaØZ@7KXt¿6ðZ�ágzVÆ�NzwHY@*ìXt6ðZ�ág}%�/{Zzg
3âtÆ�gxyÓf8,k,�D�Xt�!*]ï~�zgÆ_·~Zq-LL�éóóÅwgnp�X

: ï~�zgÆ83�ö
E

G�~Z%ÖV»x@{
W\Æ�"{äÐï~�Æ83�ö

E

G�ÃCäzZáxsàk³XZy»pg�ÎÆ
fg=Ngx@{ÙXW\Æx@Z]Å^Z@*g�XW\Æx@Z]»�g`fsZDwÐ».Þ

(X 29 ÙX)^X
BCìX��z�º (Cytokinesis) 3âtÅ��&43ð JGH»"54ø GEG Æ� Karyokineses %�/{Å�

úVÆ�W~çzy�C�X�Æ¿Ð*gäzZà!*:V~úVÆx@{Æ�zgZyï~�Æ
ZæZg`~�Ût�**W�y7ìX

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

6,Z| wÐ|       Z**|     ÷|
%�/{Å�Æ%Zi (Mitosis) :

83�
ö

E

G� 29-^
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ô�»%³ 6.14.1

¿~WCìX (meiosis)
83�
ö

E

G�Æ!*Ç',@ªÒÂ6~iZz�VÆ�WÆ�zgZyô�
0*ñYD�( (2 x) ô�Æ�z%µ�D�ô�Æ¬%µ~ñ3)�zñizxÆ�zÃL

��D�Xô�»�zuZ%³¬x83�ö
E

G�Æ �ºúV~  �z%û��@*ì²�zñizxÜsZq-%û�
xË�@*ìXp�zñizx�zu7�DZzgCÙ7Í/õ EGÆa�zñizéÅ®Z�7Vîg6,��YCìX

1- ].zw
z�s# %³

�zñizx�Ûd$WD�X%̈ác*YwÅ^~ÃWD�Zzg��{pg�ÎÐÌ�s�3ð X1
¹gN*�Y@*ìX (nucleoli) �ï�XZzg%�/[

Centromere)( ¯D�X�Xnz£a (Chromatids) �zñizxîàîg6,Ë���zxQ+ X2
Æfg=!*ëa%}�D�X
âZC6,]I^YCìX X3

(Spindle Fibers) ���$¹Ðö Gg8 (Centrioles) Wzizx~ñ��scú%�/¶ X4
¯D�X)¬xîg6,³ZãúV~t�@*ì()â^:ô�Å§b�zñizx~�hc*V7k��(

ÅY+$w�'�D�X$¹Ðö Gg8Ô�z÷Æ�B (Spindle equator) �zñizx$¹Ðö
G

Z2Zð X1
a%}gT�X

çz÷��Y@*ìZzg�zxQ+´u{�YD�X X2
Wz÷Ða%}�ñ$¹Ðö

G

g8iYD�Zzg�zâ[+Ã̈ÅY+$q�X X1
�zx[+Æîw~Z���@*ìXt�YD�Zzg¸T$�YD�X X1

)�zñizx�WÆaZk%µ~¿�@*ì(
%�/Zð6,]Íw�º%�/}¯CìX X2
%�/{�z�V~Ë��3âtÅ�Ñzq�YCìZzg�z7Í/õ EG»g�D�X X3
ï~6,]O��º7Í/õ EG)³Z**](¯CìXc*Zq-5ï~�-Zg$¹Ðö

G

Z2ZYÆZ§Zsk�� X1
)m@*](

�Æ¿Ð*gäzZà!*:V~�ÆZ%ÖVÆ�gxy�Ût�**W�y7ìX X2
»x@{ÙX 1 ].zw

6,Z| X1

wÐ| X2

Z**| X3
÷| X4
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Zk§beg�ºúV~izZYâ�gúVÆÛ®Z�~�zzñizx0*ñYD�Xtq-Í:)ÜsZq-�&
�zñizx(�D�XÅ<å XEZtï~�ô�ÌBCìXW\ZkÐ0Z�)oV~,Ð7,³ÐX

W\

83�
ö

E

G�Zzgô�~H�ÛtCk�D�XZq-].zwÅ̂~sX m

Z¤/izZ�V~ñÅ§b�zñizxÅÛ®Z�:0*ðYñÂH�Ç? m

tÒÂ6ÐaZ�äzZà±6,¾§bZW,Z0+Zi�@*ì? m

:(Reproductive health) Â6~¡ 6.15

�w( 18 �w(Zzg±YVÆa) 21 gc*4Ó#ÖË:ä�â;±ÃVÆaÁZiÁ�á�~Å/) m

YVHgÅìX
HW\Zq-c*�za�äÆ��!*gzge$ÃZq-�Yf)�Zg~¦g�D�? m

M\äLL¡q�`óóÅZ�bÆ!*g}~H�ì? m

HW\�Å�á�~Å@*G�,Ð?YV? m

6�ë�N`��Ò�º)Zq-D+g�¿ìZzg¬xKã%0*äÆ�zgZy�zZµ�YCìX
Å<å XEZðh~ÏÒ�º)»Èt7ì��c*f�IÑ]Æa»gìX'×h+',ZV�zäÜc*aaZ
�äÆ�.ÞÌ7�@*Xë¾§bê�Mh���c*f�Zkxf)�Zg~Æa»g�Xøg}

�z2VÅY+$Ð�F_V~C_�äÆa�!*îeZÑY@*ìX²ëZ7Z�x�bc*:�beT
�VX{0+ZyzZßV»Ìë6,�!*îgLì�ë�á�~�BXZzgaaZ�,X

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

X6,z9Z 1 1 wÐ|
1 Z**| 1 ÷|(Meiosis) :ô� 30-^ 7Í/õ

E

G �º
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Ó#ÖZzgg�»gZ:"3�.3ð G
EE

GVÅY+$Ð�!*îgLì�a:aZ�,ZyqÑ]~9ê¢8¹�Zë
%³�@*ìX

)®)ÛÆ$LLëFgYV�D�óó~ëYy`��Fgc*VZq-¿Ð�zu}¿
~F§hVÐv�C�XaèÒ÷�zñV»5\»¿ìÂtÀ7�Ò§iÐF
Fgc*VZq-�Ð�zu}�~v�C�XZk~M®ZzgÎiZuÆ´z{zZ],kÐÌ

ÜFgc*VÌ�áï�X (Acquired Immuno Deficiency Syndrome) AIDS zZà

tFgc*V)ôpÒ÷óOW,{WÑ]óOW,pym%J**óâVÐÃ̂Ä�X$+¬Ðgc*�&Ë:~
%ÉVÅ®Z��&Ðic*�{ìX HIV

âCÙ+Æ®Z#**pZ0+Ïó**³¡ó"gziÇg~óÜ£xó)gzZîIÑC¿ó)ZÜ¹©]z){
Ã;ä~çzy� HIV PZ,úZï��øg~gc*�&~

%Z�/�ì (ART)Anti Retroviral Therapy %ÉVÃ�zZ�ÛZë�äÆa HIV Ó#Öä
Nzw6,Z7»4ø EHZ6,z¤/Zx�W�á A I D S K�Y¡zS®)ó{0+Zã��~¡Zzg

(Red Ribbon Express) óuc¯ZÝö ASHA(Accredited social Health Activist)

ÆçZ]ZzǵáVÐ0ÅgËZg�äÆaÂ�gì�X AIDS z){Ã�`~

Æ�`6,µ HIV ÃZLZjwæúÙZzg (Local Health workers) £ò¡Æ»g0+} l

ZW,Z]Ð0WÙX
Æ%ÉVÆÏ�Y�¸îÌZq-�Y',ZðìHW\ZkÅ@*G�,Ð?YV? AIDS l

Z¤/ë��{i0+Ï¦/ZgD��neñ��ÂF§bÅÒFg-VÐôpg{Mh�X
Z�äc*FÆ�BÒ©]Ð�X l

¤/85Âî FGâúÜ�A$ÌZLZÜ¹ÔZzg¡qi0+ÏÃF,ß�,X l

Z¤/�Wñ�qn�A$ËxZzg½c*CeZËÐg�q��å´`Z¤/Fg~ÅøáÆ�BX l

Z¤/qgzfşZ°zçZ*Å0*È~�,Zzg��{i0+Ï*Zg,ÂÒîg6,v�äzZàFg-VÐôp l

g{Mh�X
Zq-ÐiZZ+ZzgZ�ä0*gìÐÒ÷ÐZA[�,X l

gzZî)ZÜ¹(Zzg!*z�gi0+Ï*Zg,X l

:31-^
Ñc¯
Jec
-xZi+k
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Z¤/W+�ì�W\qn�Â¢Zi¢ËReZËÐg�q�V@*�ËÌëÏ)Fg~(Åßg] m

~Z�Zð%Zi~å´`�nX

:(Birth Control Method) ',BMzwÆ§j 6.16

Ò÷Ðå�Z`ZgÜ�@*ìXÜóúg]Æ�Zzg�âr6,¹Ïf)�Zg-VÃ¬Z+��êìX
Z¤/z{Z`ZgÜÆa»g7ìÂZkÅ¡%æEN~§bOW,�CìXZkaÜÃgz1ÆaF§jz
F,ZIzäG��X

B@*ìXÃðÌ (Contraception) úg]~�!*gzge$Æ§jÐZ`ZgÜÃgz)âúÜ
W!c*6ð�)Z�zc*](�úg]~ÜÃgzÇ�âúÜWÑ]c*Zz�c*]BC�XÓx',BMzwÆ
§jZZlxÆ�D�XZzg%�c*úg]Æa�o�&§iìz{Z(gHYYìX8WÑ]�

ZEwKYD�Xt!*gzg~ÆaëtÃúJ-YäÐgzÂìXtWÑ]: (Cap) ,zxóeZ$«ç JEZx
(STD)Sexually transmitted diseases Üs!*gzge$ÃgzÈ�ÉÒîg6,v�äzZàFgc*V

Fg-VÅgzuåx7 (STD) ÅÃÃÌgzÈ�X�vâúÜ§jZy AIDS �W®óÎiZuZzg

~(Vagina) �MhX6ðZâYÍCVÅ̂~�ø7[�C�XÎ3D�c*â�{Â6~�&;5ÿ XE
 �Z4�D�XZy~z{;gñ÷0*ñYD��úÃÞ�ZyÐÞ**à~{g`�äÐgzÈ�X

W`À%�zVÆaÌÍ1V�![�XtÍ1Vë-VÃhu��î�ZkaZ7ët¿Z�zc*]
¹Y@*ìX (Spermicides)

z){ÌâúÜÆa¹�ñW,�D�X T »6, (Intra - uterine device) �zgzVg·Wá
»�gâúÜW!ZEw�CìÂz{ZÐÒîg6,v�ä T Z¤/Ãðúg]ZyeìÜÃgz1Æa»6,

zZàFg-VÐ7XnÇX

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

pyÅað
',Wg0+¤]
',õ
Z
&4fõ
E

G
I

gN*�s

»6,K

:',BMzwÆ§j 32-^

÷ÈS�ð!*0+J�Zz»N*�Hz

**�¤]ÆÐ Tubectomy
�ñuzVÃÈ��c*�Hì

zZ
_5½3ð G
HòD',Wg0+¤ÂVÆ{uzVÃÈ��c*�H
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%�zVZzgúgÂVÆa¿%̀ZkÆ§j�ø7[�X%�zV~ù%~W6,cÆfg=**�¤]
Vasectomy )ë~"(»gN*�z�ÑCå{�ÆZkÆ�zâVuzVÃZh§bÐ!*0+|�c*Y@*ìXt§i

B@*ìXúgÂV~S8**à)ú**à(ÆgL{Ã»�̂�ÑCå{�D�XZzg
�zâVuzVÃZh§b!*0+|�c*Y@*ìXtúÃ"3~î EGEG**à~�Z4�äÐgzÂìXZk§iÃ

¹Y@*ìX (Tubectomy)

�Y',ZÇVÆÜs±** 6.17

:(Teen age motherhood) )â�r(Á/~âVàC 6.17.1

ë_·�`��Â6»¿Hë{ìXaÅaZöZkÐÌic*�{ë{¿ìZkÃKZzgZk
Æa»gg�Ã�Zzg�ârÅé¢zg~ìX**pZ0+Ïó¾"$óÂë6,4óÁ/~~âV�WÅZëz�;]

�w/��äÆ��Zq-±ÅZyÓxZñgÆao�&ªY5X�Zz�]±ÅÅt/ 18 �X®Z
(âNicÆ�zgZy¯] teen age â�r) 21% Ì¹ç**u�CìXY{0+Zy��Æ®Z#

�wÐÁ/±YVÅ�á�~7�**ecX 18 �YC�XZkÆa**³́tÌZq-ZzgzzìXZka
:(Stop female foeticide) â�{<ÉÃgź4/õ JG 6.17.2

ÃyY}ì�W`ÅZq-±ÅÀÅx�0ZVóZq-�geZËóZq-ZdZ+C42.ç
E

EG
JEóZq-Zi+î&43ð GHGWWó�*Å

�gâCÙçâ]ZzgZq-4+Z*�0$ËìXâ�{<ÉÆgz´4/õ JG!±ÅÃX�X!~Ðâ�{<ÉÅ
zzÐøg}�`ÆP4]~±ÃVZzg±YV»ÒÚ�&ÅÑbç**uuJ-nYg��Xøg~
Ó#Öä�zgZyÜ½»Ø`ä6,0*È~¬Z+�äÆa¬Ð��âyzä�_�XZy̧Z2Æ
!*z��â�{<ÉÃgz)øg~�Yf)�Zg~ìX

YVW`ÀeZËZßZ�î&+Ze)Æ§iÐqnúg]~½»Ø`**7eT? l

ëY���Z¤/¡ÅYCìÂCÙqÅYCìXtøg~f)�Zg~ì�ë¡qg�XZzg�zuzV
~¡ÅZÌÆÅgÃQY¤/�,XZq-Zif�ÆaZh¡Å¢zg]�CìXyz*yÆZq-
Vàà~�WÆa�:Üs(,f�ðW!*�~Ã�1~gppÆaÉZq-¡q�`ÅúÆa
Â6~¡Ð0W�¢zg~ìX
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i0+ÏÆöZzg±Å',�ÛZg~ÆaÂ6»¿¢zg~ìX l

izZ�VÆ5\ÃæÃgnp�ñÂ6ÃÒZzg)ÒÂ6~�HYYìX l

ÒÂ6~CÙñÆÛ�zñizxZ�±~v�D�X l

ó!*iaZöó&+gzV»àCóz){z){ÒÂ6ÆZlx�X (Fragmentation) 0*gÏóàîógm,Ï l

ic*�{F,7�}mC�V�ãóa%,óíz){Ð%0*D�XZkÃmCZ�ÛZöë�X l

mCZ�ÛZö�gC�Cìc*ZK̈yÆfg=Z�x�~YCìXZÐçÙZÌqÝì l

k0+»g~~ë7�zVÅ£/S:]ÃqÝ�Mh�X l

!*D×7�zVÅZ�ÛZöÅ].h+F,IìXt§iÁz�ÜZzg(~ic*�{7�zVÅZ�ÛZö~çzy�@*ìX l

ZZ³ZâV~ÒÂ6ºmZ¡IYZzgzZã3,óâ�{Â6~ÂxÆfg=¿~WCìX l

ËÌY0+ZgÆ%Æa7Í/õ EG��D�Zzg%æFNZäúVÃps�äÆ´z{ZyÅ%#ÖÌÅ l

YCìXZkÆ´z{izZ�VÅúÆáÌtZëìX
(ô�c*Â6~ï~� b (

83�
ö

E

G�c*Kã� a ï~��znÅ�CìX l

ZzgizZ�VÆ�W~ Somatic Cells �Æz{7Í/õ EGËY0+ZgÆ�Åú�D�Kã7Í/õ EGc* l

BD�X Germ cells zhezZá7Í/õ EG
Ëï~�zgÆ%Zi��Zq-ºmZ0+Zi~zZµ�D�X M Zzg SóG-2óG-1 l

QCâ�zVÅ�F¿~WCìX Phase ï~�zg~�&ÐM l
83�
ö

E

G�ÆZ!x6,�z�º7Í/õ EG�W�D�XX~�zñizxÅ®Z�ZyÆzZ+Æ)z~�C l

ìXt�6,z|wÐ|óZ**|ó÷|óÐ��*gCìX
BCìX (Cytokinesis) Å��&43ð JGH»"54mø JE

G (Cytoplasm)
+
?ç

EE
Eât l

ô�~ñ3�z%û���eg�º7Í/õ EG¯@*ìX l

Kf�Zzg�qÝ�äÆaÂ6~¡¹�ZëìX l

Òîg6,v�äzZàFg-VÆ0�ëÐCÙZq-ÃYïg~�**¢zg~ìX l

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

, ó!*�{xe$ óik,Ïó!*i%ómCZ�ÛZö¡¦Z�ÛZöZg]aZö (Fragmentation) ±óøógm,Ï
¯»g~ó�Z[Î**ók0+»g~óZÝók0+ó£/S:]ó!*D×)!*D#s#(óZe(wó!g.0î IGó**°ezgó83�ö

E

G�óô
TubectomyóVasectomyóHIV - AIDS �ó�zâèó�zñizxó<Éó

ã~ZÖp

ëäH5
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ÅÃð�zZ7ìXZk»D+Zgu�ZkÐv»zZugZ3ìX AIDS l

¡q�`Åúøg~f)�Zg~ìX l

�VÅaZöÃgz1ÆaW`ÀFâúÜZ�zc*]ZzgWÑ]�ø7[�X l

tëÓxÅf)�Zg~ì�Zq-4¡qçÑ{ú�,X l

aZöÐIaÅ½»ØÎ**)�âãìX l

â�{<ÉÃgzKX l

(AS1) TZzg�uCÙ�wM®Z�~Z&+}YVaZ�D�? X1
(AS1) VB�ØZzgC��Ûzã!*gzg~ÐH%Z�ì? X2

igg6Xx',v   (b k0+»g~X�Z[Î:    (a (AS1) qgzfs~�ÛtÒyÙ? X3
(AS1) 7�zV~!*ggzVÆ¿ÃÒyÙ? X4

(AS1) )ÒÂ6ÆZ§jÃµ�?VßVÆfg=zZãÙ? X5

(AS1) ÒÂ6ó)ÒÂ6Ð¾§bZ�Cì?ÁZiÁ&z�;]C�? X6
(AS1) ë~7Í/õ EGZyÆZdwÅZ�x��Æa¾§bJwKYD�? X7

!*gzg"3zõ EGEÆag3Ã»g�@*ì?Z�ZYÐZ!xJ-¬»�zgZz¹ (Menstrual Cycle) ¬»�zg X8

(AS1) H�@*ì?
(AS1) Z#g3~!{�0î EEG%0*@*ìÂZÐkc*]Å¢zg]�Cì?Zykc*]ÃÃy�ÛZë�@*ì? X9

(AS1) âV»pyaÐÃ́qzVÃïmìZzg!o-.0î IGG~&ì? X10

(AS1) Ze$»H÷�@*ì? X11
(AS1) ÒÂ6ǢZZ+H�? X12

(AS1) ¾§bÂ6ZâZqÅW!*�~Åªx5+k,~~çzy�C�? X13

(AS1)
83�
ö

E

G�Zzgô�~�ÛtsX X14
(AS2) ¬Æ�zgZyg3Å�-ZgzV~Hp´VzZµ�C�X X15

�iÇgqÑ]~Óxq-ï~Y0+ZgzV~8�-ö
E

Gï~�zZµ�CìXHW\ZkÒyÅ@*G�D X16

(AS2) �?YV?
iZ@ÆzZ�z£/S:]g3YwZzg(,}]V»qïZq-zZu7�ZZÇ**eT�?W\Z7Ã̈K X17

(AS3) �ä»tg{�,ÐZzgYV? §iZ(g
�Æy%�ÎÆfg=Zk»x@{ stain Zq-\iÆ7�}ÃQ;Í�ZzgZkÅa%ÅgZk»�z³XZkÃ X18

(AS3)
²-
C4/õ GEGG

XW\T�|#»x@{�,ÐZkÅ̂Z@*g�Zzgï~�ÆæZg̀ÅÙ|#Ù?
Ë�ÛRÇîV»�zg{ÙXZzg�ykHóYZg7�}�tZ6,ZìgziZzgF,»gc*V�ãÆ$}Ñõ Eó+zg~ X19

(AS4) z){ùZÇD�¥â]Z�ÙZzgZq-g7ĝ»g�ÆZÐZK)®)~7ÙX
¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx

ZLZõ[Ã�Ûzr�Ø

150

SCERT, T
ELA

NGANA



ZjwÑ$k,~c*ZÚ.$Æfg=¥â]Z�Ù�W\ÆIZzggc*�&~çÙZÌÆqï7�zVÅ X20

(AS5) Z�ÛZöÆaÃµZ�ÛZ�§jZ(gGYD�?Z7F,®)¤/Zs(Å̂~ªCÙÙX
»gÙZzg83�ö

E

G�ÆæZg`ÃÒy (Flow chart) ÃªCÙ�äÆaZq-jeĝ (Cell Cycle) ï~�zg X21

(AS5) �D�ñï~�ÃzZãÙX
(AS5) 7�}Æ3,Zzgâ�{Â6~ÂxÅ�s**'×�{̂Z@*g�X X22

(AS5) Zq-Yw�Zg7�}ÆfsÆ�V»x@{ÙXZzgZq-â^»gÙX X23

(AS5) 7�zV~ÒÂ6Æ¿ÃCäÆaZq-jeĝ»gÙX X24

7�zV~!*gzg~Æ¿Ã�äÆaZq-�s**'×�{̂Z@*g�Xik,{�ZâV6,Pï] X25

(AS5) sX
(AS2) ÒÂ6Z�x�¶zZáY0+ZgzV~Z¤/ô�»¿:�@*ÂH}ò',Wæ�D?̧ X26

(AS6) i0+ÏÅ',�ÛZg~Æaçzyï~�ÅW\uZxù�,Ð? X27

(AS7) Òîg6,v�äzZàFg-VÐ�zgg�ÆaW\Ã́ZôïD+ZÛZ(g�zÐ? X28

(AS7) â�{<ÉZzg�Å�á�-V6,Zq-d-.5é GEg»ZZ�<? X29

Â6XaZ�Âx ¥ÅF,¹ÆaÓ#Ö»j

23-^

ô
ä
Þ{:
"3}ë EG
E

BÞ�Zy
854-
ö
E
E

G
E$

izZY7Í/õ EG

( ) â�{Â6~Âx»z�úaZ�@*ìX X1

S8**à (d g3Å¤/�y (c ',õ (b Þ�Zy (a
( ) ë~3ÆúÐZ£wÆaëtZ�bZEw�D� X2

Z£w (d !*gzg~ (c Â (b gm,Ï Fragmentation (a
( ) )Z̈Kã(3,Â6~Âx»Ã̈Kzë~úVÃaZ�@*ì X3

Z$k0î
EI
G (d V: (c ',ô (b **�¤] (a

( ) ¾§bëtú7Í/õ EGÅGÃÂh@*ì?Zk�Z[ÃÉÙ&W\9B�X X4
GÃ6ðZâYÅæ�Ði�@*ì (b (G~Zq-ÎgZc¯@*ì a

G~ñ��ÜYÐ¦/g@*ì (d (GÃ�ZÕVÐÄ@*ì c

( ú7Í/õ EGë~úVÐ(,}YV�D�?Zk�Z[ÃÉÙ�W\9B�) X5
!*gzg~Æ�%cçzyfí{�{½Zgnp� (b úúV~¹ic*�{7Í/õ EG0*ñYD� (a
(,}%�/}ÅzzÐ (d ñKï~6,]ÅzzÐ (c

(
!{�0î EEGÆ%~fsÅÃ́qg»z^k�ìXZk�Z[ÃÉÙ�W\9B�X) X6

Zz6,ÆÓx (d (egÈ c ZÈI (b rf$Æ�ð,~ñ��
²-.1¹Ò

ø
G
G

(a

( ) ZK̈ã�zg§]~fs»Ã̈Kö9ì?�Z[ÃÉÙX X7

Zy~ÐÃð7X (d â!*ÚóâiZG{ó!*Úó� (c �óâiZG{ó!*Úóâ!*Ú (b  (âiZG{ó�óâ!*Úó!*Ú a

9�Z[»ZN[Ù

151

SCERT, T
ELA

NGANA



eZË7Â3,ÆgZîI±43ð YEHgÆ (Cytologist) Zq-�gZe°Zzg�.ÞâCÙïc*]
!5é NFÑ��]ÆZq-¾d${0+ZyÐmgnp¸XZrVäZ¤/ê~¤/Z+Bð JEcÅ�

gzZ:�ñ USA åHX�ZfZyïÅ¾nÐz{ M.SÐIARI Æ�5��Æ
)�&43ð
J
G
H
8545½

ø
E
E
G
H

(6,»xHXZyÅï Cytogenetics z;VZrVäÔÃÆ7�}Æ
ÅZK̈ãk% (Cell line) BäzZàq-ï~â (Hela) Y~� 1952 Æ�zgZy

Åe¤/~ÐâZiZ�HX�VÐZrVämC Ph.D Y~ 1963 ~¶K0+�Å�ZzgZ7
ÆOñu¤yÆúVÆ!*g}~ÎOÑzqHX3,ÆgZîä Cytogenetics

Æ!*g}~�ZðÐ_· (mitosis) ï~wH]6,ïÑzqHXZzgï~�Æaf)�Zg¬ïª83�ö
E

G�
HX

24@*20 ZrVät³Z~.H�¬xZK̈ã7Í/õ EGc*u¤ã7Í/õ EG×zc*~¬xîg6,
4�g»g�D�X 60@*40 [RV~��D�X²**gï83�ö

E

G�c
~Interphase B@*ìXt (interphase) �zï~�Æ�gxy»ÑZÚ|

90*ñYD�X G2 Zzg SóG1|ó 3 '×h+
ï~�zgÆZy|zVÆ�gxyLģÃKÆaeZË+XgZîZzgZyÆ

g^aZÎÃLeZËY$jè
E

Eäï~ZdwÅF,KV6,�!*]KXZyÅïÐt
6,��@*ìXZyÆ�!*] (Chemical Signals) ZÏs�Z�ï~�zgF,KMzZgq-�ZzgÚ6ðZ�ágzV

ï~�zgÆ_·~�éU*"$�ñXt_·â�Zy�0ZâVÃï~�6,ïÆaZq-ZyÅ�yìX
6,�Mh�X poturao@yahoo.com Z¤/W\Zkx�0ZVÐ!*]�**eT�ÂZyÆZ~Xé

)®)�ëÅy~�gÏÂ[ÐLLâV=Wä�zóó**òÄ7,#Zzg
Æ!*g}~¥â]Z�<X Rashtriya Kishore Swasthya Karakram(RKSK)

eZË7ÂX3,ØgZî

¥ÅF,¹ÆaÓ#Ö»j Â6XaZ�Âx

�3

e
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ZK̈ã�Zq-ª]Z0áìXªCÙ~̂Å/ÚZkÅ�|#¹ic*�{ë{�CìXHLW\

äZL�ÅëÏÆ!*g}~¦gHì?i0+{�{3ð EGV~Z§C¿�wÔ;LÔpy»�zgZyÔ
Zy%Z`Ô¡Âxz){øg}�~ºm£â]6,3�ñ�D�Zzg%1oîg6,ZLºmZdwÃZ�x
�ï�X�ZzgZgnoÔ**ò!*[~ëäCÙ¿»½âe{îg6,,Ð_·HìXZk!*[~ëZq-
�xWÐ(,|�ZyÅë7VÆ0zZ/qÝ�,ÐZzgøg}§C¿Æª]Z0gZ�

ÅuZx�8X (integration)

W�;t+ö
E

**à~�áï�V»�;t+ö
E

¿~zfe�Z¬�{�,�V6,Z%ÖV~½ZÃÂhZ
Y@*ìX

;
t+
ö

E

**àÆ�VÆ**xs�V½Z»N�̂�ÐÑzq��ÞiJ-(ìX l

n}~½ZÃÂhäÆnÃµ§C¿�áï�Mh�? l

Z¤/Zy¿~ÐÃðZq-»x�**È��}ÂZk»øg}�6,HZW,�Yì? l

�ÃÇqª(~gppÆnCÙZq-¿�zu}¿6,Z®g�@*ìX

§CZqw~Zgno
Coordination in 

life processes

§CZqw~Zgno ¥ÅF,¹ÆaÓ#Ö»j

!*[
7
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Zk¦gÃKÆnë�gVwëNÂx»�t�,Ð�tù�zu}ÂñVÐ%1o�@*ìXë
Ð½Z)Â**ð~ps�Cì(ÆZEwJ-ZyÆZ0+gzã%1o øg}�~NÂx»ÈuÆZ�k
ÐX ¿Åz�s#�D�ñ_·�,

Èu»Z�k 7.1

ëÃ½ZÅ¢zg]ìt�ù¥x�@*ì? m

WØøDfs].zw»x@{�,XW\ÃÈuCk�zZäÆaIh+{**xÅÙ|#ÙZzgZk6,
¶KyÎ�XZL�¹VÐI�ÙX

ÈuÃHqÃu�Cì? l

ÈuÅ�q-»³H�Yì? l

W\Æìw~z{Ã̈KÂx�Yì�Z�ágZ]Ã(Að FX���Zk!*]»Z�k�Ñ@*ì�ë l

ÈÆ�?
pyÆ�zgZyÅP]~ÈuCk�äÅZëzz��CìXZâ�zVÅ¥VÃ¬xîg6,

øg}NÂxÆfg=py~',�ÛZgg3Y@*ìX�ÃiZyZëâ�zV~ÐZq-ìXZ#py~ZkÅR
Ck�CìXZk¿~æ]»T~ (Hunger pangs) Á�YCìÂn}~�ÈuÅ̀

�D�Zq-��áïgLìXn}Æ�-ZgzVÆºmúVÐZ#n{ Ghrelin P;gñ÷�
;gñy»Z�ÛZi»W¸i�@*ìXZk;gñyÆZ�ÛZiÅzzÐÈuaZ�äzZá Ghrelin {à�@*ìÂ

Z�ágZ]n}Ð�ârJ-(Að FXh�ZkÆ³~n}ÆZ0+gÈuÅZ#-£4è G
E
H
E

)ÈuÅ`(Ñzq
�Cìt�Y@*ì�Zy�ágZ]Ã�ârJ-(Að FX�ä~7�âr~�â©�:Zzg�Ü�)�Î, B§ö

G
E

4J-Èu 45 Ð30 �¶(ZëgzwZ�Z�D� 7- �z&½øG
Y

�Æ£xz̧qÃY+Æâ
¥V~Z�±»³ìX (Ghrelin) Å̀Yg~gSìXÈu»Z�kZzg½ZÃZEw�ä»ø�

Ã̈K¡ÂxÈuÅ̀ÃNzw�@*ìX l

ÈuÆZ�kÆ�zgZy¾nÆ�Å¼ÅYC�?Hz{;gñyc*¡c*�zâV�D�? l

1 ].zwD
½Z»ìw ½ZÅ¢zg] JÝ�Z�** ½ZÃ�Ú6, ½Z»fZB ½ZÅ1

¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno154
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ÂñVÆ**xeMh�? 4 HW\Èu»Z�kaZ�äÆ¿~�áïÃð l

Z#W\Ck�D��W\»ù½Z�ZìZzgW\Ã½ZÅ¢zg]7ìA$Zq-Zzg;gñy
»Z�ÛZi�@*ì�ÈuÃ�!*@*ìX leptin

¬xîg6,ëZq-{mz�Ü6,½Zfe�À�CÙgziZÏz�Ü6,�Èu�»Z�k�@*ìXW\äZL
Zjw~×Z:Æz�ÜÆ�zgZyZk§b»�/H�ÇX

(Outcome) ÈuÆZ�k»â° 7.1.1

ëY���N¿~Z�~Âx�áï�D�X
�~ÂñVÅËq¾§b�CìW�Zn!*g}~¥â]qÝ�,ÔÈuÅf½ZÆ

½ZÃ3äÐ (Stale) ZEw�ä»ìwaZ�CìXLrgc*�YìZÒW\ä�/H�Ç�!*Ï
¬�����c*Y@*ìX

Ã́q!*Ï½ZÅÙ|#�ä~ZëgzwZ�x�îì? l

Z¤/Z\Æ0*kZq-fZB�ZgelìÂHZkÅ1W\ÅZ3~Z���CìX l

fZBZzg1Æ�gxy�ÛRm0*c*Y@*ìX 7.1.2

fZBZzg1�ÛRîg6,Zq-�zu}ÐA�D�t�ÛRmZk!*]ÐzZã�@*ì�ë¾§b½Z
»Z�k�D�ÃðÌ3´Zzgu�~ÐOW,�ä6,ºm½ZðZâYÆfZSV (flavours) ÆÂ̄V

~�ÛtÃCk7�YwOW,�äzZà�Wc*½Z»'×{ìc*fZBZzg1»Z��Xz{ÜsfZBìc*fZBZzg
1»Z��ìz{ZknYèÜsfZBÃÙ|#HY@*ìZzg½Zð1Ã7fZBp�6ðZâY�ÛÔØÔ\Ô

(gnp�6,%�/ Savoury »ÈÈuÎäzZÑfZB Umami fZB)Y0*y~ umami �/zZc*
@*ëÔfZBZzg1ÆZ��]Æ�gxy!*b¿øg}ZEwÅYäzZà½ZÆZ�gZu �@*ìX
Ã(,JD�X (perceptions)

øDfsr�tx@{�ä~æ��êì�1Åf±i�çbfZB6,ZW,Z0+Zi�CìX

§CZqw~Zgno ¥ÅF,¹ÆaÓ#Ö»j155
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ik,{ÔÎ6ÔWßZzgÂLÃç**
�&Ð¬ZK**uÃZèVÐÈÙXik,{Å¼lZgÃZLì~M7-�Zzg²AôE�k,ÆnZÐ

ç�ZkÆ�ðh~Î6ç�HW\fZBÃTyn?fZBÃ¥x�äÆnHz�ÜÎ?ðh~�k,�
ZLìÃ�ð�ZzgrÃ�CÙZD�ñÂLÆ�}Æ�BWßÆ�}ÃÌç�)**uÃÈ�**c*�g[Ö(

iZHÆ!*g}~W\HB�? l

~i�**¢zg~ìX�zu~ßg] Saliva Z¤/W\½ZðZâY»fZB¥x�**eT�Â½Z»°[

~ÔëZÏ½ZY»'×{¥x�Mh��ÜsâùÅ̂~�ëY���
i!*y6,ZnÆfz¹àV0*ðYC�XW\äZfZSVÆni!*y

Æ!*g}~Ì2)®)~7,JìW� (papillae) 6,ZnÆ(�543ð EHEGV
ZïZ¬�{�D�i�{½Z\!úfz¹èV~�Z4�äÆ��fZBÅ

f�bÆn�ârJ-áYðYCìXZn��ë½Zð�»fZB
¥x�Mh�X

HW\�zâVÆfZHÃCk�nc*HZyÆfZB7V?̧YV? l

â�}±#©ÅW!6,]~i�YD�X**u~ (air borne) Z#ëÎ×�Â�Zðûâ�}
ñ��6ð&B}Ðöq×&B}Ðö¹Y@*ìZ�ágZ]¡ÌyÅ̂~�ârJ-(Að FX)��V6,1ÅÙ|#Å
YCìÇZk§bÐZ#ëì~½Z�Z4�D�Âfz¹àVZ�ágZ]Ã�ârJ-(Að FX�C�Zzg1~
ñ��©à̧�]ÅãC�6,½ZðfZSVÅÙ|#ÅYCìX

Z#ëZq-½Zð�ÃZLì~gnp�ÂH�@*ì? l

½ZÆfZB~æ��äzZáì~ñ���VÆ**xe�? l

W�Zy�VÆ»xÆ!*g}~'×h+¥â]qÝ�,

»`s&¡ÅZq-ªkZzggzâw&ÉÄ6,g¥/ØXZKW@È��Zzg (Asafoetida)ê
ZÐÎµZ[ZL�z�&Åæ�ÐZnÆ½ZðZâÆfZBÅÙ|#�äÅÃÒ<X

�Zk,z~#-£45é FHEGV
ú(�545é EHEGV ²
@î

Y

F',

í0+ú(�545é EHEGV
:i!*y6,(�545é EHEGV 1-^

¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno

"ú(�545é EHEGV
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H¡Å$ðENÂLÅ1Ðic*�{!ìXW\YVZk§bÎh��!1W\ÆfZBÆZ�k6,ZW,�Cì? l

W\äÄ½ZðZâYÅ9Ù|#ÅX l

1ZzgfZBÆ�gxym6,PS,s? l

HW\äLCkH�Zq-ºm½ZÃÜs�Ú6,fZB�Zg@ì? l

�Zz�]ÜsZB&�&Wxz){Æ**xFg�ì~0*ãW@*ìX l

W�_VÆ}òÃW\Æ�Z!*]Åæ�ÐÜ��D�X¬xîg6,ëZ+½Zð�ÃF,ß�ï
��øg~W\VÃ�wæÑó**uÃpÒCk�óZn�ë½ZÃ��X

ZkaZ#ë¥â]Æ%Ãð½ZÃ3**eT�Âøg~wg]Ô**uZzgi!*yÃ½ZÆZN[Æ
�X (ingestion) nZEw�D�Zzg½ZÃç3

gzÏ�0ZVW-Zy0*îÑzäF�!*]Z�x�ØZzg¥xH�Üs½Z»¦gÌì~0*ãÑ@*ì
)æzow�](2)®)ÆLL³Z**]ZzgZy»',@*îóó**ò!*[~Z\ä0*îÑzÆ�!*]Æ!*g}~
Yïg~qÝÅì

HÃðZzg�vZ��]��fZB6,ZW,Z0+Zi�D�? l

Z#W\¤/x�z�|c*eñÅ-fe�ÂZ6fZBÆZ�kÃH�@*ì? l

�Yì�W\äPZâÃ¹ic*�{̄j+CkH�ÇZ#z{¤/x�C�X²�vPQ~qª(~'×{�î�X
W\Æìw~½ZÆ'×{~�ÅHu�$Ëì l

Ð�@*ìX (palate) fZB»m¼uJ-i!*yZzg85ëE 7.1.3
fZB~æ��äzZáìÆZ�VÆgzwÃ�ÚÆnW�Zq-W�yrZ�x�,X

Sugar crystals over the tongue i!*y6,]Åa
]ÅPJVÃZKi!*y6,gqpZCìîg��,ìwgì�Z5i!*y85ëEÃé:�}XJVÃZKi!*y

Åæ�ÐgkgeÙX (Stop watch) 6,ppÆxÐá�fZBÆZ�k�äJ-»z�Ü̂¥0{~
Z[Zk¿Ã�CÙZ�Zzg]ÅJVÃi!*y6,np�ñZkÃ85ëEÅ#³�~�!*�X]ÅJVÃ

Åæ�]Æ²w»Zq-¢{ZK Dropper gppÐá�fZBqÝ�äJ-Æz�ÜÃgkge<Xc*
i!*y6,eZnX

HëÈi!*y6,fZBCk�Mh�? l

fZB»Z�k�ä~!~Ðæ��äzZá§iÃµ�? l
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Zz6,Òy��{aÅãC�6,ëä¥xHì�fZBÅZkz�ÜW�ãÐÙ|#ÅY$ËìZ#i!*yÃ
85ëEÅ#³��!*c*Y@*ìX6�ëY��i!*y÷~-�CìZzgfz¹èV6,��CìX

¹Y@*ìZê!*Ñðz6,)x�D�X Papillae tfz¹àVgLZ¸g�D�8-£4è E
E

GE
(�545é EHEGV

~FfZB�Ï7Í/õ EG0*ñYD�XËÌ½Zð�ÃZ#i!*y6,g3Y@*ìÂz{��}°!¼z�Ð
Z�ÛZi�äzZá°[~i�YCìXZ#i!*yÃ85ëEÆ#³�!*c*Y@*ìÂ½Zð�fz¹´Æ)xÆ
#³�!*ðYCì@*�z{fZB-úVJ-(Að FXõnZzgfZBÆZ�ágZ]ÃF,(�}nXWy%»g�âr~
fZBÅTy�CìX
qgzfsjeg^fZBÆZ�kÐ0¾gZ3»ç�@*ìX

Z¤/øg}��~°!¼z�»x:�,ÂÎaH�Ç? l

�Ûn<�W\Åfz¹àVOW,���W\Æ½ZheÅ�pÃH�Ç? l

:(Mouth - the munching machine) çä»W! - �� 7.1.4

Z¤/W\ÆP�Z-$¤/YNÂHW\½ZÃW�ãÐçMh�?

Æâew»ZEw�D�ñ½ZÆÂhäÆ¿Ã�î**X Chalk piece ~gÇ²/õ YG (vinegar) u�

Ã�z�zV~ÂhØXZq-�}Ã5eZaZzg�zu}ÃZÏ§bg��,X�z Chalk pice Zq-
B�zâVÃ�z)z~�V~»^�£ZzgZz6,~�VÃïw�£XZ[ (1/2 litre) gLÉwzZR,Å1³

øg}0*k�zkg}»g�X�zâVkgzVÆW�ñzJ-u�½�£Zq-~#O�ZeuZzg�zu}
~U*"$W�JeueZfXW�ñ]Æ�Zy»x@{<X

i!*y��**ufZB

�âr ×
&
B}Ð

ö °!¼z� fz¹àV

¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno
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Ã̈Keu!~Ði�ZÔ#O�Zeuc*U*"$eu? l

Zzg6,Òy��{�/½ZÆ¹Åz}+MÅ¢zg]Ãe@*ìXZkaì&��~½ZÃgL
»zV~ÂhZY@*ì@*�ZâÆ¿ÆnÒgÕ~Z���n�;a~æ��@*ìX

��~Zk§b¹»}n¿ùzZµ�@*ì? l

��ÆÃµzZk~�áïgT�? l

Zk¿~ÃµÂx�áï�? l

W\tY����Z-$½Zðâ�zVÃçä~æ��D�øg}��~ñ��ZZlxÆ�ZÕV
Æ!*g}~W�¥â]qÝ�,Zzg�B�z{±i�çbN¿~æ��D�?

�}Æeg^c*%äc*ZL�z�&Æ��»x@{<Ô�ZÕVÅ
F,KM¾§bì?HÓx�Z-$^Zzg�#Ö~x/�?�ZÕVÅ̂

( D e n t a l ZzgZyÆZdw~HÃðm�@*ì?�Z0+Zã��
�ZÕVÅF,KMÅ=ô�@*ìX̂ÅãC�6,Z0+Zi{ÎäÅÃÒ formula)

ÆHZdw�Mh�XW\ë)oV~_· (molars) <��Zh|
�`���é�Z-$!�JgzZáÔ}�Z-$!Zzgâ!�D�²

�Zh|Zzg7�Zh|+Zzg½â�RzZá�D�X
Î»��é�Z-$ÆZdwH�Mh�? l

�ZÕVÆÃµ�h)ÃL(½ZÃ¹~æ��D�? l

Ã̈K�h)ÃL(½ZÃoMh�ä~æ��@*ì? l

�0+Zã��Ãs? l

Z[�V�~�̂ÅãC�6,9¥â]ÐøDfs].zwÃ6,<X
2 - ].zw

÷ ^ CÙ�}~�ZÕVÅ®Z� �Z-$Ån

(2) 7�Zh|
(1) }�Z-$

(2) �é�Z-$

(3) �Zh|

:�0+Z+M 3-^

§CZqw~Zgno ¥ÅF,¹ÆaÓ#Ö»j159

SCERT, T
ELA

NGANA



��Æ�Z],z~W]½ZÃ�6²A§õ XE~eªZzgZ§Zsw�'�ä~æ��D�Yè½ZÃgZ�&
7YYÔ�Z-$ZÐ¸ÔçDZzggL�zV~pw�D�Zk¿Ã½Z (swallow)�

(ÄäZzg Surface muscles) W] ¹Y@*ìXZkÑÆa�}ÆÒ (Mastication) ç**
çäÆ¿~çzy�D�XZzg�}ÃZz6,nÔWÐZzgúw�'�ä~Ìæ��ï�X½ZçD
z�ÜW\ä#-CÑõ

E

G
F�}ÅZz6,~Zzg¬w�'»x@{H�ÇX�Z-$½ZÃ»UZzg¹~Zzgi!*yÆw»]½Z

5th cranial �  B§
ö

G
E ÃûZg;ä~Zzg°[Æ�B5ä~çzy�D�X0*v,

�}~W]Åw�'Ã�1~gBbìX nerve

��~½ZÅñ��ÏÅzzÐH°[ÆZ�ÛZiÅR~Z���@*ì? m

H°[Å)ñ��Ï~çä»¿Yg~g{Yì? m

H°[ZkÆ´z{Ì�zu}»xZ�x�êì? m

W�°[ÆgzwÃ¥x�,

:(Action of saliva on flour)(ata) WL6,°[»¿
0*ãÐÛ½~�ðZq-ZJã"kZzgZk~Zq-ªWN*eZnXZJã"ÃZh§bÐh�
@*�WN*0*ã~ïYñX¶K5Åñ��ÏÅYõÆnZnP¢}zZa�k6,eZw�c*"5¼?ç

HE
Y

FW-e+»
Zq-¢{Zk~�áïÙ¾B({g8-¶K3Åñ��ÏÅ¤&�@*ìX

Zk!*]»ìwgÚ��zâVZJãSV~²wÅlZg)z~�Zq-ZJã"~Zq-eñ»>°[

�²wÆZJãSV~ (45 minutes) eZnZzg¶KyÎñ�zu~ZJã"~¼Ì#ÖeZf¼�k,
Zq-Zq-¢{c*"5¼?ç

HE
Y

EW-e+»²weZfX
HW\ä�zâV²ßV~Ãðp~»x@{H?p~YVzZµ�ð? m

HW\Îh��½ZÃ��~he6,ÇZ(�¿zZµ�@*ì? m

p�»g¡ÂxÆfg=&�h°!½z�zVÐ°[»Z�ÛZi�@*ì@*�½ZÃ=c*YnXZkzzÐ½Z
ÃçäZzgè3~W�ã�CìXçäÆË~½ZZq-:�ZgÂ�}Å^Z(g�Cì&1Ö

~vHY@*ìX (oesophagus) %~ Bolus ¹Y@*ìXi!*yÅæ�Ðè3Æ¿Æfg= (bolus)
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(,}¶K4�Ó]ÃÂh�gLgLZ»ÇV{m] (Amylase) °[~ñ��°!Za²{%{
~ps�@*ìXè3»§i»g¡ZgnoÆ�ÌzZµ�@*ìZzgZkÃ�1�ä»%�/�â©�� (Sugars)

Æ�zgZy½ZÅ�#ÖW�ã (mastication) )£qlZzg�zu}(~}�@*ìX½ZÃçäÆ¿
Ðè3Æno�&�YCìX

½ZÆÒgK~Zk§bÆZ��ÅH¢zg]ì? l

°!Za9Ã½ZÆZb%ZY6,¿�äÆa¾n»zZô�g»g�@*ì? l

Z¤/ë½ZðZâÃçñ%gZ�&íÂH�Ç? l

ps�@*ì? Ph HW\ìw�D��øg}��» l

ÃY" PH Zq-Zq-]ÆzMÐ��Æ
Ã�¶( 4 ÄÅah~÷âçX)�̂ PH Æ�B colour chart ZK6YÆyÐ

ÄÆg8-Ã pH ÄÆZq-gL�}Ãá�ZKi!*yÐé��ZLZjw~t�Mh�X pH

heÅÃÒ<ZL readings 4 <X�zPÆ3äÆ�¼ Ãâ^ pH Ð�hØZzg colour chart

»».Þ<X readings �z�&ÆZ0+gZ`Æ�BZL
Hì?F,d-öIJc*Z�Ï? reading Å¬xu PH W\Æ��Æ l

~Ãðp~»x@{H?Zkp~ÅHzz�$Ëì? PH HW\ä3äÆ¿Æ� l

ÅÃ́nÃ4B��°!Za96,4¿�@*ì? pH W\ l

~ÃðgzwZ�Z�Cì? PH H½ZÅnÌøg}��Æ l

3Dz�ÜZ½ZðZâÆ�BYõ<½ZðZâYÆç3�Yõ»¿�**e�X
Ãâ�̂ØX readings ].zwÃå�ä~³#Ö<XWgZxÐ

®~�Cì( 7 PH F,Ù�CìX PH ÐÁ 7 Z�Ï�CìÔ PH Ðic*�{ 7)

Zz6,Z�x�Ø�±ÅãC�6,ët¥x�`��°[»Z�ÛZizZWÅp~»!*)̄áCìaèt
°!Za9{%}Æ¿~æ��@*ìZ�kÆ§s

ÃµZÂñVÆ:L��~;aÅo�&»g��ÏzZµ�Cì? l

��~N¿Æ�½ZÃµz~w�'�Cì? l

ZÏ pH :4-^
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:(Travel of food through Oesophagus) %~Ð½Z»^ 7.1.5

��Ðè3Æ¿Æfg=e,�ð½ZÃ%~qÝ�CìX
½ZÃè3ÆaÃµÂñVÅ»g��Ï¿~WCì? l

PCZzg�!S:]Ã�î@*ìXZk»x@{ÙZzgøDfsÎZÑ]Æ�Z!*]�ØX  øDfs7��{%:

%~Æ!*g}~He@*ì? Schematic diagram Zz6,ec*�H l

%~¾nÅ"ì? l

#©½ZÆ*gä~¾§bæ��@*ì? l

1Ö¾§bWÐÅ§sw�'�@*ìÔZex@{�äÆn%~ÆâewÅ»g~
»»Zgk[»Zq-�Zá�Zk~Zq-c*�zWß�Z4<Xk[ÆZ0+gzãzÃ%Åæ�Ð
=��ØXÇZÏ§iÐWßÃÌ%Ð$Ó4/õGJZzgQÙWßÃk[~�Z4<X

(Ð peristalsis �-ZgzVÅñYw�')
½Zn}~�Z4�CìX

�}Õä

EECZzgEZg

iDZzgË�ñ�-Zg,ñYw�'Ã
Yg~gBbì

» (mucus) �-Zg,Zq-ôzZà�#o
Z�ÛZi�C�

Ða%Z pharynx ÑÑ"»Zz6,~uZ&Ò�ð Ex

�@*ì

"uZn}Ða%Z�@*ì

Oesophagus ~%

:5-^
»Æk[~Wß
¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno

Æ�zgZyë°[YV{g`�D�X (nap) �yÆZz�]~³&V! l

³Z**]Æ!*g}~��Ç�z{gZ]~úDgT�Ôpë�yÆZz�] (nocturnal) W\ä�&!*l
~u¤/xgT�ZzggZ]ÃWgZx�D�Xøg}�ÆÓxÂxÆZdwøg~u¤/ñVÆ�zgZyúDgT�XZk

¹Y@*ìXøgZNÂxÌ�y~u¤/x�@*ìZzg;aÆn½ZÃ (diurnal animal) aW�òÃ�y~.g!*l
qÝ�äÆn»ggLìXZ¤/ë�yÆZz�]~WgZx�äÆnÎD�Â°[øg}��Ð!*CÙW@*ìZzg

{k°[»Z�ÛZi�D�X 1.5@*1 ¤Ã=�êìXZk§b»¿gZ]ÆZz�]~zZµ7�@*Zq-�y~ë

HW\Y��? !
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�!*D�ñWßîVÃ�ªÅÃÒ<X (squeeze) Z[k[Ãô�
�8? Squeeze Ãk[~Ð¦/äÆaW\¾§bk[Ã (Potatoes) Wß l

HW\Îh��%~Å�-Zg~W]Ã¼ZSb�**7,@*ì? l

k[~ñ��WßÃ�ªÆn%W\Å±i�çbæ��@*ì? l

%~~ñYw�' 7.1.6

:(Peristaltic movement in Oesophagus) 

Æ£x» (food bolus) Å§s�&À£4/õ GGJ�%~Æ�-ZgÅñYw�'Ã�îCìZzg½Zð1Ö 6�̂
x@{<X

1Ö»£x¾§bps�@*ì? l

W\Æfg=Z�x�Ø�aZzĝ~!*¦k,zZãÅ�½ZÅw�'~ l

H�tì?
B@* (mucus) ½Zð**àÅ�-Zg,Zq-ôzZáâ�}»Z�ÛZi�C��#o

ìX#o%~Å�-ZgzVÃ=��@*ìZzgvyÐôpg�rìZkÅæ�Ð½Zð1Ö/
W�ãn�ìXZkÆ´z{1Ö~ñ��°[Ìn}~�Z4�äzZà½Z
Å/W�ãÐw�'~æ��êìX

%~Å�-Zg,�znÆûZgW]Ðµ�ð�Z0+gzã',]6,�ZJ~W]Zzg
Ûzã6,]6,îàW]ñ���D�X�Zk,~W]ÆiäÆ³~Ç1ÖÆú%~»gZ3ß
�Y@*ìXZka½ZnÅ§sÈYCì1ÖÆ�tîàW]ÆiäÐ"zW�YCìZkÅ
zzÐ%~»z{{mzgN*�Y@*ìXZyW]ÆiäZzgÌÐØc*ñ`Üw�'aZ�CìXt

¹Y@*ìX)W\ä Peristalsis w�'Zq-¿Æfg=½Zð1ÖÃ%~Ðn}~eÇìZk¿Ã
ZkÆ!*g}~́t**ò!*[~7,Jì(t)ZgZ�~�@*ìZzgp�»g¡ÂxÐNzwHY@*ì(

%~~½Zð1ÖÅw�'ÃW�y¯äÆaÃ́ZâYæ��C�? l

Î»ßÍVÃYVtg{�c*Y@*ì�½ZÃo�&çñ%:íc*¢~~**3NX

','×âg
iZ�Z%~̂·

��ñW]
i}�ñW]
1Ö
;�Ẑ·

n{

:1ÖÅñYw�' 6-^
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:(Stomach the mixer and digester) n{X½ZÃÇ�äZzg5äzZÑ 7.1.7

Î»�n}Å�|#%~Å§b"úÅOñ$úYV�Cì? l

Zk§bÆZqwùw�'~WD�? l

Z#½Z�6²A§õ XE~�CìÂgÄgZzgi!*yÆZ¡[~�q-aZ�Cìz{�â]Ã¡ÌyÅ̂
~�ârJ-áYD�X�âr�â]»�t�@*ìX�ârÐ�â]wÅZ¡[Æfg=n}Å
�-ZgzVÃv�D�X�nð¼z�ÃÃu�Æn~gkZk»Z�ÛZi�ä~æ���ï�X

6,�gk»Z�ÛZi�C�Xë~ÐZÒäZkÆZ�ÛZiÅ (HCl) n}Å�-Zg,;àgz³guF,�
Zzg

¢/õ

G
JÆ�²~¡ÆZ�k»�/H�ÇXW\HÎh��¡ÆZ�k (belching) zzÐe»g

»:LH�Yì?tZ�ÛZiZ]¡ÂxÐ�q-0*D�XnðW]ÆiäÅzzÐ½Zn}

ÇhJ�D� (prorridge) ~F,ØVZzggÎVÆ�BZh§b8Zzg5ðYCìtNgk½ZÃ5*
¹Y@*ì�V6,P(,}

Ä
A+
ö�Ó]Ã��{�Ó]~ÂhZY@*ìX Chyme &

Ã̈Kø�n~W]Ã!*¿¯@*ì? l

ÁZò[Å¯Y6,n{½ZÃ�@*Zzg5@*ì? l

n}~N¿Æ½âå�ä6,n}»i**Á�Y@*ìXW\Îh�f�py~z{Ãµ
â�}�VÐ�n}ÆiäÃ!*�°{¯D�?t�@*í̄g~W]Ã;CìZyW]Ãq�

¹Y@*ì�Zk£x6,0*ñYD��Vn{gKZ-$Æ¬zc*Zzñ pyloric sphincter ¬Ü{
¾lZg~ZÙñ�~~ (chyme) �~~�ìXq�¬Ü{ÆUÐb%z~îg6,Ç�{½Z

�Z4�Cì

n}~ñYw�' 7�̂
YVÜs¾lZgÅ½ZÃ�n}ÐZÙñ�~~*gä�c*Y@*ìX l

Å¾lZgZÙñZÑ~~�, Chyme:Retropulsion

YCìàz�ÜZe(,Zzn}ÅY+$�!*c*Y@*ì
Zzg5ä peristalsis :¹¤!g =grinding

»¿�q�n}Æ�Ûd$zZµ�@*ì
¸]�BñYw�' :Propulsion

½ZÃZq-zÐ�zu}~�Çì

Ë�gî�ZY�oxÈq�oxÈq�ox
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½ZÆúXÆiäZzg½ZÆ�tXÆÌÐZq-n»�!*îaZ�@*ìX�½ZÃ½Zð**à
~WÐÅ§sejìXW]~iäZzgÌÅZq-Øc*ñ`½ZÃWÐÅ§sw�'�ä~
æ��îìX

ñYw�'»:LHì? l

ÆÃµu}ÐtÑzq�@*ì(? gut ñYw�'Å�Hì) l

ñYw�'Å�ÃZt��c*YñÂH�Ç? l

Å^~ñ��b%z~îg6,Ç�{½Z (Chyme) �äÆz�ÜÝk (Vomiting) ¢/õ
G
J l

~Zk§bÅ#³� 7 ½Zð**à~zZ:e��ØYäÐW\l!zZ��X̂�
~z̧q5+k,ñYw�'ÅÙ|#Ù?
HW\ä�g|#Ænc*}�zg�à�C�ðÇñ&å»x@{Hì?ZôoÐZkÆ¤/�y

Zzg�»x@{ÙXHW\äËqÃ�Ð��Å§sw�'�D�ñ�Ngì�XZkÆ�
Çñ&åç**Ñzq�CìXYâg~n}Æ�ÛR{Ð��J-w�'�äzZàq1Ö

ìXqÑè�à�äzZáYâgzV�Çñ&å~tZq-¬x¿ Peristalsis �CìXtZt (bolus)

ìX�n}~Zq-iZZ+$gBbì@*�i�ð½ZYÃ̄gUfí{HYnXZK̈âV~�gZÝt½Zð**àÐ
)¢zg~â�zVÃ!*CÙï%ÅZq-�õ}+MìX

ëätÌx@{Hì�½ZY»;L��ÐÑzq�@*ìX̂Æ�zgZy�ºm£â]6,½Z;a
�YCìXZk§bNÂx~Ðt7Vw�'7�CXW�æ]z�Ü Settle Æa¼�k,Æa}

»x@{�,X
3 - ].zw

gKW-$»{à�** n}»{à�** °�
] 2.5 ] 3 @*2.5 50%

( ~Ð*g** Colon ]) 40@*30 ] 5 @*4 100%

ìX( )tÜsZz��(Z3äÆZz�]Æ�ZÐZ�~îg6,Zzgz�ÜÆÒpÐZâYÅw�'~p�@*
øgZn{Zq-ºmwÅ$7ìÉtZq-gK$úÉ¼CåFZg{¤Å�|#ìXøg}ZEw
��{½ZÅãC�6,�|#Å�#Ö~Z���@*ìX
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NgÎVÅ»g~»Z®g½Zðâ�zVÅlZg6,�@*ìXZ¤/n{½ZðlZgÆ�Òp7VlZgÆ
NgÎV»Z�ÛZi�}Ân}Å�-ZgzVÃvy(Að FX!ìX

»Z�ÛZi�@*ìXn}Å�-ZgzV (strong acids) ëtÌY���;LÆ�zgZy¤!gF,ØV
Å¤�ÜJA-VÃÇ�äÆn»°�CìXQ±i�çb Hcl ÐZ�ÛZi�äzZá;àg³guF,�

n{ZLp�ÆZ�ÛZi��{F,ØVÐôpgLìXZk!*]ÃKÆnW�ëøDfs�/Z�x�,

Acid and Leaf experiment

Zzg�zu}Ã%�Æg[ÖX c*¤/öÎ� (Vaseline) �zx/!íkXZq-íÃðz@�c*zc*iA
¢}eZfXÛ]Æ��zâVêV»x@{<ZzgZLx@Z]Ã 2 �zâVêV6,$zgF,ØVÆZq-c*

ZK»8~sX
Ãµí6,F,Ú»ZW,�Z? l

W\äêV~¾nÅp~»x@{H? l

�zuZØF,ÚÆZW,Ðùôpg;? l

»Z�ÛZi�@*ì�n}Å�-ZgzV6,Zq-¡Z,¯C mucus n}Å�-ZgzVÆPúVÐ#©
ìX#ï�hé EIÅZ,»g~F,ÚÆ¿Ð�«�CìXðz@�Æ÷Ãnð�-ZgzVÆ#ïZ,»g~
ÐñZi:HYYìX®Zp�ÆZ�ÛZi��{F,ØVÆvyÐn{ôpg3Y@*ìX

:(Travel of food from stomach to the intestine) n}ÐW-$J-½Z»^ 7.1.8

�Wö{Å̂~n}ÐgKW-$~�Z4�CìXZ#½ZW-$~�Z4 (Soup) ½ZZq-Éj
ZzgÃà]4h4ð GH»"54è JEGE ( s e c r e t i n ) ÅF,d-öIJ{¤;gñ÷�h&4èGHE ( c h y m e ) �CìÂÝk

Å»g~ÅÑz¬]�CìTÅzzÐÅ5Ò0î EEÔ®ZzggKW-$Å�-ZgzV~Å5Ó4-ö EEJ (Cholecystochynin)

ÆZ�ÛZiZ]Æn�q-aZ�CìX succus entericus Zzg  gkÔ1$gk
W\ÆìwÆ_.gKW-$DZzg#-Cå FGFZgYV�Cì? l

Z
+
Cå

E

E
E
Z[Æ¿~±i�çb»¿zZµ�@*ì? l

Æfg=kc*]»Z+Cå EEEZ[Zq-¹�ZN!¿ìX (Villi) gKW-$~Z&½o-ö
E
Y
IG

Z¸g

¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno
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W��-Zg,Üs.e$gLkc*CfgZ]ÃZLZ0+g*gä�î�X)�&À£4/õ GJG)®)2»$öi)
ÅGÆfg=ZâYÅÃ(X

:(Paper tube and folded papers) »½Å"Zzg&×}4ð XKñ»½
20    »gK¥x�Æ (one side) »½Æ�}½<Z¹»½ÆZq-z 10  20cm CYÃ

»½�Z4�äÅÃÒ<�V (folded) ÆavXZk"~Pµ�{ (roll) »½Ãm 20 cm

J-e�n"~»½zV�Z4<W\"~Ð»½zVÃé�ïnÔ¦J<Zzg»½zVÆÓx
gÕÃ¥x<X

ÆgKÐ».Þ<HW\ägÕ~ÃðZ��¥xHì? roll ÄkÆgK» (folded) l

Z¤/;VÂzõ¥x�äÅÃÒ<X
¹Y@*ì (Villi) gKW-$ÅZ0+gzãR6,DÙZgzVZ¶úZ¸g0*ñYD�qzÑð
~g3Ynt¿ fold tzÑðZ+Cå EEEZ[ÆÒgK~Z���D�@*�½ZÃE²�J-qV

Z
+
Cå

E

E
E
Z[Ã�Ûzr�êìX

�V6,ÃµÂxZq-�B»x�gì�? l

HW\Îh��z{ÂxN**àÅÓxMð~Zq-�B»x�D�?YV&YV7?  l

»�£xgBbìYèÛzã�* tract Z0+gzãZ¡IÆ�gxyN**à
Ði�ð½ZÅ̂~Zk6,F8z6ðPC�k]¿�D�XZk
ÆË~W-$Ð¡WÑ]Æ�BWCWÑ]Æ%1ïw»]Æ
(,}fí}ÃF,¹�~ì@*�;aóZ+Cå EEEZ[ZzgZy%Z`Æ�zgZyo�&îg6,

ÃD (P ro pu ls io n ) ZâYÆ5äZzģ]Ðeªc*¸]�B
¯c*YnX

:»½Å" 8-^

u¡
pyÅÄc*]»Yw

#©

#ï¼z�
Å.§
ö

E

Âx»z

§CZqw~Zgno ¥ÅF,¹ÆaÓ#Ö»j
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Z,zWZzgë{�VÆYw6,��D� (Neural apparatus) øg~N**àÆ¡WÑ]
�c*ìX Nick name» (Second Brain) �Z7�0ZâVä�zuZ�âr

�@*Mediate Z[Zk!*]»ØÎäÅÃÒÅYg�ì�¾§b�zuZ�âr�Æâñ*Cg�¿Ã
�½Zð**à6,¶K:!*0+ñ�@*ì@*�ÛzãúWzg�VÃhu�Æ!*CÙ 70 ìXøg}âñ*CÂx»ÁZiÁ

ïÑYnX
~�k7[Ð gut ½Zð**à~�0ZVt¥x�äÆaÌ»xZ�x�,gì��¾§b

�D�X (Communication) ic*�{"5¿.ç EGHc*½Zð**àÆ¡ÂxÆúVÆ�BF,
Ð½}�ñ¡!*ÄÆZyâ�zVÅ�~�ZÏs�Cì�tÜs neurotransmitters Zë

N¿c*Lrg�EZàÈuÅ¡`Æ´z{¹¼�D�Xøg~Å7,~~(,}�ârÐa%Z�Z
»gN*�ârËuJ-øg~�â©qª(»ç�@*ìZzg�ÆCÙ{~ºmFg-V Inner yards øg}

~ZëgzwZ�Z�@*ìX
(W**Ñzq loose motions) ZÒW\ät�/H�Ç�Z¤/W\ËzzÐÚî~�ÂW\ÃZ�w l

�YD�XZkÐ�H¥x�@*ì?
!*z��t�tzWZW,zZÑìó�ârU*ãÃðÌÅg~ìÑ]c*ê�i~»£x7�@*XZ�bêW�¡

BäzZÑt�zuZ�ârøg~½Zð**àÅD"Å�-ZgzV~�U (Enteric nervous System) Âx
�ñ�VÅ�hé EIîV6,��@*ì�%~ÐÞiJ-Zq-u}Ð�zu}u}J-½ãâ¢akÅeö

��V6,��@*ìt®Z�£ðezg~c*
&
B3�
ö
G¡Âx~0*ðYäzZà 100 g�rìX�zuZ�ârÃð

®Z�Ðic*�{�CìXW�¡Âx~Zk§bÆ�V»Zj�Jxøg~½Zð**àÅZ0+gzã�*ZzgZkÆ
ÃCk�ä~æ��êìX�q-aZ�äó½ZÆÂhäÃ%1o�äókc*]»Z+Cå EEEZ[ (Contents) Zb%ZY

Zzg**»g{â�zVÃ!*CÙï%Æa6ð¿MzZg~ó}n5äÆ¿ZzgpÐ�&Z@*gm%JîÆWð
ZÁ�]Å¢zg]�CìX�CÙqÃnÅ§sw�'�îìX

Zk§bZLp�Æw�]ZzgZ��]Ð:�zuZ�âr½Zð**àÆZZdwÃZÒ�ârÆ%
WiZ�Z:îg6,Mzw�YìX

Z�b�ZVtÌâ���tÂx¹ë{gZ3ì�ÜsZâYÃ½Zð**àÐZzgZkÆ!*CÙ
7�ã¦/gäÆa¯c*�HX

¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno168
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½Zð**àÆ!*CÙÃ́qYCì? l

Æ�zZëgZ2VÃfs~ec*�HìX (Waste expulsion) ZgZâYÃ!*CÙï% l

W\Æìw~Zy�zâV~ÐÃ̈KÜs½Zð**àÆfg)zZµ�@*ìX
ªkÙ�W\ä`�ðeñÅìÃÉÄ~l�ñZq-Í!¯c*X�~W\äW×Ð
ÍáÃ�!*c*ZzgQZÐÅÑXW\äHx@{H?W\Ã¥x�Ç�ÉÄäeñÅìÐ0*ãÃ_.[�1
ìX

(,~W-$Ã(Að FXh�XW]ÅñY (Faecec/stools) ÇZÏ§bÐ)¢zg~Zgâ�}�
w�'Ð�z¬ñ�~�Z4�@*ìXÃÞ»!*c*Vz�Æafí{x»»x�@*ìX0*ã�z!*g{_.[

1zZÑ �1Y@*ìXZzg!*¹�À�Jâ�{(,~W-$ÆWy%~{z¬ñ�~fí{HY@*ìXZk§bÅ
ìX Æfg=ïw�c*Y@* (anus) B@*ì��~øg}�Æ!*CÙÞi (Stool) ig�g8-»ºðâ�{',Zi

Ã!*CÙï%Æ¿6,ÃyÏqMzw�CìX Stools �Ð� l

HW\Îh��NzwZgZ�~ì?YV&YV7? l

',ZiÃ!*CÙï%~�zWC6,'æ��C�XZ0+gÅY+$ñ��Z0+gzãÞi~¬Ü{)ZgZ�~îg6,Zzg
�zuZÛzãÞi~¬Ü{ZgZ�~îg6,»x�@*ìXtWC�854è

EG

G**àÆgziyÃÅ%ZzgÈ�ä~æ��C
¹Y@*ìX anal sphincter Þi~¬Ü �XÎ

Høg~N**àÆË�zu}{~¬Ü{ l

ñ���@*ì?z{¹V6,�@*ì? sphincter

�ÛnÙ�Zq-¿ä�Å¢zg]Ðic*�{ l

(Ñ]»Ü�HìXW\ÅÎaÆ_.
¾§bic*�{0*ã�Æ!*CÙ{g`��c*Y@*
ì?

Zgâ�zV»Zy%Z`

Zgâ�zV»Zy%Z`',Z{pyó¤/�}ó¢z){
tZgâ�}¬xîg6,¤]ó0*ãZzg-gc*�

Å̂~ (Stool)�
)Ç�{½Zðâ�zV»Zy%Z`

§CZqw~Zgno ¥ÅF,¹ÆaÓ#Ö»j
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� Zçñ
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Z[J-ëä�¬�ùZÂxZq-�B»x�D�ñ;aÆ¿»!*)̄�W�?
W�ãÐ»x�äÆát¿ÂZ**ð¹VÐqÝ�@*ì? l

W-$Ðpy~�Z4�äzZáÇ�{â�zVÅlZgH�Cì? l

ÃYg~ (Respiration) Z¤/½ZÐÂZ**ðqÝ�**ìÂZj��**¢zg~�@*ìZkÑÆaw
Å�-ZgzVÃ0*g�Æpy~�Z4�CìX�V (alveoli) �|zV oxygen gx�ÇX�xÉÆ�zgZy

ÐWxpyÆuc8o-.ð EGV~�Z4��øg}�ÆÓxúVJ-(Að FX)ìZÏz�Ü»g0eZðW�à
pyÐµzVÆ�|zV~�Z4�CìZzg�x',Zg~i9Æ�zgZy�÷Æfg=!*CÙgh~YCìX

{g`�CìX (Energy) úV~ñ��kc*]�0*D�ZzgÂZ**ð
ÂZ**ð¹Vfí{ÅYCì? l

W\Æìw~Ã̈KÂxøg}�Ðic*�{¤]Ã!*CÙ{g`�@*ì? l

½Zð**àÐøg}�Æ!*CÙ~Y+$J-#Ã{g`�ä»Ã̈KgZ3�Yì? l

wÆ�zgZyë�ZÃZ0+gheZzg!*CÙghäÆfg=Ú�÷fe�XtZq-)ZgZ�~¿�@*ìZzgp�
Æ£¦lÆfg=NzwHY@*ìwÆ�zgZy!*b�ÆW]&sÔ (ANS) »g¡Âx

Ãw�'�ï�XTÅzzÐµzV~�ZÃ½Z (ribs cage) Æw»]-VÆ¼} (Diaphragn)

ic*�{Wx6,��ZµzVÆfg=pyÆ·î~ (Deflated) Zzg�ZÃ{g̀HY@*ì (Inflated) Y@*ì
�Z4�YCìZ¤/WxÃ!*:VJ-(Að FX"ìÂZÐpyÆfg=¤/�lHY@*ìXt¿¾§bYg~gLìX

Å<å XEZ;a»¿ó�Zq-ë{¿ìFZ¡IYZzg�¦ÂñV6,��@*ìXqÑè;L½Zð**à~zZµ�@*
ìpZkÆawZzg�zgZypy»Zgno¢zg~ìzg:½ZÅ�ZzgZâYÅÃZ�x70*C�ÂZ**ð{g̀�ä
Æ¿Æa"u¢zg~ìZkÆË~Zq-�zu}6,!*bZ®g�äzZáÂx»x�**È��ï�X

ZzgÂZ**ð{g`�äzZáZqwÆnøg}fg=qÝÅ�½Z Assimilation o�&;aÔ¹ l

ÃZnZb%ZñF,0Ì~Âh**¢zg~ìX
ZK̈ãNÂx�zâV�}Õä EECZzg¡ÂñV6,��@*ìX l

¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno

Ô½Zð1ÖÔ (Papillae) 6ð
&
B}Ð

öÔ
(�545é EHEGV (Taste receptor) Ô�&fZBÆ

&
B}Ð

ö LeptinÔGhrelin 

Ô£qlÔ�â©�Ô¡ÂxX (Villi) (Ôq�¬Ü{ÔzÑð Peristalsis ÔñYw�') (Chyme) Ýk

ã~ZÖp

ëäH5
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)�(�k7[Z¡[6,��@*ì�WCu¤/òópy»·îó 100 N**à~ñ��Zq-ºm¡Âx½ã l

(Ã%1o�@*ìX Gastro intestinal tract ;Lókc*]»Z+Cå EEEZ[ZzgN**àÆ�vu¤/ñV)nðW�**à
»Z�ÛZi Leptin ÈuÆZ��]aZ�ä»f)�ZgìXZq-Zzg;gñy Ghrelin n}~Z�ÛZi�EZÑ;gñy l

ÈuÃ�!*@*ì
Å#³��!*c*Y@*ìX (Palate) fZHÃW�ãÐÜsZkz�ÜÙ|#HYYìZ#i!*yÃ85ëE l

fZHZzg1Æ�gxy�ÛRm0*c*Y@*ì**u~ñ��6ð&B}ÐöZzgi!*yZ�ágZ]ÃZ�D�Zzg¡ÌyÅ̂~ l

�ârJ-F,(�ï�X�y6,1ZzgfZHÅÙ|#ÅYCìX
»ÌZ�ÛZi�@*ìXt (acid) °[»Z�ÛZiZ�ÏzZWÃ',�ÛZggnp�ñ¶K5Æ;a~æ��@*ìXøgZ��F,Ú l

F,Úøg}��Ãv0+{"5¿.ç EGHc*z){Ðôpgnp�Xp�»g¡ÂxÆ¿Æ�°!¼z�zVÆfg=°[»Z�ÛZi
½ZÃ=@*ì@*�çäZzgè3~W�ã�nX

»÷Z�x�î (gustatory) ìX�:Üs� (Tongue) ~ñ��WCZzg-�i!*y (Oral cavity) �6²A§õ XE l

~ZëgzwZ�Z�CìX (Swallowing) ìÉZZdwøw�6²A§õ XE~½ZÅp~Zzg5äZzgè3
è3Å}+M�â©ã~ñ��è3Æ%�/Æfg=%1o�Cì l

N**à~W]ÆiäZzgÌÐaZ�äzZà�zZgñŶÅw�'�½ZÃWÐÅ§seÇìñY l

BCìXtZq-WCñ`�Cì�½Zð**àÅåMðJ-�̂CìXt)ZgZ�~ìZzg Peristalsis w�'c*
p�»g¡ÂxZzgW�¡ÂxÆNzw~�CìX

 »¿�@*ìTÅzzÐZq-4âù½Zð�»g�CìT (Churn) n}ÆWCZÁnÐ½ZÆ�ä l

¹Y@*ìXÝkÆZzñ�~~�Z¼ÃW]Nzw�D�ZzgZkW]Ãq� Chyme ÃÝk
¹Y@*ìX (Pyloric sphincter) ¬Ü{
ÅF,)ã�@*ìXZkF,ÚÐ

Ä
A+
öN{%}izgZzgØgÐZdwZ�x�ï�X pH n}~F,d-öIJ (HCl) ¤!gF,� l

(Chyme) n}~Z�ÛZi��{gÎVÐ½ZÃÂhZY@*ìnðgkÐ5c*Y@*ìZzgZq-5ìF»g�@*ì�Ýk l

B@*ìX
n}Å#ïZ,»g~ZkÆp�ÆF,ØVÆfg=vyÐZkÅ�«�CìX l

;LówZzg�zgZyÆZqwÆ�zgZyZgno�**¢zg~ì@*�½Z»ZEwó½ZÅ�Zzgkc*]ÅÃzZµ�nX l

WCZzg¡NzwZqwÃ!*�°{§jÐZ�x�¶~æ��D�X

(AS1) ÐH%Z�ì? (hunger pangs) ÈuÅ̀ .1

(AS1) øg~3ðYäzZà½ZÆ;a~ÃµKãÂx�áïgT�? .2

§CZqw~Zgno ¥ÅF,¹ÆaÓ#Ö»j

ZLZõ[Ã�Ûzr�Ø
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¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno

(AS1) g<ä¹�LL1ÌÈu~Z���CìóóHW\ZkÒyÅ@*G�D�?YV? .3

(AS1) ñYw�'Zzgn}~¬Ü{Æ÷6,â^s .4

(AS1) �Ø�NÂx»x@{ÙtHì?;aÆ�zgZyZk»Hgzwì? .5

(AS1) z�;]e�X .6

Z¤/ëi!*yÃ85ëEÆ#³�~�!*NÂëfZHÅTyW�ãÐ�Mh�? (a

Z#½Z¹¤/x�CìÂëfZHÅÙ|#7�MhX (b

Z¤/py~�ÃiÅR¤/YñÂëÈuCk�D�X (c

gKW-$Zq-@̀�Zg**àÆ�zìX (d

(~Z���@*ìZ#ëM(Ñ]»ZEw�D�X Urination %O[ÆZy%Z`) (e

Zq-¿~%�/~¡Âx(,~uJ-OW,�äÆ!*z��;a»¿Yg~gLìX (f

(AS1) øDfsÆ�gxy̧�]ÒyÙX .7

Retropulsion - (Propulsion) (¸]�B d ½Zç**X�à�** (c gKW-$X(,~W-$ (b Chyme (1Ö a

(AS1) W\¾§bÈMh��ìZq-ññçäÅáì? .8

(AS1) ½Zç**£ë�?Zk¿~Z�ZÕVÆ�hzVÆgzwÅz�s#Ù? .9

(AS1) ìÐ%~Æfg=n}J-½ZÆ̂Æ�zgZy¾§bWCW-$ÃÂxZgnoaZ�@*ì? .10

(AS1) Æ�B@̀�Zg�äÅHzzìX;aÆ¿Æ�zgZyt¾§jÐæ�ÇgU*"$�D�? (Fold) FqV .11

(AS1) »H÷ì Peristalsis Zy�V~ .12

(,~W-$ (d gKW-$ (c n{ (b %~ (a

(AS1) Æ�zu}�ârÅ§bù�Zi7HYYì? Gut W�¡ÂxÃ½Zð**à .13

½ZÃ�Ú6,¬�wZLW\ÃÈ»Ck�@*ìXZ�9ìX4,>Ø9ì½ZÅ¢zg]7Yèz{ÈÅ7ìXHq¬�wÃ .14

(AS1) È»¯CìZzgH4,>ØÅÈuÃ�!*Cì?
(AS1) fZBZzg1Zq-�zu}Ðù0�? .15

(AS1) W\Æx@{K�½Zð**àÆ¬Ü{W]Æ**xe�ZzgZ7¿UÒyÙX .16

(AS2) WL6,°[Æ¿ÃKÆaW\Ã̈K�tZ�x�8?Zk»§i»góWÑ]ZzgZ�x�Ø�%ÖVÅz�s#Ù? .17

(AS2) H�ÇZ#°!**CVÃÈ��c*Yñ? .18

(AS2) Z¤/gKW-$Å�#ÖZzĝ%~Æ�z�ÂH�Ç? .19

(AS3) N¿~¡ZgnoÃKÆaZq-ÎZÜ)»gÙ? .20

(AS3) fZHÅày~85ëEÆgzwÃU*"$�äÆaZq-�/?m,Ù? .21

(AS4) Ð¥â]Z\ÙZzgZq-â^»gÙ? Library ÈuÆZ�kÆmÐZKZjw .22

(AS5) Z@*g�X Block Diagram ½Zð�Ð�ârJ-fZHÆZ�kÃeD�ñZq- .23

(AS5) %~~ñYw�'ÃeäÆa�s**'×�{�U? .24

5- ÎZw�
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§CZqw~Zgno ¥ÅF,¹ÆaÓ#Ö»j

{à»VÃ6,Ù

(AS5) {�U?NÂx¾§b�zgZyÂxÐ%1o�@*ìz�s#Ù? schematic» Villus gKW-$~ X25

(AS5) ½ZÅÜs1c*ÃÈuÃ�q-�îìXZq-�s{ÆÅæ�Ð¿ÃÒyÙ? X26

��Ðn}J-½ZÅw�'Ã{ÆÅæ�Ð�î�XÃµW]ZzgZ¡[½ZÅw�'~�áïgT�ZzgZk¿ÃH X27

(AS5) ¹Y@*ì?
(AS6) Æ�BZq-»gIy»gÙ? Caption 0*zÑzÆ�"6,o�& X28

(AS6) n}Ã�äÅáÅ§bW\ùuZx�8?Zk§b»ZgnoùYg~gLì? X29

(AS7) ìÄÅ̂~ZLZ��]»ZÖgÙ? Variety i0+ÏÆZZqw~Zq-(,~ X30

(AS7) ?m,Ù? Habitual actions Zk!*[ÃæÃgnp�ñ½Z3äÆ�zgZyZL�z�&ÃÃð�zZëæZò¿ X31

ÃªCÙ�@*ìX __________1 ìX�V ratio øg}�0+Zy»Ú�& 2:1:2:3 X1

~ÂhZY@*ìX __________ (,}æC�Ó]ÃN**àÆ X2

ì __________ ;aÆ�zgZyZ�ÛZi�äzZÑ¤!gF,� X3

~ñ��×&B}ÐöZ�ágZ]Ã�ârÅ§sF,(�ï�X __________ X4

�@*ìX __________ ¡m pH °[» X5

n�Ø�ñizVZÖpÃZEw�D�ñ{à»VÃ6,ÙX X6

ÐÈu»Z�k�@*ì�½ZÃZEw�ä»øu (Fluctuations) ;gñyÅR~Z@*gm%Jî (i)__________

» (ii)__________ áCìXZ#W\ÃCk�@*ì�W\»n{½Z�ZìZzgW\Ã½ZÅ¢zg]7ìZq-Zzg;gñy
Z�ÛZi�@*ì�ÈuÆZ�kÃ�!*@*ìXZ#ë½ZÃ��~fe�ÂZÐZh§bç**�@*ìXZkÑÆa

W]½ZÃçäÆ (iv)__________ W]çäÆ¿~æ��D�X²�}Æ (iii) __________

�}ÆW]ÃNzw�Cì (nerve)� (v)__________ �zgZy�}ÃZz6,ónóWÐóúw�'�ï�X
¡ÂxÆ¿Ð°!¼z�zVÐ°[»Z�ÛZi�@*ì�½ZÃ=ä~æ��@*ìTÐ½ZÃ (vi)__________

¶K5ÃÂh�]~ps�@*ìXçäÆ (vii)__________ çäZzgè3~W�ã�CìX°[~ñ��{°!
~ñ��è3Æ (ix)__________ Zzg (viii)__________ Ë~½Zè3Æ¿Æfg)%~~v�Cì�

�(x)__________ �CìfZHÅTy�CìZzg (Gustatory) %�/Ð%1o�D�Xi!*y�Åf)�Zg
fZHÆZ�k~ZëgzwZ�Z�CìX

 SecretinóGastrinóGrehlinóLeptin X1

GastrinóSecretinó  LeptinóGhralin X2

�}W]óÒW]ó�Z],~W]ó�Jg~�ZgW] X3

ÒW]ó�}W]ó¤/�yÆW]óEW] X4

173

SCERT, T
ELA

NGANA



¥ÅF,¹ÆaÓ#Ö»j §CZqw~Zgno

�ó£¦� 0*v,
 
B§
ö

G
E

�ó�zu~ B§ö
G
E

�ó0*v,n}Å X5

%�/~¡Âxó
&
B3�
ö
G¡Âxóp�»g¡Âx X6

amylaseóGalactaseóSurrareóLipase X7

Sà�ó B§ö
G
E

�ó�Â, B§ö
G
E

� 8th £¦lóåó X8

ó�â©�ó£¦lóz��âr Pons Varolii X9
 
B§
ö

G
E

�ówgC� 10th
 
B§
ö

G
E

�ó 5th
 
B§
ö

G
E

�ó 6th X10

( ) øDfs~ÐÃµqª(~W\fZHÃ̄gUTyMh� X1

]Æ²wÃi!*y6,eZw� (b ]ÅJVÃi!*y6,gÄ� (a
�}�äZzg¹Æ%gZ�&Ã_ (d i!*yÃW×Ð85ëEÅ#³��!*** (c

( ) ZkÅzzÐ�Cì? (peristalsis) ñYw�' X2
NZ�ÛZiZ] (d p�»g¡ÂxÆNzwÆ� (c �Z],~W]»ZÁn (b îàW]»ZÁn (a

( ) z{¬Ü{�n}ÃZzñ�~~Å%~æ��@*ì X3
nð (d Anal (c q� (b ¯ (a

( ) zÖÆøDfs{Ð�ÃiZzgZ�F,ØV»Z+Cå EEEZ[¿~W@*ì X4
Óx (d VS-z¬N (c pyÆÄc*] (b u¡7Í/õ EG (a

( ) �âr»z{z�ÈuÆZ�ágZ]ÃNzw�@*ì X5
z��âr (d å (c �â©�: (b £¦ (a

( Yè) Internal combustion machine ZK̈ã�×Zq-Z0+gzãZ�Z¹áìX X6
»Zy%Z`�@*ì CO2 wÆ�zgZy (b ½ZÐÂZ**ðÅ¹�@*ì (a

¤!gNgÎV»Z�ÛZi�@*ì (d ;aÆWy%~%µ~Zg½ZÃ!*CÙÀ_ì (c

ZK̈ã;aÆ@*g]o]ÅgÉð~�vCÇVÅ�gc*Ä:
ZLn}~9ÅÆ�BZq-W�ò

ÃZ·CÈztÅ Voyageur Alex st Martin �! 19 b%k,}6, Michigan ~� Fort Mackinal Zq-pÎZgð
Íà�Ðn}~inWc*åXzZ�ÛlZg~pyËg;åXZzginäÍ�-ZgZzgn}~ß��b¸XiÂ¿Å}.#ÖÆ

äinÃ�sHZzgn}ZzgµzVÆ!*CÙ� Dr, Beaumont Ã�c*�HX (Surgen) Zq-¯Y%̀Zb Dr.Beaumenta
Ãª]�ðYèZ7 Dr, Beaumont Ãi0+{�N� St Martin �ñ�VÃzZ:²A§õ XE~gnp�ñinÅ%ë÷Å�zu}�y

äin»´`HZzgZkÆ²á§]Ã(,JäÅ½7gÃÒÅXn{» Dr, Beaumont Zk!*]ÅZy7¶�ZK?'g]Ð
J�-ZgÐa%äÅzzÐin7g~§bÐ½[åX

YõÆa Dr, Beaumont 0�HåXT~ flap pZq-ÎgZc!*¹åXinÆZq-{ÐZq-�gCoxÅ§bgN*
Æn}Ð(Ñ]qÝ�D¸X Martin

9�Z[»ZN[Ù

e
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§CZqw~Zgno ¥ÅF,¹ÆaÓ#Ö»j

Zõ"�Z4ÅZzgnðgkÃqÝ 5-6 Ã�!*�n}~ flap Ã�Z6§s¶D�ñ St MartinäDr, Beaumont

�D�ñZkÆZb%ZYÃÙ|#HXn}ÆÎgZcÆfg)ZkäZq-@*gÆ�B½ZÃZ0+g�Z4H@*�b%z~îg6,Ç�{½ZÃ
�z!*g{qÝ�ÆZeWÐZJyHYnXZkän}ÆZdwÃ¥x�äÆa½ZÆ;a6,F�!*]K�Zkz�ÜÐ¬
Z�x7�Ø�¸XZkäFqzVÃ�gc*ÄH��bÆa6¸

ÆStew panc*(Vat) �-VJ-tìwHY@*å�n{wZg]ÃaZ�D�ñ½ZÃå@*ìXn}Ã_óZq-Â~�î
Ã¥~�&Ðic*�{ 1822 �y 16 Æ�!*]ä;aÆ¦gZ]~Zz[',0*HX Dr, Beaumont §bÌìwHY@*åX

~�c*�ë��LL~ZLW\ÃZ�Ì¡ (journal) ãC�~�!*]ÅÑz¬]�ðXZkäZLFx@Z]Zzg�!*]ÃZLg�á
§hVÅz�gìZ̧zgZêZ~.G�ÓxËgZ�& Scientific Zq-�/�äzZÑ&�VóóT~½��{Z:¬]ZÌJ-

Å¼�gc*©t�X Dr, Beaumont �!*CZ�Zâ]6,FF¸
;aÆ�zgZyZkän}Æ�gzwZg]ÅeöÅXZkÃtY+6,À�Z�wZg]~ËÌnÅp~7¶XZkä X1

(100oF/38oc) ¥xH�wZg]xîg6,',�ÛZg¶
Å(,~lZg6,��@*ìX¬ÅgZñÆ',Üs�tâ�¸�nðgkÜs0*ã HCl Zkä¥xH�{Ønðgk X2

6,��@*ìX
Ã¡]ZzgN**à~�&Ðic*�{¬x²w?m,�DJ̧F,+A~ÌÆ¿»£7̈�$ËXn} HCl PWü

ì�6ð¿~æ��@*ìX agent Zq-6ð HCl Æ!*CÙÌt³Z~.H�
Zkä¥xH�nðgkn}~fí{7HY@*É½ZÆhe6,tZ�ÛZiHY@*ìZ#n}~½Z�Z4�CìÂt**CV X3

ÃF,(�êì�Z�ÛZiZ]Ã̄gU;aÆan}~Yg~�,X
420 z{Zk!*]ÐzZ��[å�½ZÆn}~�Z4�D�¯gU;a»¿Ñzq�@*ìXZkä3**3äÆ!*Ç X4

H)3ð�ð½Z~¬x=Y�Q��ZØ(,ZÍ�&ó test Ð(Ñ]ÃqÝ�D�ñn}~ñ��Zb%ZY» Flap�
Wßó',i+óÑ�áï¸(Zzg¥xH�;a»¿Ñzq�[ìZzg4îg6,F,¹0*g;ìX
ZkätÌ�gc*ÄH�½ZÆ:3ä6,Ìn}~(Að FX�ð�½ZÈuÃt�Cì)��Zzg%~Ð*g}%n}Ã X5

Æfg) flap WJ-È»g3ZzgZn� 4 Ã**ºÐ St.Martin (Að FXizZà½Z(ZLGz2ÃL�äÆaZkä
½ZÃn}~�Z4HXZ��¬�Èu»Z�kZKR6,W(Að FX�X
qÑèt¥~;aÐ0Z·¹�!*]Z̧yÐFÎZÑ]Z`X
Èu»:LHì? l

�ârÃn}~�äzZázZu]Æ!*g}~¾§b¥x�@*ì? l

nðgkÆZ�ÛZi»!*)̄H�@*ì? l

NgÎVÐ½ZÃYVZzg¾§b5c*Y@*ì? l

H;a»¿WiZ�Z:îg6,zZµ�@*ìc*�zu}Âx�¡ZzgWCÌZk~�áï�D�X l

Z#Lëv~�c*Z+½Z3D��øg};LÆañizV7�CA$NÂxZkÅ�á|#�ÆÇ .1  ¢/õ

G
J
Zzge»g:

Ã)Ç�{½ZÆ (Chyme) ZkÆ�B�)ZgZ�~¡Âxnð�-ZgzV~ñaZ�ÆÝk (2) �äÐZïg��êìX
�ZzZ�]�Ze7-e»gWCìX�»gÆ�B�B¼Ngk%~ (3) ë�X (vomitting) �BzZ:ßN*�êìX&ë¢/õ GJ

tWCiZ�p� (4) Ð�D�ñì~WY@*ìXn{~ñ��F,ÚÅ!*CÙ~w�'ÅzzÐBZzg²~¡»Z�k�@*ì
z,
 
B§
ö

G
E

�Æfg=NzwGYD�X 10 »g
&
B3�
ö
G¡$�é ExÅ
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Z#ëøg~�*ZzgZk~i0+ÏÆZZlx»x@{�D�Â�z��q,ói0+ÏÅ�{F,+Zlx
ZzgZyÆÎx¹øg}x@{~WC�Xi0+ÏÆZg»YÃKÆa�i0+ÏÅZy�zS:]ÃK
Å¢zg]ìXZ#ëë��Ë�»Zg»Y¿~Wc*ìÂZeÈ:ÜsZk�~p~zZµ�C
ìÉZkp~~p~Åò»ÃðKÌ�@*ìX

pZg»Y»¿¾§b�@*7õ XL?Ht¿NzáZF,�@*ìc*!zZµ�@*ì?Ht¿Üsp~Ð
0ìTÐÃð5ZzgZ�z��~WCì?
Â6Æ!*g}~ë_·�`��Â6~¿Æfg=¬xîg6,aZ�äzZáZ�xzZ+ÅP
S:]Æqï�äÆ!*z��Zy~P5S:]Ì0*ðYC�X�%ûZ+5S:]i0+ÏÅ
ªV~�.Þx@{p=V»:L�C�X
5S:]¾§baZ�C�? m

HtÂZgO�C�? m

HZg»YÆ¿~ZïÃð��Zg�@*ì? m

W�Zk!*[~ëZ,FÎZÑ]Æ�Z[Y+ÅÃÒ�,ÐX
5S:]ZzgpZ]: 8.1

ZL{0+ZyÆ!*g}~¨gÙXW\ÁS:]ÃZLzZc*zZ{Æ�BZ_2.ç IGGZu�D
ß �?PS:]~x�V�Wçó)�Û6(»g8-ó!*w»g8-ó!*wÅnó**uÅ�|#ón{Å�|#ó»yÅ

)a%~�ðc*WiZ�(óZù`ÆZ0+gzã¶K**]z){ÆZÖgÆaZq-].zw¯�XZq-»Ý~W\Å
S:]Zzg�zu}»Ý~W\ÆzZ+ÆS:]sX

ÂZg_ZzgZg»Y
Heredity

and Evolution

zZ+Ð±J- - ÂZg_¥ÅF,¹ÆaÓ#Ö»j
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W\Z+XS:]Æ!*g}~¶K0+�K��W\~ZzgW\ÆzZc*zZ{~7V�? l

HW\~Z+ÃðS¤ì�:ÂW\ÆzZ~ìZzg:zZ{~ñ��ì?z{S¤Hì? l

tS:]W\~¹VÐWð�?ZkÆ!*g}~W\HB�? l

ZkÆ0'×h+¥â]ÆaW�Z[ëZq-rZ�x�,ÐX

W\Æ�Z�Zó�Z�~c*****ó**ã�ÂW\ZK»8~qgzfsZq-].zwÆfg=ZKÐV»ZLzZ+ó
¸ðóÇZzg�Z�Zó�Z�~Ð».ÞÙX

÷}�Z�Z&�Z�~~ ÷~Ç~ ÷}¸ð~ ÷}zZ~ ÷~âV~ í~ S:]
r r r a r a �Zá!*w .1

Wç)�ÛO»g8-( .2

HW\~Z+7VS:]��W\ÅâVZzg**ã~Ì0*ðYC�? l

HW\~Z+S:]��ÜsW\Æ**ã~0*ðYC�? l

ZyS:]»**ãÐW\~ÃÆ!*g}~W\»Hìwì? l

HZ+ÃðS¤ì�W\Å**ã~ñ��7ìXpW\ZzgW5zZ{~0*ðYC�? l

W\ÅzZ{~tS¤¹VÐWðì? l

W\ÆP�z2V»x@{ÙXZyÅS:]Ã�g`fs].zw~�g`ÙXW\Å¬]Ì
Z,��g`ÙX

2- ].zw

W\ÅS:]»ZLË�z�&ÅS:]Ð».ÞÙXXS:]W\~ZzgW\Æ�z�&~ l

xË�?

�vÃðS:] W\V»g8-
)�ÛO(

%OãÅMð Zù`ÅZ0+gzã
Y+$¶K**]

»yÅßWiZ�&
a%}�ñ

¢»g8- W\Æ�z�&
»**x
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HW\Å'×h+ÃðS:]W\ÆzZ+~c*W\Æ�z�&~xË�? l

HW\B��W\ÅS:]ZzgW\ÆzZ+ÅS:]~�ÛtZzgW\Æ�z�&ÅS:] l

~�ÛtÁz�7V�XYV&YV7?
�ÛRģzZá�-VÆ¤/z�V~ZzgZéS:]~�ÛtÃpZ]¹Y@*ìX¬xîg6,Ë¤/z{~

Zq-5S¤pZ]aZ�Cì�YV~Ìv�D�X

HpÜsªCÙ~�Ûtì? m

HtZ�ð©à�ÛtÆaÌìÎë¬xîg6,ÃZ0+Zi��ï�?
vkÆxË7�zVÆ_·Ãc*�Ù( doob ))®)2Æ!*[àqZzg�gzÈ~~�z4&

Zq-®Å̂c*æÅ̂~ñ���V»x@{ÙXW\Zq-ÀògZñ�ì�äÆaz;VZ
�V»x@{�,ÐX

HW\�z7V�VÃ0*NÐX m

ÐÕ@z��~WD�( (ovules) z{
±i�çbZq-�zu}ÐZ�?)Z�ág{:W\Y���1É m

pZ]YVZë�?Ë�tc*W!*�~ÆapZ]¾§bZÌÆqï�X m

�wZzgZn�!*]: 8.2

z,�~Æ 19 F�-VÐâCÙ+¡]�g]~pZ]ZzgZyÆ��Zg»_·�DWgì�X
(�pZ]ÆzZµ�äZq- Studies ZzZb~F�0ZâVä¹»xZ�x�c*XZy~Ð¼_·)

±Ð�zu~±~v�äÃK~çzy�VÏXëLLHº]Æ!*zZW�xóóBäzZá¤/vYyrw
z,�~ÆZzZb~�ÛZëG��!*CØZ@Æ!*g} 19 ÅY+$Ð (Gregor Johan Mendel)

~,Ð7,³ÐX

:Z¡IY~p 1 - ^
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äpZ]¾§bZq-±Ð�zu~± (Gregor Johan Mendel) Y~¤/vYy�w 1857

~v�D�X�ZÆ!*g}~»x�**ÑzqHXrwZL�!*C»xÃ:Ë-Eg;~Zzg
:��/Ç{~Z�x�c*Xaèz{Zq-+0*�g~åZkaZkä¤/YyÆ!*�-@î EGF~ZL�!*]Z�x
�ØXZkä½ã�]�wJ-�!*]Z�x�¶Æ�æÆ7�zVÃÉ�äÅz�;]Æ
îg6,7HX

æÆ7�zVÃÉ�äÅz�;] 8.2.1

�wä7�zV»Ngx@{HZzg¹�æÆ7�}'×h+ïZ�x�¶ÆaøDfsz�;]
Å¯6,ic*�{ñfzV�X

p�ik,Ï»�  (3 �z@S:]  (2 (zZãúc*VS:] 1

�@*ìX Anuual t7�Z�Ñ:   (5 0*gik,ÏcñizV  (4

ZkÆ�âr~Z0�ñÎZßVÆ�Z[�¶ÆaZkäZ�1VÅµ/È~�ÆZÐ
æÆ7�zV6,ó»xZ�x�c*X 10,000 ZZlxÆ½ã 34 HXZkäZkÑÆa Design

æÆ7�zV»Ngx@{�D�ñrwätCkH�æÆ7�}FZq-S:]Å¯Y6,Zq-
(,}�Æ7�}X : �zu}ÐZ�D�X}

��S:] 7 �wÆfg=_·��{æÆ7�zVÆ    3- ].zw
z�s# S¤ �¶Ky

Zz�Zc*C Yw»g8- .1

$c*gZÏ)Z¤/$�D�ÂãÅåMðJ-$qª(~
F,KM���D�X(

Yw»ûz̧q .2

ig�c*!Ô Õ@»g8- .3

Íwc*L~�Zg Õ@Å̂ .4

åîg6,%0*ð�ð̂Z½~�ðc*i~�ð ^Å̂ .5

Óx6�ñ¦Vig�g8-~�D�X%6�ñ{
ig�c*!g8-~�D�X

^»g8- .6

Å( 7@*6 Z#7�}7VqÑ]~ZÇc*Y@*ìÂPãE)
Å(�D�X 1/2 Å@* 3/4 ZzgPã-�)

ã»îw .7

:¤/vYy�w 2-^
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S:]ÆarwÆq-z%Z%oÆ}ò 7 :æÆ7�zV~ 2- ].zw
Ú ±F2

)ªCÙ~gz\(

¸(̈:¦[

¦[S¤ ¸(̈S¤ S¤

3.15:1 224:705

C Zz�Z
Yw»g8-

3.14:1 207:651

gZÏ $
Yw»ûz̧q

3.01:1 2001:6022

! ig�
Õ@»g8-

2.96:1 1850:5474

L~�Zg Íw
Õ@Å�|#

2.95:1 882:299

�ð i~ Z½~�ð
^Å�|#

2.82:1 152:428

ig� !
^»g8-

2.84:1 277:787

- Ñm
�»îw
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~Cñ�§i6, 2- c*gL�ÆóÕ@Íwc*L~�ZgóÕ@Æ7�&)Õ@&4/õ FG
G

(»g8-ig�c*!z){X].zw
~3 S:]ÃÉHX6�Ô].zw (Contrasting) �hZq-�� 7 rwäZLó_·Æa

ec*�HìX

�w»tGz£å�S:]�gÐVÆv�C�XZzgZq-Y0+ZgËZq-S¤
ÆaúZïZq-�h~~v�@*ìXZkätGz£Ì7H�xËS¤Æºt
ÐV»ZÖgËY0+ZgÅW!*�~~�¬YYìXZeìwå�æÆ7�zVÅÐV»ZÖg

Zk~0*ñYäzZá�V~�@*ìX�V~ZyÐVÅÃZyÆñ7�}Ð�C
ìXñ7�}¾§bZKÐVÃ�V~v
�D�?HÑÆ7�zVÆÕ@å6ÑÆ
7�}�aZ�D�?

ZknÆÎZÑ]Æ�Z[Y+Æarwä
F�!*]Z�x�Ø

�wÆfg=Z(gH�H§i»g 8.2.2

�wäZZlxÆ7�zV»ZN[HÔZy l

7�zVÐÕ@qÝGZzgZy�VÐ'×h+7�}
ZÇñX
Zkä�&Ð¬Zq-ºmnÆ7�zV~p� l

ik,ÏÆ¿ÃzZµ�ä�c*X

¥ÅF,¹ÆaÓ#Ö»j

æ»7�ZZq-�Ñ:7�ZìT»�zg§]Zq-�w�@*ìXtZq-u�ñÌÅ̀ì��*ÆF
0*ÎyÆEÙ?ZzgÑwf!yz*y~ 2 0 0 0 B C �V~ZÇðYCìXæZjjîy~

$Ò54-
ê
G
E

GÆ�zu}Û~t�ZwÅ̀IÅzZ�~Zzg�! BC ~0*c*Y@*åX�zu} 2250-1750BC

�Zn Zzg SóPóMnóMg óFeóCa Æ´z{ B Zzg KóEóCóA yz*y~ZÇðYäÐXæ~zN*ð
n*]Ì0*ñYD�X

Zz�}g8-ÆYßVÐ
igg3VÃïw�c*�HX

CYßVÆigg3V
Ðët',�Zgik,}�ZâV
ÃZz�}YßVÆú
',�Zgâ��6,vH�HX

ñ~±

â��
igg8

ik,Ï�{â��̂~
%0*@*ìX

^ÐqÝ��{�V
ÃZÇc*X

±ÅYõÅXÓx 5
YwZz�}qÝ

�ñX

F1- «±

zZ+Ð±J- - ÂZg_

HW\Y��? !

181

SCERT, T
ELA

NGANA



(» pure F%ûp�ik,ÏÆ¿Ã�CÙZD�ñ�wä{mnÆ�VÃqÝHZzgZ7LL{Øóó) /

**x�c*X
ZÒz{ZL�!*]ÃZk§bÅ{ØnÐÑzq�@*Zzg7�}Ã%0*äÆngh�êZ#7�}Ð /

Ywä3�A$̂~eñ�§jÐ0*gik,ÏÆ¿ÃZ�x�êX
(Monohybrid Cross) q-z%Z%o 8.2.3

Zq-{Ø±Æig�Õ@gppzZá7�}Zzg!Õ@gppzZá7�}ÆÎ0*gik,Ï�zZä6,
øDfs}òqÝ�ñX

Æp±Æ�(̂ (Filial) (: First Filial (F1) Generation «Z¯ð±)
ÆÓxÕ@ig�¸XZyæÆ7�zVÃp�ik,ÏÐ*Zgä6,øDfs}òqÝ�ñXÓx
æÆÕ@ig�qÝ�ñX

ig�Õ@ 75% ±~½ã F2 (: Second Filial (F2) generation �zu~Z¯ð±)
ÆÚ�& 3:1 !Õ@zZáæÆ7�}qÝ�ñXt}ò 25% zZáæÆ7�}Zzg½â

ÃªCÙ�CìXP�{!*Ñ}ò6,'×h+ïÆ��wäøD�sx@Z]â^GX
æÆ7�}� 25% ±~qÝ�äzZáæÆZq-�&7�zV~½âê F2 X1

ig�g8-ÆÕ@)ë&X¸(̈(gppzZá¸X
�v&Xig�Õ@gppzZá 50% ±~qÝ�äzZáæÆ7�zV~½ã F2 X2

Ú�& 3:1 7�}qÝ�ñXZy7�zVÅp�ik,Ï�zZä6,ig�Zzg!Õ@gppzZá7�}
~qÝ�ñX

æÆ7�}!g8-ÆÕ@ 25% ±~qÝ�äzZáæÆ7�zV~½ã F2 X3

ë&X¦[zZá¸XZzgZy7�zVÅp�ik,ÏÐ!Õ@zZá7�}�qÝ�D�X
�wäPGz�]7KTÅæ�Ðz{ZLx@Z]ÅÂ±�eX

CÙæÆ7�}~�zúZï�D��Zq-ºmS¤c*¹ÆaZ�äÆf)�Zg�D :I- Gz£
B@*ìX (Factor) �Xç�äzZÑúÒ{�CÙ¹»f)�Zg�@*ì¬ïc*

�wä(,~ZôoÆ�BZ,7�}ÃÉH�CZV³){Ø(7�ï¸Xøg}fg�Zzg!
~Zq-�nÆ�zúZï0*ñYD�X (Parental stage) g8-ÆæÅVw~Zq-{Ø±

Zq-{Ø±)ñ(fg�Õ@�¶zZáæ~�zâV7VnÆúZï0*ñYD�XW�Z7ë
óÐ̈�D�X YYL

zZ+

± F1

± F2

± F3
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Ð̈�D�X  óyy Zq-{Ø±)ñ(!Õ@zZáæ~�zâV7VnÆúZï0*ñYD�XW�Z7ëL
qª(Ã�v&X¹Y@*ìX Yy Ãë&X¹Y@*ìaèZ7ñ��úZï7V�D� yy Zzg YY

á�ZzÑ�~Zq-*�h¯c*Y@*ìX (factor) Â6Æ�zgZyCÙñÐZq-¬ï :2- Gz£

±~ªCÙ�ð¹ F1 Z¤/�zâVÃ5NÂZy~ÐZq-å�zu}6,¸(̈W@*ìX :3- Gó�£
¸(̈BCìX²�zu~¹T»ZÖg7�Z¦[BCìX

óy óZzgL Y ó)�fg�g8-»f)�Zgì(Zq-¸(̈¬ïìZk»Ètì�Z¤/L Y �ÛnÙ�L
ó¸(̈W@*ìA$æÆÕ@åfg�g8-Æ�D�X Y Zq-�zu}Æ�Ûd$WD�ÂL

(ÐqÝ�@*ìXZzg¬ï Y :Ðó0*gik,ÏÅ�±~{Ø±ÐZq-�¬ïfg�) 2- Gz£
Æ_.Óxæig�g8- 3- ó�@*ìXZzgGz£ Yy (ÐqÝ�@*ìXªÓxæ~ñ¬ïL y {Ø!)

ó¬ï¸(̈ìX y Æ�D�XYèL
Yy................. )ig�(
Yy................. )ig�(
Yy................. )ig�(
Yy................. )ig�(

~ªCÙ�äzZàÚ&¹¸(̈ìZzgªCÙ:�ä F1 ±( F1 ÓxæÆ7�}fg��D�X)
ìX (The law of Dominance) zZàÚ&¹¦[ìXţ(̈S:]»ç

±~p�ik,Ï: F1 8.2.4

óY ZâZ`p�ik,ÏÆ¿Ð¦/Zgä6,qÝ�äzZà5±~L ¬ïgppzZá Yy ZyæÆ7�zVÃ
�YìX Combination ó»Ãð y ZzgL

¥ÅF,¹ÆaÓ#Ö»j

ÓxZq-)z~Ú~0*ñYD�X yyóyYóYyóYY t
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± F2 8.2.5

æÆ7�}qÝ�,ÐXpÃðÌæT yyóyYóYyóYY Å<å XWEZZke�~ë½ã)z~®Z�zZá
�zâV¬ïg�Ð!g8-»�ÇXaèÓx)z~�ÂteìX yy ¬ïìfg�g8-»�ÇZzgÃðÌæT~ Y}

Zzgtfg��D�X 25% ½ã YY X1

Zzgtfg��D�X 25% ½â Yy Zzgtfg��D� 25% ½ã yY X2

t!g8-Æ�D�X 25% ½ã yy X3

±~PÕ@fg�g8-ÆªCÙ�D�XZ#Zy�VÃi}6,1c*�HÂZy~ÐP F1 Zzg

7�}!g8-ÆÕ@gppzZáaZ�ñXZkaëÛzãÃWäzZàS:]ÅãC�6,Z0+gzãS¤»
Z0+Zi{7ÎMhX

:(Phenotype) ªCÙ~gz\ 8.2.6

�fggg8-ÆæÆÕ@aZ�äzZá7�} 75 ±~ë�sîg6,x@{�Mh�� F2

)ªCÙ~îg6,�3ð "Phenotype" �!g8-ÆÕ@aZ�äzZá7�}�XZÐªCÙ~gz\ 25 Zzg

�CìX 3:1 Ú�&¹Y@*ìX� Phonotype �¶zZàS:](ZzgZkÚÃªCÙgz\

:(Genotype) HºCgz\ 8.2.7

�æÆ7�}�ig� 25 �fg�g8-ÆÕ@aZ�äzZáæÆ7�zV~Üs 75 HºCîg6,
��Zq-�S¤ÃªCÙ�äzZáúZï (homozygous) Zzgë&X (YY) g8-ÆÕ@�{Ø±

�!g8-ÆÕ@aZ�ä 25 Zzg!*¹ �D�X (Yy) ig�Õ@aZ�äzZáæ7�}�¤/&X 50% �X!*¹
nÆ�D�X (homozygous) (yy) ë&X zZáæÆ7�}{Ø

zZáúÒ{wzs{ÐªCÙGYäzZáæÆ7�}�ZkãúZïÃªCÙ�D�HºCgz\¹Y@* y Zzg Y 

±ÆtæqÝ�D F2 �@*ìXëp�ik,ÏÆ¿Ð 1:2:1(25:50:25) ìXtÚ�&HºCÚ�&B@*ì�
�X

g8-ÆæaZ�D�Xt!*]�!*C³Æ�BzZãÅ (YY) æp�ik,ÏÆfg=Üsig� YY X1
fg�æaZ�@*ìX 100% �ìtÃL
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(2) !æaZ�D�tqª(%³ 25% fg�æZzg½ã 75% æp�ik,ÏÆfg=½ã yY Zzg Yy X2

Åx/ìX 3:1

úZï�D�Üs!æaZ�D�X�g]~FúZï��ZS:]Æ yy !æT~ X3

f)�Zg�D�X
(Dihybrid Cross �zz%Z%o) 8.2.8

HëZLGz£ÃZq-Ðic*�{¬ïÆ�B<�Mh�X m

Zk»rwÆ�/6,¾§bZ:t�@*ìXtZkz�ÜZq-�BHYYìZ#�z��S:]ÉG
YNX

ÐªCÙHY@*ìX y Zzg Y æ»g8-fg�Zzg!Ãä́îg6, X1

ÐªCÙHY@* "r""R" æÅ�|#óÍwZzgL~�Zgä́îg6, X2

ìX
fg�ZzgÍw�VÆqï7�zVÃ!ZzgL~�Zg�V){Ø(Æqï
7�zVÆ�B0*gÏ�zZñ�X

¬ï "YyRr" ÓxæÆÕ@�fg�ZzgÍwaZ�ñXCÙæ~
0*ñYD�X

¬ï(¸(̈Ï�Óx R ¬ï(ZzgÍw¢) Y aèig�g8-)
±( F1 æÆÕ@ÍwZzgfg�g�ÐX)

(PÕ@Íw YyRr c*YYRR ±~ZkÃPÕ@fg�ZzgÍw F2

(ZzgPÕ@L~ Yyrrc*Yyrr (PÕ@L~�Zgfg�) yyrrc*yyRr Zzg!)
qÝ�ñX (yyrr) �ZgZzg!

¥ÅF,¹ÆaÓ#Ö»j

0*gik,ÏÆfg)

±F1

p�ik,ÏÆfg=
YYRrc*YyRR

ÍwZzg!

YyRrc*yyRR

ÍwZzgig�

yyrr L~�ZgZzgig�

±F2

L~�Zgig� Yyrr

zZ+Ð±J- - ÂZg_
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(Mandal's Laws �wÆà]) 8.2.9

�wä¹�ËS¤Æa�ÛRmgppzZáI�CVc*úZïÐ«±~ÜsZq-
S¤»ZÖg�@*ìaèZy�zâVS:]~ÐZq-¸(̈�CìXtZâ0ì�ZkÃ¸Ï

¹YäÎX (Law of Dominance) S¤»ç
ZkätÌ¹�CÙZÐZ�~�t~I�CV»Zq-�hËºm¹Æa0*c*Y@*ìTÃCÙzZ

ZLZzÑ�~I�DÅÜsZq-Ü&»8"F,KM¿Ðv�@*ìXẐKS¤ÆaI�CVÆ�h
¹ìXZzgZkÃ (Segregation) ÅZq-Zq-»8ZL�zâVzZ+ÐqÝ�@*ìX�wäZkÃ�ÑCåÏ

¹Y@*ìX (Law of Segregation) �Ñ
CåÏ»ç

�wäZq-Ðic*�{S:]ÆÂZgO¿ÅÜZs#ÌÅZkÆnZkäWiZ�Z:eÏ»
Ã?m,HXZkÆ0ë'×h+¥â]Z�)oV~ (Law of Independent Assortment) �ây

qÝ�,ÐXãC�~îg6,�Æae5±ÙX
Ï�Zq-±Ð�zu~±~v�C�XÂZgOÏBC�XëäæÆ7�}~Z+

PÐVÆ!*g}~Zy�!*]~7,Jì��wäZ�x�Ø�X

ÃKÆaW�Z[ë�g`fsrZ�x (mendelian principles) �wÆÂZgOZßßV
�,ÐX

°� 4 - T¢aah}eg^ 1 T¢aÑÆZzg 3 (a �g»gZâY:
°� 4- T¢aah}eg^ 1 T¢aÑ$4/õ EEZzg 2 (b

°� 4- ucÅ (c

°� 4- CÅ (d

Òv 2 eg^Xð~XZo6XRX (e

{âVzZÑZq-eg^»gÙT~Z°Z�Zzg´áV 2<2 : §i
Ã�3c*�H�)6�̂~Cc*�Hì(

)�ozZ+ÐZ�ZY�D�ñ(ÑÆZzggLCÙ (Mono hybrid cross) :q-z%Z%o ö .1

�h³ZzgZ¹�ze{Òv~gÚX 4 Zq-¢Æ
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â�{ÃªCÙ B 3,ÃZzg�zuZÒv A -(�ÛnÙ�Zq-Òv 2 ÑÆZzg 2 ¢�) 4 Z[CÙÒv~
~gÚXZk§b 1 ÐZq-Zq-»ïaZzgZ7Zq-�Beg^Æ{: B ZzgÒv A �@*ìXÒv

£VÃïsY�XZzgZ¹eg^6,gnpY�Xt¿Zkz�ÜJ-Yg~gÚZ#J-�W\Æ�zâV
Òv{à:�YNXZkz�ÜJ-W\Æeĝ~{ä£VÅ�h-VÐ½YNÐXW\Ãqgzfs

qÝ�VÐX�zÑÆ¢óZq-ÑmZzgZq--¯�z-¢X Combinations

Zku¤/òÃF�iZ�x�,ZzgfsÆÎZÑ]Æ�Z!*]�ØX
ÑÆ£VÆ�h-VÅ®Z�XìX m

Zq-ÑÆZzgZq--�h-VÅ®Z�Xì? m

-£VÆ�h-VÅ®Z�Xì? m

CÙZq-n»�Hì? m

ZköÆfg=W\H³Z~.�Mh�? m

Æfg=ÌZköÃöMh�XW\Æ�zu}öÆ}òÃ¬öÆ (buttons) W\Å
}òÐ».ÞÙXW\HCk�D�Xe~Cc*�H�zuZöàZzgZL�¹VÆ�BWÙX

:(Parents to progeny) zZ+ÐZzÑ�J- 8.3

ÃWCìX¬xîg6,ë (Photocopy) Zq-¿Zn�Z�ZÐx¹g�rìZq-±ÅZm{!Å�ÉÜ
Z,û}FggT�XZk§bÅx¹ZzÑ�~zZ+ÆÂZgOÐVÅÃ»³�CìX

ZK̈âV~ÂZgOÐVÃKÆaW�ëZq-rZ�x�ï�X�wÆ_.�V»g8-óÕ@
Æ7�&ó�»îwz){ÏÂZgO8}Ó454è

E

G
G

G�C�Õ��ñß�YV~0*ðYC�X
B@*ìX (Heredity) S:]c*ÐVÅzZ+ÐZzÑ�~Ãc**gÂZg_

B@*ìX (Inheritance) Zq-±Ð�zu~±~ÐVÅÃ»¿ÜS¤

Ï¾§bªCÙ�Cì? 8.3.1

rw»Gz£å�CÙS¤c*¹Zq-�h¬ïc*I�É4/õ JG)xËS¤»��ZÖg(Æ!*)̄
ªCÙ�Cì6�rwät**x�c*X
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»Zq-z DNA BD�Xå�gZÝCÙ7Í/õ EGÆ%�/{~ñ�� (genes) Z[ëY���tñgX
ÌS:]ÆZÖgÃNzw RNA �D�Xt¹c*S¤ÆZÖgÃNzw�D�XzZJk~

�YìX

ZK̈âV~½»ç 8.4
ë~ñgzOS:]øg}zZ+Ð�v�C�XW�ë¥x�,Ð�Z̈KâV~½»ç

�h 22 �h~ 23 ßãZ�xc*�zñizx0*ñYD�Õ�Zy (46) �h 23 3~ ¾§bzZµ�@*ìXCÙZ̈Kã
�D�XZ,�zñizxXÅ®Z�Zzg:ËâqÆ3,Zzgâ�{ (Autosomes) �zñizxò~ßãZ�x

BD�X�Zq-�h@ßãZ�x (Autosomes) ~ps7�CÉ7V�Cìò~ßãZ�x
ó�@*ìXt�z y óZzg�zuZL x BD�Xt�znÆ�D�XZq-L (Allosomes)sex chromosomes

óZzg�zuZ x Zzg3,úV~Zq-L (xx) ó�zñizx x �zñizxË�Û�Æ½»ç�D�Xâ�{ÆúV~�zL
�zñizé x )ú(~Üs (garmetes) �@*ìXâ�{Æfg=aZGYäzZáÓxizZZ (xy)óyL
�zñizxZzg�zuZ x 0*ñYD�X3,Æfg=aZGYäzZáizZZ)ët(�znÆ�D�XZq-

X �zñizx(Ã!*gzg�@*ì xú)  �zñizx»qÝëtó y �zñizxgppzZÑ�@*ìXZ¤/ y

qª(�CìXZzgâñß�±»�@*ìX xy A$a~

�ÛZ$h4ø
E

G�uó¾zZ?ZzgâzgFzÉ½54øGEä Rosalind Franklin

Å�|#»-îg6,ZÖgHXZrVä�gc*ÄH� 1950 DNA

�|#»ÃW@*ìẌS Double helix �?̈Sú%̈á�Zg DNA

»teJç]ZzgÃ�Æ¤/z\6,��@*ìXZzgi¶6ð%·]
Æ�hÆ�BZq-�zu}Ð%1o��gT bases BäzZá

Zzg (thymine)
(�)4

è

G

GE (Guanine) ÍZ2 (Adenine) �XtZi+2
~»ZÙw�[åXzZ?Zzg�q-�ÛZ$¹Ó4è EGEÃâzgõ 1962 �D�XZk²áJ-gz�C�w (Cytosine) �&43ð

J
G
H¯
z

É½54
ø
G
E

Æ�B�uâ.ÞZÅx«H�HX
Å6ðS¤Æfg=ÐV»ç�@*ìZzg DNA

Zk~©àp~pZ]»!*)̄�CìX!*ßVZzg¢»g8-z){
Å6ð�|#~©àÂZgO DNA ÐVÅPVB�X

p´VËY0+ZgÆ�V~S:]c*ÐV~p~»!*)̄�W
�X�pZ]Æf)�Zg�D�X

zZ+Ð±J- - ÂZg_¥ÅF,¹ÆaÓ#Ö»j
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�zñizx»qïëtúÃ!*gzg�@*ìÂH�Ç? x Z¤/ m

âñß�Å½»çÃy�@*ì?âVc*!*\? m

Ht�g�&ì�±ÅÅaZö»f)�Zgúg]Ãâ**Y@*ì? m

ÌZq-S¤ìc*¹?Htrw (sex) H½ m

Æç¸Ï6,¿�@*ì?
HW\ÅÓxÏW\ÆzZ+ÐxË�? m

:(Evolution) Zg»Y 8.5

Z�x~Â6Æ�zgZypZ]zZµ�D�X½Â6Zzg
ÅÜ~ñ��{xVËW!*�~Åâ&±~pZ]aZ�D�XËâjw~0*ñYEZá DNA

�Z]ÅW!*�~~z̧q5+k,pZ]ÆúZ�Üz}òÆ!*g}~_·�äÅÃÒ�,ÐX

:(Variations in beetle population) =g}ÅW!*�~~pZ]

fsÆ{�»x@{ÙT~=g}ÅW!*�~~pZ]ZzgZnZW,Z]ÃCc*�HìX
W�ë!*g{=gzVÆZq-¤/z\»¦g�D�XtÄh-VÆ!êV6,gT�XÒÂ6Æ

fg=ZyÅW!*�~~Z���@*ìXÅ<å XEZtW!*�~~pZ]aZ�äÆ�.Þ�D�X

¥ÅF,¹ÆaÓ#Ö»jzZ+Ð±J- - ÂZg_

!*\ÆÒ
ßãZ�x

±»

izZZ

ZzÑ�&±

âVÆÒ
ßãZ�x

±Å

âV
44+xx

±»
(44+xy)

±Å
(44+xx)

±»
(44+xy)

±Å
(44+xx)

!*\
44+xy

22+x 22+x

22
+x

22
+y

3 - 
^¹Í--.ç
IE

E

zZ+
(Discovery of the sex ÒßãZ�xÅ�gc*Ä

chromosomes)

(walter Y~zZßÒyZzgåé43ï XEHñgÌ 1956

äÃ¼-Eg;~ selton and thomas hunt morgons

(Drosophila melanogaster)(Fruit fly) Zq-gKí
~½h8}Ó454è

E

G
G

G drosophila Æ!*g}~_·HX
Å�gc*ÄtªCÙ�CìX�854ø EGE (Sex linked traits)

�zñizx6,0*ñYD�XZrVä ( G e n e s )

~ÂZg_Æ¿»-îg6,_·HX Drosophila

HW\Y��? !
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�ÛnÙ�Ã}Zyuc=gzVÃ3D�XZ¤/Ã}=gzVÃic*�{lZg~3D�ÂZyÅW!*�~
�gónìX

:W!*�~~pZ] 4-^
W�ëZßg]qwÆ!*g}~̈g�D�X

:1- ßg]qw
~Â6Æ�zgZyg8-~p0*c*�HXZkaucg8-ÆOñÜsZq-=g}»g8-!åX 1 ßg]qw

ucZzg!=g} 5-^
!g8-Æt=g}ZCg8-±~v�D�XZk§bZkÅå±!g8-Å�CìXÃ}Zy

!g8-Æ=gzVÃÄh-VÆ!êV6,ÇÐ�N70*DZkaÃ}Zy=gzVÃ73MhXp(,}

uc=gzVÃ/W�ãÐ�NMh�ZzgZ7ZK½Z¯s�X³Æîg6,!g8-Æ=gzVÅ®Z�~
Z��Zzguc=gzVÅ®Z�~¶�C�X

=gzV»g8-)!(~pZ7ucg8-Æ=gzVÅ/Úi0+{g�~ÆU*"$�ZX�zu}sV
~tLL�gCZN[óóB@*ìXëä�¬�ÃzVÅzzÐLL�gCZN[óó¿~Wc*X�VÃzVÅ®Z�~
Z���Âz;Vic*�{ucg8-Æ=g}ZyÅ½ZFÐXZzg!=gzVÅW!*�~~Z���ÇX

;¶»c
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Zk§b�gCZN[=gzVÅW!*�~ÆZg»YÅ�ªCÙ�@*ìXt=gzVÅW!*�~Ãâjw~4îg6,
g�Æa_�aZ�D�X

W�ë�zu~ßg]qw6,̈g�,ÐX
Zkßg]qw~Â6Æ�zgZyZyÅ±~g8-»pzZµ�ÇXpZk%³~Oñucóg8-Æ
=gzVÆYg8-Æ=g}0*ñYD�XYg8-Æ=g}ZK±~tg8-v�D�XZk
§bÐ±~ñ��Óx=g}Yg8-Æ�D�X
Ã}!g8-ÅÄh-VÆêV6,ñ��Yg8-Æ=gzVÃ/W�ã�NMh�XZzg�B��Bz{
ucg8-Æ=gzVÃÌ�NMh¸XÅ<å XEZÃ}YZzgucg8-�zâV=gzVÃ/W�ã3Mh�XYg8-
Æ=gzVÆai0+{g�»ñµ7åX6�!g8-Æ=gzVÆaxåX

:YZzguc=g} 6-^
:2- ßg]qw

Z�ZY~=gzVÅW!*�~~Yg8-Æ=g}ÁZzgucg8-Æ=g}ic*�{¸XZ[�V¦gÙ
�Äh-V~Zq-;¶Wc*ZzgFÄh-VÃgz0+eZÑXTÅzzÐF=g}¯]��X!*¹$g�zZá
=gzV~Yg8-Æ=gzVÅ®Z�ic*�{¶XZzg�z!*g{=gzVÅW!*�~�gó(,"ÐXpZy~ic*�{F,
Yg8-Æ=g}¸X�%ûq�U*]ÌËW!*�~ÅPS:]~p´VÑD�X6�ëY�
��tS:]854ø EGEÅzzÐ¸(̈�D�XÅ<å XEZgKW!*�-V~t854ø EGEÅ®Z�~p~ÑCìX�

¹Y@*ìX�W!*�~~àq»!*)̄áCìX (Genetic drift) �U�
W�Z[ëZq-Zzgßg]qw»Y,̂{fe�X

:3- ßg]qw

Zkßg]qw~=gzVÅW!*�~~Z���@*ìXpZe7-Zq-mCFg~Äh-VÃOW,�Cì
TÐí~½Zðâ�}n{�YD�XZzgÁ½ZÅ�ø7!Ð=gzVÃo�&k~½Z�ÛZë7�CX

:**³́bzZá=g} 7-^

¥ÅF,¹ÆaÓ#Ö»jzZ+Ð±J- - ÂZg_
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(Genetic Zka=g}**³´t»Dg�YD�X=gzV»ziyÁ��HpZyÆHºCâ�}
~Ãðp~zZµ7�CìXP�ßV�z{mCFg~»�YCìXMêVÆ (DNA)material)

�BÄhc*V�z!*g{¡q�YCìX
=gzVÅqª(Æ!*g}~W\»Hìwì? m

Zq-ºmÂ6~ (germ cells) ëtW�`��ÒÂ6Z�x�¶zZàW!*�~Æ$�§ö
EE

7Í/õ

E

G

~Ãðp~7 DNA !*Ä~»g�D�XZ¤/Ã�ÉÅzzÐ=gzV»ziyÁ�@*ìÂ$�§ö
EE

úVÆ
�CXÅ<å XEZÁziyz�7�@*�Ã�¿=g}Å±~v�XZkaÃ�ÉÅzzÐZ¤/P=gzVÆ
ziy~¶�YCìXÂz{Zg»YÅVw7ìXYètp~YV~v7�CìX)Â6~!*:V~

~7*gCìZkaË�Û�Å²�§]Æ�zgZyz̧q5+k,zZu]ZkÅ± DNA p~$�§ö
EE

úVÆ
~v7�DZzg:�Zg»YÃgZ{�ï�X

(1774-1829) :å!*&4iï FHHÓgu (Lamarckism) ÓguZix 8.6

iâ:�*~ßÍV»tZ�yå�i}6,ñ��ÓxY0+Zg~Ãðp~zZµ7�ðX
(theory z{ª¿åTäÃtZg»Y (Jean baptist lamarck) å!*&4iï FHHÓgu

7HXZkä�c*�Ëiâä~jgZsÅ�#ÖCÙyÅ�#Ö of evoulation)

Æ)z~¶Xi}6,½ZÅ°x�ø7!Zzg�g½V6,¬ÕVÐ½ZqÝ�Dg�Åzz
ÐjgZsZK¤/�âVÃZz6,Å§snÑzqHXFYVÆ�jgZsÅ¤/�yÑÑ�C
�XZ+S:]�ËY0+ZgÆ²�§]Æ�zgZy%0*C�ZÐLLZõ!S:]óó
¹Y@*ìXÓguä¹�tZõ!S:]ZyÅâ&±ªZ�±~v�D�X

¹Y@*ìÔ} (Inheritance of acquired characters) �Zõ!S:]ÅÃ
jgZs~Z��ZgbZzg¤/�yÆîw~Z��X

äa�V6,�!*]Z�x�ï�ñ (Augustus weisman) pW±h4ø
Y
H

zZm,}
ZkÃtÃY�XZkäz~a�VÅ�x»^�~XZkäx@{H�ZyÅ±~�xzZá

YVJ-Zk�/Ã�CÙZ@*g;XZkÆ!*z��a�VÅCÙ± (22) aìaZ�ñXZkä!*K
~**gï�xzZáaì�aZ�DgìX

8 - ^
å!*&4iï FHHÓgu

(1774-1829)

:jgZs 9 - ^
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ZkätU*"$H�Kãp´VâV!*\ÐZzÑ�c*±~v7�'X
(1809 - 1882) :egÖeZgzy (Darwinism) eZgzyZix 8.7

Ã7 (Natural Selection) egÖeZg�zyäZg»YÆ�gÃbLL�gCZN[óó
�w»åÂZkä¬@Y,̂{ 22 ZÖ~aZ�ZXZ#t (1809-1882) HXegÖegZzZy
~0*õ�wJ-^HZkäøw HMS Beagle (World Survey ship)É

(Fauna) Zzg³Z6 (Flora) b%Z],FZq-£â]»�zg{HXZkäz;Vm� Galapagos

»Ngx@{HXZkä¹�g~¥â]ZzgØZ@Z�òX
b%Z],~4,�OmgppzZá6,0+zVÆZq-¤/z\»x@{H� Galapagos eZgzyä

»x@{ÙX¾§b 11 BD�XÔ̂ Finch birds ZK�|#~àq»ZÖg�gì¸Xt6,0+}

(Principles Åè�ðÂ[ZßwZgM] (Sir Chrales Lyell) aõZyÅæ��CìXuegÖÑL
Ðz{¹OW,åXZkä¹�ZgMCp´V7VÑb~zZµ�CìXeZgzyZkÅ of Geolgoy)

@*G7HX

:6,0+zVÅaTZzg½Zð¬�Z]óeZgzyÆ¢-÷
E
E
F 11 -^

ZkäCkH�gKp=VÆ¦�äÐ(,~p´VzZµ�C�XeZgzy�gâÊ-£4ø
G

GÃt
ÐOW,åXtZßwW!*�~6,Zq-*y~è�¶XâÊ-�ø

G

äx@{H�W!*�~ (Malthus theory)

~%0*CìX²½Zðz�b°�~Z0+Ziª (1,2,4,8,16...) c*ææ~Z0+Zi progression ææ~
~%0*D�X (1,2,3,4,5,......)(Arithmetic progression)

Ã7HXª (Theory of natural selection) Zk¦gÅãC�6,eZgzyäÃt�gCZN[
 �g]�Üst�/õJ�Cì�Ã̈KY0+Zg�g]~i0+{gLìXZzgÃ̈Khuc*¯]�@*ìXZk»È

ìXÆZz�sÆqïZ�xÅ�YgSìXZ¤/Zz�sËY0+ZgÆa (survival of fittest) �ñZ*
Æ7�XÂâjwÐtY0+Zḡ]c*®��YD�X

¥ÅF,¹ÆaÓ#Ö»jzZ+Ð±J- - ÂZg_

:egÖeZgzy 10 - ^
(1809 - 1882)
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WiZ�:îg6,t³Z~.H��gCZN[].h+ZâZq (Alfred Russel Wallace) WÁi+gzZ:
ÆZg»Y~çzy�@*ìX}ëä�¬�uc=g}ÃzVÅÃ~Z̧zgZé½Z�W¸XZ]Í/õGâjwÐ
uc=gzVÅW!*�~�gó®�c*+Y�C�XpZÏZzY!=g}�Äh-VÆ!êV6,¸z{ÃîVÅ
ÃzVÐZzÍ¸XZka!=g}âjw~i0+{g{nXZzgZyÅW!*�~pgó(,"ÐXt¼Zzg7É

ìX (Natural Selection) LL�gCZN[óó

ËY0+ZgÆaÆpZ]!*¹gT�Zzg�Æ7�Dz{ÅYD�XZ#ËW!*�~~�YÆ
aÃÒ�CìÜsñizVY0+Zg�i0+{g{YìX�g]ÜsÆpZ]Å@*G�CìXCÙâqM®Z�

ÆaZzg�zu~ZâZqÐÌ (mating) ~ZK±Ã(,JäÅ&¢AgBbìXt½Zó(ZzgWÛ
(Survival of the )�gnp�X�YÅtÃÒ~ÜsñizVY0+Zg�i0+{g{YìXZkÃ�ñZ*

¹Y@*ìîs²�*gäÆ�5ZâZqÆz��~WäÆatgZ{ûZg�@*ìX fittest)

W\ZLZ§ZszZ)s~ÜsPâ&ZzgPYâgzVÆ�VÃi0+{�Ù�XèÃg{!*ÑVßVÅ
ãC�6,W\Å)®)~cÙ@*�ñizV�Û�Å�YÃ4îg6,�ÃX

egZzy»ÃtZg»&éJ"gÆ�B: .8.7.1

Ë�tÅZq-W!*�~ÆË¤/z\~pZ]%�Zg�D�Â¤/z\ÆÓxZ�ÛZ�~7V7�MhX X1

ÂZg_Æfg=pZ]zZ+Ð±~v�D�? X2

ËW!*�~Æ"ÑgZ�ÛZ�~¡~ZN[»¿ZyÅ�Æax4»gZ3aZ�@*ìX X3

Z,Y0+ZgT~pZ]ZyÅ�YZzgÂ6~çzy�¹ic*�{�âVJ-!*¹gT�Zzgic*�{aaZ X4

�D�X/ÚZy�-VÆX~ÁÎ�qS:]0*ðYC�X
i0+{g�zZáY0+ZgzVÆâ&aÆpZ]ÃñgzOîg6,v�fe�XZzg§̧i5±Æa X5

Zkz�ÜJ-ZCc*Y@*ìXZ#J-�pZ]¬xS:]~ps:�YNX

Ëk~�znÅCÙyñ���Zy~ÐZq-CÙy¹!�zhCìX²�zu~CÙy«CÙyÅ§bZâ!~
Ð�zh7$ËìèZzg@ZK½ZÆaCÙy»Dg�D�X¦gÙ�ÃyÏCÙyk~i0+{c*!*¹g{$ËìXZzgÃ́
CÙyÅW!*�~®��YCì?ZzgYV?

zZ+Ð±J- - ÂZg_¥ÅF,¹ÆaÓ#Ö»j

Î8/õ FGZzgn�!ìwÙ
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âjwÆ$+%ÐZk´ºÆY0+Zg].h+qÑ]ÆaZLZ0+g_�aZ�fe�X X6

Zq-îsz9Æ�Y0+ZgÅâqFnÅp=VÃ¦�gìX�5âq~ps�YCìX�ZÝ X7

ZâZqÐ!*ÇZ�CìXi}6,ÓxZâZq»Zg»YZÏ§b�@*ìX
Zg»YZq-NZzgÚ¿ìX X8

(Synthetic egZzyÆÃt~FÕ÷ZzgZ�Z�]�XFZq-].h+Ãc*]�@*dÃt
z){Ì7G�X (mutation theory) pàÃt theory)

:Speciation ZâZÎ 8.8

5ZâZq¾§bz��~WC�?
ëäZâZqÅW!*�~~pZ]�¬�Y0+ZgZyZz�sÆqï¸z{âjwÐ_�aZ�fe
�XtY0+Zg4îg6,i0+{g{Mh�Xpz�W!*�~~Z,Y0+Zg�)ÆZz�sÆqï¸Xz{âjwÐ
_�aZ:�nz{W×W×âjwÐ¸T$�D�6�ëZk!*[ÆZzZb~ëäucZzg!

(micro =gzVÅW!*�~~�¬ËZâZqÆZ0+gtgKÏp´V}=gzV»g8-ucZzg!z){y%�Zg»Y
BCìX evolution)

ë (Speciation) 5ZâZq¾§bz��~WD�Z[ëZkÐ0W�,ÐXZkÃZâZÎ
Ì¹Y@*ìX (Macro evolution) �XZÐ¯VZg»Y

ëä�¬�ucZzg!g8-Æ=g}Zq-�zu}Ðfv�Æ±a�Mh�Xpët¦g�,
Ð�ËzzÐtucZzg!=g}´u{�`�X
¥ÅF,¹ÆaÓ#Ö»jzZ+Ð±J- - ÂZg_

egÖeZgzyZzgZÁi+gz&Ó4ø GGÆ7VìÑ]
Z#egÖeZgzZyZLf�~ÃtZg»YÆ!*g}~Îag;åÂZÐZÁi+

äZ&+zkYb%Z],~ZL gz&Ó4ø GG»Zq-WgçÆ�B��ZZq-âñßw�Z�Zk
Ð0åXeZgzy (Natural Selection) _·Æ!*g}~�XWgç�gCZN[

7VZÁi+gz&Ó4ø GGÃtÆ!*g}~ª]ZzgÀCkHX�~ZÏ�wegÖ
(Journal of Linnaean Society) egZzyZzgZÁi+gz&Ó4ø GGä%̀9Ws�Î�ÌÆ

Ð0��îg6,Zq-Wgç�áù��c*XZkÆ (natural selection) ~�gCZN[
�áù (The Origin of Species) Y~eZgzyäZK�gÂ[Zg»YZâZq 1859�

�zZðX¾qwZk�gÂ[6,Zkz�ÜWÅ�XYèpZ]ÅÃÃzZã7H�HåX83�ö
E

G�Zzgô�Å�gc*Ä
Æ�ZkÃ4îg6,��HX

ZÁgi+gz&Ó4ø GG

HW\Y��? !
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)VwÆîg6,±ðO}Z73äÆ�zgZy�zg�gZi£â]6,¤/Z�ï�(¹îs²�J-z{z;Vg{YD
�XZk²�~ucZzg!=gVÅW!*�~~F$�.ç GE�GZ]zZµ�Mh�XZ¤/85Âî FGz{Z·¹îg6,W:~ïYD
�Âz{±Ã(,JäÆafv»¿7�MhXz{Üsucc*!W!*�~=gzVÐ�fv»¿�Mh�
ZzgZm±�aZ�Mh�ZÏ§b5ZâZqz��~WCìX

:(Evidences of Evolution) Zg»YÆØZ@ 8.9

Z�x»Zg»Y¾§b¿~Wc*?�0ZV�¼ÌÃc*]7�D�XZkÆaZ7ØZZ+7�**
¢zg~�@*ìXW�Z[ëPZq-»_·�D�X

:(Homologous and analogous organs) ëF,0ÌZ¡IYZzg�vF,0ÌZ¡IY 8.9.1

Z#ëZg»ð©]ÃKÅÃÒ�D�Âëøg}6,ÅV~PZz�sÃ�u0*D�Xt
Zz�sZY0+ZgzV~xË�D�XYèt��6,ÅVÐv�D�XzdTÆZ�

()¾äzZÑ(ÆegÆ6,)QhäzZÑ(èÆc)�zhäzZÑ(
9�
A�5å
F
FEgÆl)Å�ä Flipper �Zgb)

zZÑ(ZzgW�òÆ;B)ñäÆa(Z0+gzãx@{�,ÐÂA-VÅF,KM~��:0*NÐX!*z��
ZkÆ�ZyÅÛzã:ZzgZdwZ�D�XtZk!*]»Z�ág{ì�ÓxL~Y0+ZgÜsZq-�].Zd

(Divergent Ðz��~Wñ�ZzgZyZ¡IYÃëF,0ÌZ¡IY¹Y@*ìXZkn»Zg»Y»`Zg»Y
B@*ìXpÓxZ¡IY~x¹»�u Evolution)

0*c*Y**¢zg~7ì6,0+zVZzgÆegÆ6,Æ!*g}~ëH
�¶6,0+}ZzgÆeg~ 12 Î!�?VwÆîg6,)^

!*iz�D�Xp*c*VZzg/V~t70*ñYDZk
a6,0+}ZzgÆeg/Ú*-VZzg8-�¹Ò3ð FF

GVÆ¹�ÛR
mgnp�X
ZkÐI�ëZ!xÃqW�6,0+zVZzg�Z]Æ
6,zV»Ngx@{�,ÐXZ#ëZk»x@{�,ÐÂ¥x
�Ç��Z]~ÛzãeJ�ÆiZZ+}ñ���D��
Z7Zhä~æ��D�X

gzdèZK̈y eÆ

zZ+Ð±J- - ÂZg_¥ÅF,¹ÆaÓ#Ö»j
:ëF,0ÌZ¡IY 12-^
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p6,0+zVÆ!*iz6,zVÐer�D�X�zâVÆ!*iz»em,ZíóZyÅ�|#ZzgZyÆZb%ZY
Z�D�XtxËÃWD�?YèZy»�uZEwZhäÆaHY@*ìXpZyÅ

S:])Ï(0*ðYC�X6�èÃg{!*Ñ (analogous) z̧q�u7ìXt)F,0Ì
Z¡IY��!Z±gÐZpZdw~x/�D�XÎ)F,0ÌZ¡IY¹Y@*ì�XZk

B@*ìX (Convergent evolution) ¾g[Zg»Y §b»Zg»Y

:(Evidences from embryology) 74545é E
E
G
E
G]Æfg=ØZ@ 8.9.2

W�ëL-V~<Æ%ÆZæZg`»x@{�,ÐXZy~�tz�ÛtÅ¶K0+��äÅ
ÃÒÙXZzgW\Æ�z2VÐWÙX

¹Y@* (Embryology) <ZzgZkÆ%Æ_·Ã74545é EEGEG]

�uÐic*�{TÐ�tg�r (Tadpole) ìX�u»¨²@îF
ìXt¾!*]ÃªCÙ�@*ì?HtZk!*]»Z�ág{ì��uTÐ
z��~Wc*ì?

TÐZK̈yJ-ZY0+ZgzVÆ<~zZã�&Ò54è
IG

G0*ð
YC�Xt�tZâ�ÛR�Cì�Z�Zð%µ~Zq-âCÙ74545é EEGEG]

ÌZq-<Ð�zu}<~�Ût�ä (Embryolog is t )

~ÂCk�@*ìt¾!*]ÃªCÙ�@*ìXHtZk!*]ÃªCÙ�@*ì�CÙY0+Zg»�zg§]ZLW!*zZ].Z�Å
�!S:]»ZÖg�@*ì?tÃtZq-�uW!*�zZ].Z�Æz��ÆZ�kÃL�@*ì�VÐ�tÓx
Y0+Zgz��~Wñ�X

Æfg=ØZ@: (Fossils) g»i 8.9.3

ëY���PZâZq��w�.Þñ���pZ[z{!*¹7g�Xtnzx�`�c*Zy~Ð
Pg»iÅ̂~0*ñYD�X}ëY���F�wIeZ"�gYâgi}6,ñ��p̧W`z{nzx
�Xp�0ZâVÃeZÅ�g�YâgÅñ��ÏÆØZ@g»iÅ̂~A�X

¥ÅF,¹ÆaÓ#Ö»jzZ+Ð±J- - ÂZg_

�Z]»6,

6,0+}»6,
)F,0ÌZ¡IY

:
74545é E
E
G
E
GCØZ@ 13-^

ZK̈yy%ÍlÇñòk,%©ÃZ81¹Ð
ö
FFT
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ÐH%Z�ì? (Fossiles) !*ª]c*g»i
g»i�gZÝz{�*Z�xc*#ÆØZ@���gCîg6,ôp�a�Xg»i~ØZ@»�

Z0+ZiÐ0*ãZzg.~èÅqVÆnôp�{!*ª]�Xt|~i0+{Z�xÅ!*ª]
�Ac*Vc*Õ@c**¸zZu]Å´��eZÅ�gkÆ�ñVÆ¶KâVóâI@*gõ�́
)gzV6,ñ�VÆ¶K**]z){�D�X¬xîg6,Z#Z�x̄]�YD�ÂZyÆ�

¹��¸T$�YD�X�Zz�]å�c*Zn¼{åîg6,¹7�DX}Zq-%�{QZZ¤/è
c*A~úY@*ìÂt¢~¹7�@*XZzgZk6,¦�{èJ�CYCìZzgQ}ÆKã�V
ÃZÏ§b�ìgBbìXi0+{Z�xÆôp�{!*ª]g»iBD�X

âCÙZgM]g»iÅ/CMh�Xg»i»_·g»ic*]
(B@*ìXâCÙ+g»i»gµçz�ÜÆ Palaeontology)

§jÃZEw�D�ñg»iÅ/»ØÎD�XPÁÜ
�»g0ó-gZ4óZzg7N*ôz){Æ@*�g6+Cé XEZq-¥xÑbÆ
_.¹�D�XOçÃð"yc*6+Cé XEgppzZán*]Å
/C[²-CéGE$ËìX

@*�g6+Cé XEZzg»g0@*gõeðÆ§hVÐ0¥â]Z�ÙXZzgW\ÆyÆ�BW m

ÙXÑ$k,~ÐñZ�qÝÙXW\ZyÓxÃ#{)®)~úöÙX

(Æ Ketosaurs ��wIÆZ�ZðÞZ�²�ÐmgppzZáeZ"�gk��gk) 160

¢aìXtg»iÃ 5 ¢aZzg� 14 �Ng»iË:ÆI¬�wW!*�Æ'.5é GE-ÐZ�G�XZkg»i»îw
©gW!*�Æ!Z*',Ñ�bWn~ôp��c*�HX

:g»i 14-^

:ee�gk 15 - ^

zZ+Ð±J- - ÂZg_¥ÅF,¹ÆaÓ#Ö»j 198
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(g{i}6,ZK̈ã:ZzgS:]~Zq-xàq0*c*Y@*ìXZkaßvîs²�
J-ZK̈ã±Ð0W�DgìXZy**x.�YVÅÙ|#Æa¢»g8-Zq-
¬x§i»gåXP({ÃxóPCÃxóZzgPnòg8-ÆBñYD¸XF²�J-
Zkñçq6,W�Cg�X�Wc*tªCÙ~îg6,�ÑCå{¤/z:Zîg6,z��~Wñ�qD
²�~ZkÆzZãØZ@ï`�Zk»�Z[tì�ZK̈ãYVÆ¦gÆaÃð
§CãC�7ìXÓxZK̈yZLzZu].ZdÅzZu±zâqÐmgnp�X

¸7Éë�VF��Vpë�&»mW�ÛiÐìZK̈ãZâZq�
ñ�ÀÆZ�ZðZg»yÅñ��Ï»ZÏ´�~ØÎc*�HøgZ854-ö EEGEÅ6,.$W�Ûj
´ºÅ§s�¶K0+��D�XDÙZgzV�wIøg}PW!*�zZ].Z�W�Ûigh
�ØXZzgPz�g{�X

¥ÅF,¹ÆaÓ#Ö»jzZ+Ð±J- - ÂZg_

Å¦k,�¶XHtZq-6,0+} (Archeopteryx) WgScð¾
Ð�tg�rì?c*�Zx?c*�zâVÐ?Z(Y0+ZgT~�zZ¤/z:Å

¹Y@*ìX (connecting link) S:]0*ðYC�XZ£à�/~
~PS:]6,0+zVÅZzgPS:]�ZxÅ�C�X Archeopteryx

Æîg (Connecting link) Å<å XEZZyÅ6,0+zVZzg�ZxÆ�gxyZ£à�/~
6,Ù|#Å�X

WgScð¾ :16-^
(Archeopteryx)

&4-�5½
ø

F
G
G

G eZÇ
&4-�5½

ø

F
G
G

G
gZâ
&4-�5½

ø

F
G
G

G W7zß

 �ñ;"5Òø EG

 �ñZk,�

�ñ&45å EGEHgåÅ54mø G
E

�zxkHy

 �ñ_5454ø GFG
E

 )].h+ZK̈y(

(Human evolution) ZK̈ãZg»Y
ZK̈ãZg»Yz{Zg»ð§iì�].h+�zgÆZK̈yÆ¼gJ-øg~gÉð�@*ì7�zVZzg�vY0+ZgzVÅ§bë�

DÙZg�wI�Z 50 ÑÄ 7 ñ��{�zgÆÓxZK̈âVÅÌ7�zVZzg�v³Z**]Å§bZq-Zg»ð@*gõìXZ�ZðZK̈y»¼g
DÙZg 50 ÑÄ 2 »ªDg»iÐØ¸ì�Zq-¬^»ZK̈yi}6, (Homo sapiens) åXøg~ZKâq�ñ]454è GFGE

�wI%�Zg�ZåX
��wIåX 1.6-2.5 »z�� (Homo habilus) �ñ;"5Òø EG /

- ��wIå 1-1.8 »z�� (Homo erectus) �ñZg� /

DÙZgzV�wIgLåX 1,00,000 - 40,000 (Homo sapiens neanderthalensis) �ñ_5454ø GFG
E

&45å
E
G
EH

gåÅ54mø G
E

/

DÙZg�wIz��~Wc*X 10(Home sapien) ñ��{ZK̈y /

HW\Y��? !

HW\Y��? !
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ZzgÓxW�Ûi~��Xt'%̀+W�ÛiÐZ¨YJ-W×W×��tZ&+zlOðb%Z],Ð
Ã0*gHZzgZ%MJ-�Xt Bering land bridge ³¡Ò54ø

E

F
EóW7´óJ-�̂D�ñÛ8-É45å EGH>Þ

zZuâ~c*�~7̂KZzgLZrVäÜs(s#Æa7̂HXtL¤/z\Å̂~WÐZzg
L´u{îg6,WÐZzgú(,_�X�VJ-�tW�ÛiÆZ0+gZzg!*CÙÌ�RgìX(g{6,ñ��Óx

ZâZqÅ§btZg»ðq�XÆîg6,z��~WñZzgAe�n4+i0+Ï*ZgäÅÃÒ�DgìX
�*ZK̈yZq-£xÐ¾§bZzgYV�̂D?̧Î8/õ FG? m

:(Human being - a moving museum) ZK̈yXZq-$ñi* 8.11

Zg»ð%ÖVÆ�zgZyY0+ZgzV~PZ¡IYz,�!*¹g{`�XW\;
t+
ö

E

Âx~çðiZG{
Æ07,|`�XZK̈âVÆNÂx~Zk»Ãð��Zg7�@*Xpy%Íl�m]pg (appendix)

(Vestigial Y0+Zg~tZq-ZëgzwZ�Z�CìXZknÆZ¡IY�Yâg~»gWæ7�DZ7�o-öEZ¡IY
¹Y@*ìX�Zz�]ZK̈âV~)áµîg6,�o-öEZ¡I%�Zg�D�Xt¿LLñgzOóó Organs)

X(baby with tail) B@*ìX}ZK̈y~�xzZÑ^ (Atavism) S:]»!*g!*gz̧q5+k,�**6,3á
¢6,!*wóZzg%�zV Pinna

�o-
ö

E

Z¡IY0*ñYD�XVwÆîg6,Ûzã»y 180 ZK̈âV~½ã
~¬îâ~¼z�z){XZÏaZK̈âVÃ�o-öEZ¡IY»$ñi*¹Y@*ìX

pZ]ó±óÏóªCÙgz\óHºCgz\ó�v&Xóë&XóWiZ�Z:́uÏóI�aóÂZg_óò~
ßãZ�xóÒßãZ�xó�gCZN[óëF,0ÌZ¡IYó854-ö EEGEØZ@óZK̈ãZg»YX

Z�xÆ�ÛRmgppzZá¤/z:~pZ]ÜsªCÙ~�D�X m

~ZkX6,»x 1857 pZ]¾§bZq-±Ð�zu~±J-v�D�XYy¤/v�wä m

�**ÑzqHX

zZ+Ð±J- - ÂZg_¥ÅF,¹ÆaÓ#Ö»j

ã~ZÖp

ëäH5
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¥ÅF,¹ÆaÓ#Ö»jzZ+Ð±J- - ÂZg_

�wä�]ºtS:]�Yw»g8-óZk»Yñz̧qóÕ@»g8-ó�|#ó^»g8-ó^Å�|#ó�»îwÃÉHX m

±~Óx�V»g8-ig�åX F1 Zq-z%Z%o�/~ m

ÅÚ, 3:1 !g8-ÆqÝ�ñXZkÃªCÙgz\ë�XZzgt 25% Õ@fg�Zzg½ã 75% ±~½ã F2 m

0*ñYD�X
ig�Õ@){ØZ̧y~!g8-»¬ï&I�D¦[qª( 50% {Øig�Õ@zg 25% ig��V~ 75% ±~ F2 m

1:2:1 !{Ø!Õ@¸X 25% ~0*c*Y@*åZk
¹Y@*ìX allele æÆCÙ7�}~�zúZï0*ñYD��ºmS¤Æf)�Zg�D�XÎI�ac* m

(Law of Independent S:]ÆCÙ�hÆúZï�v�hÆ�BWiZ��ÑCå{�D�XZÐWiZ�:�ÑCåÏ»ç m

¹Y@*ìX Assortment)

ig�Zzg!g8-Æ�VÆfvÐÓxfg�g8-ÆÕ@qÝ�D�XZka�ig�g8-Zq-¸(̈¬ïìX m

zZ+~CÙZq-ZKS¤Æ�zI�CVÐÜsZq-I�D"�°{ZN[Æfg=ZKZzÑ�~v�@*ìX m

B@*ìX (Heredity) zZ+ÐÐVc*S:]»qÝ�**ÂZg_ m

ZzgZq-�hÒßãZ�x (Autosomes) òßãZ�x 22 �h�zñizx0*ñYD�Zy~ 23 CÙZK̈ã7Í/õ EG~ m

0*ñYD�X (Allosomes)

Óguä¹�Zõ!S:]Z�±Æâ&zV~v�C�X m

CÙâqM®Z�~â&±ÃaZ�CìpZy~ÐP�i0+{g{0*D�X m

ëF,0ÌZzg)F,0ÌZ¡IZzg854-ö E
E

G
EØZ@Zg»ð©]ÃzZã�D�X m

PÏx/�C�YètZq-zZuW!*zzZ].Z�ÐñgzOîg6,v�D�X m

g»i�*i0+Ïc*�*#Æ%âVÆØZ@�D���gC¿Æfg)ôpGYD�X m

(AS1) pZ]ÐH%Z�ì?tY0+ZgzVÆa¾§bæ�Çg�D�? X1
hË§b F2 Zzg F1 7�zVÐfv�zZ**eLìXZm (tt) Ã-�zZá (TT) ¤(̈D)[(îs�zZá7�zV X2

(AS1) �VÏ?ÒyÙ?
Zq-[äzZ+a�VÅ�xÃ»N*X±~Ã́¹0*ðYñÏª�ºaì~�xñ��gìÏc*7?W\Æ�ÑbÒy X3

(AS1) Ù?

ZLZõ[Ã�Ûzr�Ø
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Zq-WxÆ!*r~�yäZq-�g|#6,Fg~Ð½}WxÅM®Z�@ZzgZq-�zu}�g|#»x@{ÌHT6,Fg~Ð X4

0*uÁlZg~WxÑ�ñ¸Xp�yÅpZét¶�WñVÅ®Z�ic*�{�pz{Fg~ÐÞZ�VH�yÃZ,7�zVÃ
(AS1) aZ�**eì?HW\z�s#�Mh��t¾§beì?

(AS1) Zq-�o�/ÃZq-VwÆfg=z�s#ÙXÂZg_ÆÃµ®Í/õGÃë�Mh�?zZãÙ? X5

(AS1) WiZ�Z:�ÑCåÏ»çHì?Zq-VwÆfg=��? X6

(AS1) ZK̈âV~�¾§b�@*ì?VwÆfg=��? X7

(AS1) eZgzyÆZg»ðÃbLL�gCZN[óóÃZq-VwÆfg=ÒyÙ? X8

(AS1) pZ]ÐH%Z�ì?Zq-ñizVVwÆfg=��? X9

(AS1) ÇñÅZâZq~¬xîg6,W\ÃµpZ]»x@{�D�? X10

(AS1) æÆ7�zV6,�!*]Æa�wäÃ́S:]ÃÉH? X11

(AS1) ��X F2 �wäÂ¹»¾§bZEwHXZq-VwÆfg= X12

(AS1) �wäzZ+Zzg±Æ�gxyÃyÃµ�ÛtÅ¶K0+�Å? X13

(AS1) �Ø? aÅ854ø EGE»ç�äÆa3,f)�Zg�@*ìXHW\ZkÐ5�?Z¤/;V�ÂZq-jeĝÆfg=W\Æ�Z[ X14

(AS1) )F,0ÌZ¡IY6,Zq-¿â^ÉÀ£4/õ JGX X15

(AS2) �0ZVg»iÐ0¥â]Ð¾§bZ.�{�D�? X16

(AS2) �wäZL�!*]ÆaæÆ7�}ÃÉHXW\Æìw~ZmHz�;]�$Ë�? X17

(AS4) Z¤/ÓguÅ7��{ÃtZõ!S:]ÅÃ9¶Â�*¾§b�Y5X X18

(AS4) W\Æ{0+ZyÆZg»y~ñgzOÐVÐ0¥â]Z�ÙZzgZk6,Zq-â^sX X19

ZëÅ�¥â]Åæ�ÐZg»ðØZ@6,W\»û{ÉÀ£4/õGJX¬îEV~eg�Zgb�D��6,0+zVó�ZxZzgV(£Ò3ð
G

GV~Ì0*ñ �Û X20

(AS4) �X YD��ZgbÅãC�~�|#Zq-�äÆ!*z��tZZdwÅZ�x��ÆaZq-Z0+g_�aZ�fe
Ð0¥â]Z�ÙXW\Æ¢]ÆyÆ�BW (Carbondating method) »gµ§içz�Ü X21

(AS4) ÙX
(AS5) WiZ�:́uÏÆçÃCäÆaZq-jeĝó61geZ@*g�ZzgÚ�&ÃÒyÙ X22

(AS5) 61geÅæ�Ð�wÆZq-�o�/ÃKÆ§jÃÒyÙ? X23

(AS5) âI�zgÐZK̈ãZg»YÃCäzZÑeg^»gÙX X24
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¥ÅF,¹ÆaÓ#Ö»jzZ+Ð±J- - ÂZg_

(AS6) �g]ÜsIh+{S:]Ã�É�CìXZÏ�|#ÆaZq-»gIy»gÙX X25

�ñZ*Ð0W\Æ¥â]H�?Z+ßg]qwc*ìßV»E+�{ÙT»ZLZ§ZszZ)s~W\ä X26

(AS7) x@{H�?
(AS7) s? (Monologue) p�̄ò W\ÆZjw~Àe}Æñµ6,egZ)�äÆaZg»Y6,Zq- X27

B@*ìX ___________ p~ÃqÝ�ä»¿ X1

Æa�X ___________ �wÆ�!*] X2

�______ WiZ�Z:́uÏÆç6,Z�x�Ø��!*]~x@{K�egS:] X3

�CZVg8-Æ ___________ Z¤/ëucYwzZá7�}ÃCYwÆ7�}ÐZ%o�zZNÐÂ� X4

7�}qÝ�VÐX
¹Y@*ìX ___________ �S:]Æf)�Zg�Z7 Yyc*YYóTtc*TT X5

___________ �hò~ßãZ�xZzg ___________ �wÅ/~ 18 �hßãZ�xÆ�Bâ&±Å~ 23 X6

@ßãZ�x0*ñYD�X
Z0+Zi~(,_�Õ� ___________ Z0+Zi~Zzg½Zðz�b ___________ W!*�~ X7

ÃªCÙ�@*ìX _________ Zq-�~�4§jÐ$̂Ëìic*�{�âVJ-i0+{7g{$ËXeZgzyÆ_.6, X8

ZEw~WD�X ___________ zdÆZ��Zgb¾äÆaZzg�h}Æat X9

B@*ìX ___________ g»i»_· X10

( ) �[Æ7�}~�g`fs~Ã̈KpÃªCÙ7�@*X X1

êVÆqLg (d (Tendrils) âezg} (c »� (b g37�} (a

( ) ~�g`fsS¤0*ðYCìX alleles �wÆ®Z# X2

¦[úZï (d izZ�VÅaZö (c S:]ÆÉ45åGGE)�Zg (b <Æ�h (a

( ) �gCZN[»È X3

�g]**Ih+{S:]Ã���Cì (b �g]Ih+{S:]É�Cì (a

b Zzg a (d �g]Y0+ZgÐ¬ï�Cì (c

( ) ZkÆ0»x�D� (Palaeontologist) âCÙg»ic*] X4

Zz6,ÆÓx (d
�o-
ö

E

Z¡IYÆØZ@ (c g»i~ØZ@ (b
854-
ö
E
E

G
EØZ@ (a

{à»VÃ6,Ù

9�Z[»ZN[Ù
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�w»WiZ�Z:�ÑCåÏ»ç
:Mendel's Law of Independent Assortment

Z[J-ëäZq-�ïZ%oÆfg=�wÆGz26,
I�HX�wäZq-�B�z�hS:]ÃKÅÃÒÅXZk

(YY) ~zZ+~Ïfg� (Dihybrid cross) �zz%Z%o
0*ðYCìXtS:] (yy) ó! (rr) ZzgL~�Zg (RR) Íwc*Ù

±~WiZ�:îgc*CZVîg6,ªCÙ�D�X F2

�V�Ø�61ge»Ngx@{ÙZzg�zz%Z%oÆ³
Ã�g`ÙX Combination Æîg6,Z

RrYY X3 RRYy X2 RRYY X1

RrYY X6 RRYy X5 RrYy X4

ÍwZzgfg��D�X RrYy X9 RrYy X8 RrYy X7

ÍwZzg!�D�X Rryy X1 Rryy X2 RRyy X1

L~�ZgZzg!�D�X rryy X2

èÃg{!*Ñ}òÐt¥x�@*ì�CÙ¹c*S¤Æf)�ZgúZïizZ�V~WiZ�:0*ñYD�XZzgZK�á|#
¯ñgnp�XúZïZq-�zu}ÐWiZ��D�ZzgZ7ZK±~v�D�X)8©3ð EEGVÅ̂~(

Zq-Ðic*�{�hzZàS¤ÅÃ~CÙZq-�h�zu}�hÐWiZ�:îg6,�ÑCå{�@*ìZkÃ�w»WiZ�:�ÑCåÏ»
çë�

�w»t¢å�CÙS¤c*¹Zq-�húZïÆfg=Nzwc*f)�Zg�D�XúZï�Y0+ZgÅS:]Æ
BC (Allele) I�f »**x�c*�HìXåÅt�h~�S:]Åf)�Zg�CìX (Genes) f)�Zg�D�Z7Z[å

(0*ðYCìX Yyc*Rr (Zzg�zu~�v&Xn) YYc*RR ìX��a�znÆ�D�XZq-ë&Xn)

zZ+Ð±J- - ÂZg_¥ÅF,¹ÆaÓ#Ö»j

e
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CÙÃðp�ZLZ)sÆâjwÐl!WÇ{gLìXtW�Óx�ÇVÅ�Y~ZëgzwZ�Z�C
ìXË�t6,ZW,Z0+Zi�äzZá8Zzg§»CúZïøwZyÆ!*ë6ð·¶Ã

¹Y@*ìXY0+Zg��å!*bîg6,§Cz)§CúZïÆ�BZq-§b (Environments) âjw
ÂZiy�ìgppÅÃÒ�D�X�×Æ�B§C�{ÆÓxZb%ZñF,0Ì±§jÐ!*ë¿�D
�Xt·¶Ë��Å�YÅJ-$�@*ìX�§C�{~��Å�góZg»YÆ³~ªCÙ�@*
ìX8úZïÐ)§CúZï)i}ó�Zó0*ãóÎg`ÅgzÝz){(Zzg§»CúZïÐm�z³Z6%Z��X

B@*ìÔÃðZq-�tZkÅ¢zgc*]ÐëW}�äÆ (habitate) ���VgT�z{#
aÂZiyÐåîg6,£.ÞWgZ�YXtË:Ë§jÐÂZiy6,Zk§bZW,eZs��vyàä
zZá�tÅ�Yç{Åi�~gìÏX

W\ë)oVÆZòt~½ZðiîZzg½ZðYwÅæ�Ð
�ÇVZzgZé½ZÆÎ0*ñYäzZámÃ�`�X½Zð
iî,W:~%1ogS�ZzgZ#ëF½ZðiîzVÆ�gxy

Æîg6,�3ð�ê (Food web) Zgno»x@{�D�Ât½ZðYw
ìX6�W\Y��Ãð½ZðiîtªCÙ�Cì�Ë^<j-$
c*#~ÃyH3@*ìX

!*[
9

øgZâjw
Our Environment

:½Zðm 1 -  ^
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ËÜZs#��{iî~CÙ�/~)³Zy(ÆÖ@ñ��¾»¶Ky½Zpg&!��êÆa].zw1ÅY+$Z�ág{�@*ìX
Z¤/ëË½ZðiîÃ�î**eT��vkóy%Íl�,$Zzg]{6,��Âf���{�ÇV ½Zðiî:þ 9.1

Ã¾Æ¶KyÆfg=�hD�ñ½Zðiî»g�D�X
qgz!*Ñ�-V~¾»¶KyÎ�½Zðiî»gÙ? m

qgz!*Ñ½Zðiî~aZàÇyZzg�g@Æ**xs? m

Z0+ZiUe��W\Å»g��{½Zðiî~ZEw�{¾Æ¶Ky¾Y+$Z�ág{�D�X m

ZLZ§ZsâjwÐÁZiÁ�veg½ZðiîzVÅÙ|#ÙXZy½ZðiîzV~aZàzV m

ZzgZ%ÖVÆ�g@Æ**xsX
ZLZ)sÆâjwÐZ½ZðiîzVÃÙ|#�ä6,W\Ã¥x�Ç�9½Zðiî,.e$
¿�ZzgZk~oeg%ZiÐic*�{70*ñYDXW\tÌYy0*NÐ�Ë½Zðiî~aZ
à}Ð�g@)Z�ZðU*â~ZzgU*æ(µ3�çGs�V�V(,³ÐCÙ%µ6,�ÇVÅ®Z�nYñÏX

§CZb%ZYF,0Ì~¾§b»m0*c*Y@*ì?ËZq-âjàÂx~ÂZ**ðÐ½7g½ZZê)½Z(m
ÆZ±gÐaZàzVÐ�g@J-%³zZg*gCìX

VB
]{ f �,$ f �u f vkQ+~ f vk

�c* f ßæ~ f y%Íl f vk
ZK̈y f �~ f vk

9½Zðiî,¾aeg%ÖV6,�gS�? m

Z#ëaZà}ÐZ%ÖVÆ�g@J-(,_�Â�-VÅ®Z�¾anìX m

Ug{!*ÑÎZÑ]Æ�Z!*]qÝ�äÆa*¸)oV~c��{¼ZñgÃ�CÙZ**ecX
)®)ÛÆ!*[8~Òy��{LLZâjàÂxóó~f�H�Hå�ËâjàÂx~��i0+{g�
Æa½ZÐÂZ**ðZ~.�D�ZzgÎg`ÂZ**ð»ZÝÈzfg=ìX½ZðiîÐtªCÙ�@*ì�ÂZ**ð¾
§bZq-�tÐ�zu}��J-v�CìX

�(wZg] 90@*80 CÙZq-Ã6,[¿Zzg�vZdwÆ�zgZyaZ�äzZàÂZ**ð»Zq-(,ZÚ�&)
Æîg6,xz�ù�@*ìXOçË½ZðiîÆ&43ð GEGV%ÖV~ÂZ**ðÅ.e$¾lZggZÏÍ�&pg
Y0+ZgÆZEwÆaQÌ�ø7[gSìX

§C�{~F(,}âjàÂxzZµ�D�Xi�FâjàÂxic*�{F,̈ZzgâZ2ZÆÎ0*ñYä
zZàñ�qÑ]ÆpZ]Æ�ÛtÅãC�6,³KYD�XZÏ§bZ¤/W\ËNh6,m%Jð�D��

zZá 6,YNÂNhÆ�Zð~0*ñYä (kilimanjaro) Z�ÛiÆâZ2Zðz~zZµû»gz

aZà{ Z�Zð�gs U*â~�gs U*¬(�gs ZZÍ�&pg

øgZâjw

Îg`
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qg{!*gÙkÐ³ZkÅ�ZE',ÃãaKJ-W\Z�.Þ».Þâjà
ÂxÐgzÙk�VÐ

ZyâjàÂx»ç�äzZáZëñ�ZW,Z]ó!*gló�ZzgÎg`Å
gzÝÅ�ø7!�X}Í]»À�!*gl6,�ZgzæZg�@*ìXpZyÅ
Zlx�ZzggzÝÆik,ZW,�C�?¸Zßwg�âV6,ÑÍ�@*ìX�
Z,´̧V~0*�D��V!*gl.e$Á�CìX

p½ZðiîÅt�/c*VZâ��{ZzgÈSI7�6�Z�b
ÃÈ3,}Zzg!*^í (Aphid) iîz�s#�CìX}gzÄ�V

z�v�Z]Æ´z{�Z]pg6,0+ZK½Z¯D�?�zu~ (Warblers)

Y+$]{ZZlxÆ6,0+zVZzg¶¬îEVÃ�g½ZZEw�D
I (Food web) �XOçZkÆZÖgÆaZ�b½ZðYw

o�&�ÇYèZkã�/-VÅ®Z�¹ic*�{�CZzgZk|Ã¢�CìÀñ�Zq-ë{ZzgÎ�
Z»ðìXOçÎg`ÐqÝ�äzZàÇÂZ**ðZq-́ð%³Ð�zu}́ð%³J-�D�ñå
âjàÂx~�ìX

(»x@{�,�1$QÍ]~Z̀�äzZá�ÇVÆ�gxy0*ñYä 2- W�Zk{�)^
zZá́ð©]ÃªCÙ�@*ìZk{�ÐW\Ã¥x�Ç�Ë½ZðYw~³Z**]ºm£x6,�ñizV

¹Y@*ìXVwÆîg6,�Z]�gzÄ�,�êV»gka4�» (Niche) gT�XCÙ£xÃ*³ª(
X~ (Caterpiller) �v�Z]�Ugz\ (niche) Zq-*³ª(�@*ìXZÏ§b�zuZ*³ª(

êVÃÄäÆa¢o�}�D�ZzgZq-*³ª(×³Z**]�CÙyÆa�m]6,l%Zð�C
ì0*c*Y@*ì
èÃg{Óx³Z**]êVÃ½Z¯D�pt�#ÖZzg®Z�~ic*�{�D�XOçZ�bLL*

Ë½ZðYw~Ë³ZyÆ£xg;öZzgZkÅ½ZÃe@*ìÉZkÆ§ii0+ÏÃÌzZã�@* (niche) ³ª(
(niche) Ë³Zy»£xì�Vz{gLìóOç*³ª( (Habitat) ìX&Ò¹ÿ Ez,��j-$c*#

³ZyÆ&ÃÒy�@*ì�t¹VÐZzgùZKpgZuqÝ�@*ìX

Zq-Zzg*³ª(ÅVwÐ0ZLyÐI�ÙX m

:ZâjàÂx~½Zðiî, 2 -^
(Grassland) !{iZgk

@*Ñ[
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Food Web ½ZðYw 9.2

�g]~½Zðiî,��{Zzg¦ñâ~7�'z{ZÒZq-�zu}
Ða%~�ð�C�XYèCÙZq-ÂZ**ðÅRc*%µ6,�g@ÆZN[

(~ 3 Æn½ZÆF��wZDwñ��D��XVwÆîg6,)�̂
�,$�ÃVÔa�VZzggL6,0+zV»Dg�@*ìXÇZÏ§b�gk
�VZzg�ßVÃZCDg¯D�X
ZnË~½Zðiî,Z%ÖV6,�ác�Zg��!*ëa%YC�

¹Y@*ìX (Food web ZzgYwÜ�|#»g�C�&½ZðYw)
�b�½ZðYw»x@{ÙZzgZk~Ð�z½ZðiîzVÃ /

e{ÙX
(ecological pyramids) âj1CZCÙZxc*%zo 9.3

½ZðiîÆ´z{ZCÙZx&%zo�vZlxÅúÒ{ZDw��Zq-�t
Ð�zu}�t~ÂZ**ðÆ·îÃªCÙ�CìXW\äZCÙZx

Æ0��ÇXâCÙ+âj1]ÌZyZCÙZUÃtÃË½Zðiî~ñ�� (Pyramids of Egypts)^
(Trophic �-VÆ�gxymÆZÖgÆaZEw�D�XZ"gUëtÈMh��́ð%Zi
(Ecological »�!ZÖg�ZCÙZxÅ^Æfg=ËâjàÂxÅ�|#Ãe@*ìâj1CZCÙZx level)

(Charles ¹Y@*ìXZyâj1CZCÙZxÃ�&Ð¬',¤â~âCÙâj1]egÖZ&Ó4è GHE pyramids)

Y~�gs�zZc*Xâj1CZCÙZx~aZàzV)ª´ð%³(Ã�°{6,g3Y@*ìA$ 1927äElton)

â�́ð%Zi)Z�ZðU*â~ZzgU*¬(�g@(!*nKMZq-�zu}ÆZz6,gÇYD�T~ZdÍ�&
  (2) (Pyramids of biomass) §CS»ZCÙZx (1 pgZCÙZxÆgZk6,0*c*Y@*ìXZCÙZxÅ&Zlx:

0*ñYD�Zk (pyramids of energy) ÂZ**ð»ZCÙZx (3) z(Pyramid of number) °�~ZCÙZx
!*[~ë§CSÆZCÙZxZzg°�~ZCÙZxÆ0c�,ÐX

ZCÙZxz{�|#ìTÅ̂yÏsVÆZCÙZxÅ§b�CìXªZkÅÛzãR�Íã�CìZzgt
gZk6,Zq-zZuN6,KD�XZCÙZx»�°{�gqóc*MÍã^»�@*ìX%,úZCÙZxóT»�°{%,Zzgeg@ã
Ûzã+�C�Zq-¬xnìX

øgZâjw

½ZðYw 3 - ^

¥ÅF,¹ÆaÓ#Ö»j
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(Pyramid of Number) °�~ZCÙZx 9.3.1

FâCÙ+§»]:Üsi0+{�-VÆÎ0*ñYäzZá½Zð
©]Æ_·~�pgnp�Éz{ËiîÅCÙ�/~~�ÇVÅ
®Z�Æ».Þ~�pgnp�X�V½ZðiîÆCÙ%³6,ñ���ÇV
Å»©®Z�Æ(Æa½ZðYwÅZq-Vw�g`Å�ìX

».ÞÆaZ�q]�9óFó¼�óPóå[�ZEw�VX
Wc*®Z�ÆÎÃðmªCÙ�@*ì?Wc*Ãð».Þì�CÙ%³6,0*ñYä

ËZCÙZx~½ZðiîÆ zZá�-VÅ�#ÖÆ0HYn?
ÃªCÙ�CìX  ½Zðiî~CÙ%³6,÷Z�ÛZ�Å®Z�  �ÇVÃZDwÆfg=ªCÙHYYìX

�#Ö~Z���@*ì  Z£w6,À�  �g@J-CÙ�/~  ½Zðiî~¬%³Æ�g@ÐI
»x@{�,}Ë 5 W�^  p®Z�~¶zZµ�CìX

 M  .e$gK�C�XZzg  (aphids) k~gzÄ�,
®Z�~0*ðYC�XZy�îV6,*Zg{�äzZáÈ3,}úc*V

8ðE0zVÃ½Z¯D�8ðE0zVÐ(,}�D�XZzgÜsÁ îg6,�Zy
®Z�~0*ñYD�X�Z]pg*.çFF0+�Zy(¢.ç EE�V6,½ZÆa
Z®g�D�ZyÐ(,}Zzg®Z�~Á�D�XZy6,0+zV»Dg
�äzZá]zV»�×ZyÐ(,}�D�ÜsZq-�h0*c*Y@*
ìXtmZCÙZxÅ̂~4Z0+Zi~�îc*YYìX
�g`fs½ZðiîzVÆa°�~ZCÙZxÅÕÿQ@*g�X m

(Wood Pecker)Z Î7e f �Z] f ',¢»d (i)

�c* f y%Íl f vk (ii)

èÃg{!*Ñ�zâVqpV~Z¤/âIcZ¤/Zs~UgVwÐ».ÞHYñÂWc*qÝ�äzZá°�~ m

ZCÙZxxË�|#gnp�?
Z¤/Zy~Z%sìÂz{Hì? m

�Zz�]°�~ZCÙZx!3�Ò¨é GGSZCÙZx�7�¬ð�ïXtZkz�Ü�@*ìZ#aZà{(,Z7�Z��Ãð
�g|#c*ËÌ´ð%³6,�ÇV~ÃðZq-�t.e$_�XÅ<å XEZZq-Z%åf�dgì��ÃðÌ
qª(�aZà{åZCÙZxÆ�°{6,�@*ìX

:°�~ZCÙZx 5- ^

U*¬(�g@

U*â~�g@

Z�Zð�g@

aZà}

:°�~ZCÙZx 4 - ^
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(pyramid of Biomass) §CS»ZCÙZx 9.3.2

§CS)!*Çâk(Hì?

!*Çâk�g|§»CZÝÐqÝ��{**xC�ì�Wy%»gMð@*;Æ�zgZy
FÂZ**ðÃqÝ�D�ñZzg»g0eZðW�àÅ�ÐqÝ�D�XZk~Z¼gó
Ähc*Vó£óvkó»×VóW!7�}óigZ�ZzgÍCÇ�Zzg7�zVó³Z**]zZK̈yÐqÝ

ßg'�X7�}Zzg³ZyÐqÝ��{ÃðÌ��ÂZ**ð~psÅY$Ë �äzZáÃÝâ�}ÅÓx
~$+w (biofuel) ìX!*ÇâkBCìXZ#t�ÂZ**ðÅaZzZgÆaZEwÅYCìÂt§CZgï

YCìX
!*Çâk&§CS»ZCÙZxZ´ð%Zi6,i0+{â�{)!*Çâk(ÅlZgÆ�gxy0*ñYäzZá
mÃªCÙ�@*ìXi}âjàÂx~!*ÇâkaZàzVÐÍ�&pg�g@J-�gz/�gzQQY@*ìX

gT�? (upright) HZCÙZxå¦ñ m

ËW!âjàÂx~ómCVl%»!*Çâk£&Ò0î EGS�øZzgÛ!~pg�VÆ�ZkVl%Ã½Z¯D
��.ÞÃZ0+Zi�@*ìX(,~�#ÖÅÍ�&pg�V»!*Çâk�Û�V6,*Zg{�D�¹ic*�{�@*
ìXtqª(§CSÆZCÙZxÃZŷ~»g�CìXË½Zðiî~t0*c*�Hì�ZkÆZq-´ð

°�!*Çâkv�@*ìX 20@*10 %³Ð�zu}́ð%³J-
½Zðm»×ic*�{gZ�&Z�gZu°�~ZCÙZxÃ§CSÆZCÙZx~ps�D�ñqÝHYY
ìXZkÐªCÙ�@*ì��îVÅW!*�~~Sc*âkaZ�"5Áõ EGa�îVÆfg=ZEw�äzZÑ7�zV»
â�{ó½Zðiî~È3,îVÅW!*�~Å]SZzg�îVÅSì¿UëtÈMh��Ë½Zðiî~!*Ç
âk�zu}́ð%³Æa½Z�@*ìX

)¡~§jÐ»g�EZÑZgï�ǣy%�{�ÇVÅ)W
±o-
B-
ö
GE
E¹Ð (Fossil fuel) g»i~Zgï

qÝ�äzZÑZgï�Ã́óðzwz){(Zzg�ZðWß�ÏÅf~æ�Æa!*ÇâkÌÂZ**ðÆzaÆîg6,
ZEwHYYìX!*ÇâkÃZgïÆîg6,ZEw�D�ñZ¤/7Âî F»g0eZðW�àÃ�z!*g{cY~zZ:
��c*Y@*ìptz�»g0eZðW�àì�!*ÇâkÅ»g~Æz�Ü�ZÐà�¶X
øgZâjw

U*â~�g@)TZzg
�zu}W!Yâg(
Z�Zð�g@

)�Z](

àÇy aZ
)Z5(

§CS»ZCÙZx

¥ÅF,¹ÆaÓ#Ö»j

HW\Y��? !

210

SCERT, T
ELA

NGANA



CÙ́ð%³~!*ÇâkZkÆnzZá́ð
%³ÐÁ�$ËìXtZka�!*Çâk
ó�ø7[½ZÅC[½ZìXZ#³Z**]¼
3D�ÂZé½Z»ÜsZq-gN*�z5
!*Ä~ps�@*ì�¯g~��zu}´ð
%³Æa½ZìX³Z**]»ZEw�{!*Ç
âk»9zc*ÂÇ7�@*c*i0+{g�Æa
�g»gÂZ**ð�ÛZë�äÆaZEw�@*ìZzg
Zk»9zZn�Æ!*CÙ{g`�Y@*ìX

S»ZCÙZxZkZ%Å¶K0+��@*ì�³Z**]½ZÃò~!*Ä~ps�äÆZI7�DXâ!*¹
½Z)Ç�{gT�ñ�Å̂~�Æ!*CÙòYCìc*w~ÂZ**ð�ÛZë�äÆaÂh�~YC

°�Ðic*�{z�Å!*:V~ps 10% ìX@*��w½Z�Zdw~Ù�XF³Z**]ZK½Z»
7�MhX¼!~pgÂZkÐÌÁps�D�X

Ã  W�ëZq-½ZðiîÅVwfe�XT6,,Ðó»x�[ìtz{VwìZ#ëT
(phytoplankton) ½ZÆîg6,ZEw�D�XZkiî~«gÅRW[6,0*ñYäzZámCVl%

½ZÆaZà}�D�XtFÂZ**ðÃ_.[�D�X³ZãVl%Zypg�|7�zVÃ½Z¯D�XZzg
t³ZãVl%�yÅ½Z�W�?ëZy�VÃ3D�ñiîÆZ�ðu}6,0*ñYD�X

½ZCÙ%³6,�ù 90% ºm½Zðiî»§CS»ZCÙZxZk§b�ÇXZkºm½Zðiî~Z0+ZiU
ú¤/Zx¯CVl%ZEw�C 1000 ú¤/Zx³ZãVl%aZ�äÆa 100 �YCìXOçZk~

ú¤/ZxTaZ�CìXZzgZkÐZq-úZK̈ã!*ÄaZ�CìX 10 ú¤/Zx³ZãVl%Ð 100 ìX
�VÎg`ÅgzÝÐqÝ�{7�zVÅÇÂZ**ð!*Á{CÙ%³6,�ù�CìXZk§bë³Z~.�Mh�X
�Ë½Zðiî~Ãð³ZãâqZÝmCfg=ÆA�Ûd$gSìZk³ZãW!*�~~Zâ�ic*�{S
�ø7[gSìX!*Öp�vË½Zðiî~æ%ZiÁ�D�ZkâqÆaZâic*�{ÂZ**ð�CìX

(Pyramid of Energy) ÂZ**ð»ZCÙZx 9.3.3
½Z�ÇVÆaÂZ**ð»fg=ì��zúZzg�Æ�yÃ!*iyÆaZEw�CìÔ�x
îg6,�ÛÎ�{�DgT�X½ZZK¡]~6ðÂZ**ðìZzgtfí{�{qª(~0*ðYCìXtÂZ**ð
!*Á{ìX�ÇV~ZâY»ÚZ+Cå EEEZ[¿~ÑD�ñ**xCZâYÅ»g~ZzgZy**xCZâYÃ)**xC
^~ps�äZzg{g`�äÆa¼�}4,é0*ñYD�X7�}i}Ðn*]Ã_.[
�D�Xta%zVÆfg=7�}~0*ãÆ�B_.[�D�XMð@*;)Ã¦F,I(Y0+Zgi0+Ï
ÆaZq-¢zg~¿ìXÎg`ÅgzÝó»g0eZðW�àZzg0*ãó�$¨45é GGGESY0+ZgZâYÆa**¦/k,�D
�X)Y0+ZgZâYÆi%{Ð0�D�XtMð@*;Æ³~ÂZ**ðÅo�&½Zð^~§C
ZâYÐ0�D�XtMð@*;Æ³~ÂZ**ðÅo�&½Zð^~§CZâYÅ�*
³Z**]&�g@ÆaÜs!7�zVÆfg=�![�zZñYD�X½ZðYwz½Zðiî,a
ZàzVÐZ�g@Ã½ZZzgÂZ**ðÅÃ~çzy�CìX

ÂZ**ðÅ^�4èG

]{
³wZg}( 1)

³wZg}( 10 �,$)

³wZg}( 100 �u)

³wZg}( 1000 vk»Q+Z)

³wZg} 10,000 vk

:ÂZ**ð»ZCÙZx 7^
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³Z**]ón*]ÃmCc*³Zã½Zc*�zâVÐqÝ�D�Xn*Câ�}i}ÐÚïáYD
�ñ7�}»z�W�ZzgQ³Zã�»z�W�X

���ë3D��z�|Ð»g�@*ì�z�|ÇñÐqÝ�@*ìX�vk3CìXvkMð
@*;Z�x�îìZzg½Z»g�CìXCÙZq-qª(~½ZðZâYÆâ°c*W¸iÃ!7�zV~�¬YY
ìXZ#Zq-!*g½Z3ðYCìÂZkÅÂZ**ð�ÇVÆfg=Zßg'Z(g�CìX3ð�ðÓx½Z
½7gîg6,ÇZzg�»z7k�X9³Z**]ó!*wó6,ó�Z]»',zVeJçó³Zã½Z~]zszA~ZzgmC
½Z~+ßiZzgÉ»4è

Y
E
E

)a!â�{(Ç7�MhX
tZâYc*Â�Æfg=!*CÙ{g`�YCìc*)Ç�{!*ª]Æîg6,ÍCVÅßg]~Z«(�!*CÙ
òWD�X

�»z�WzZàÂZ**ð)z{�wc*Zy%Z`Æfg=�ù7�C(�zúZzgÂ6Æfg=6!*Çâk
Å@*;Æa�ø7[gSìX��ñ]óFg~c*�Ñ:1$QÆfg=¼!*ÇâkÃ�ù�D�X

ÆgZ5Ð�Z4�YD�Xª�ÇVÅñ]z¹Æ (Detritus)½Z �VÐt½Zðiî:â0+{
�ZâY�z!*g{âjw~�Z4�YD�X!*¹â0+{!*Çâk&ÕäERy%!~pgc*DgpgVÅpgZu0YCìZzgZk
ÅÂZ**ðâjàÂxÆZ�Zd´ð%³~�Z4�YCìX

ZâYÅ�zge$Yg~gSìXªtâjwÐ§CZ�x~�Z4�C�XZzgZyÅZñZ]z¹Åzz
�z!*g{i}ZzgcY~zZ:ß^YC�XZk§bZâY»�ÇVZzgâjwÆÎ·îZâY»·îc*§CóZgè

)W\Zk!*g}~)®)2~7,|` (Biogeochemical Cycles) z6ð�zgZyc*!*Ç743ð EGJ¡�zg
�(B@*ìX

âjàÂx~ÂZ**ðÎg`ÐFÂZ**ðc*ÃúVÅ̂~aZàzV~�Z4�CìX!7�zV
ZzgMð@*d"5¿.ç EGHc*

)6ðÂZ**ð(�g@)6ðÂZ**ð(aZà}FÂZ**ð

wZg] wZg]
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X~!ât0*c*Y@*ìXÆÎZ�vÃð��FÂZ**ðÃ_.[�äZzgZkÃ6ðÂZ**ð)½Z(~
ps�äÆZI�X

t6ðÂZ**ðaZàzVÐ�g@~Zq-´ð%³Ð�zu}́ð%³J-½ZÆfg=*gC
ìX��CÙ́ð%³6,9½ZðÂZ**ðÃZEw�D�ñZL�»z¯D�X�ZyÆ�ÅAà
¢zgc*]�»xÅZ�x��ó�úZzgÂ6z)Å��D�Xaè§»CÂZ**ðÃ¿)ñW,z)»g¤/�@*
ìXAà½ZðÂZ**ðÅZq-�.Þ�glZg)!h4�)Ïî GwZg]Å̂~�ù�YCìX®ZÂZ**ð»ZCÙZxå
¦JgLìX
ÜsZq-¾lZgâ�́ð%³Æ3äzZáJ-BìXZkK~��ZK̈yÅ¯ð�ð
0VÐZ7�DXuA&ðzw~0*ðYäzZàic*�{F,ÂZ**ð»gÆZ�~OñwÅÂZ**ð~
ps�äÆwZg]Å̂~�ù�YCìX¡~ñ"543ð EGHGV~ÂZ**ðÃ»xÅZ�x��ÆaZEw
HY@*ìc*wZg]Åßg]~x�YCì��v�ÇVÆfg=ZEw7ÅY$ËZzgâjàÂx~

$4pî GIÆa�ù�YCìX
âjàÂx6,ZK̈yÆZW,Z]: 9.4
ëë)oV~ZK̈ãæZìzzaÆ³~âjàÂx~�äzZàZ§bÅWß�7VÆ0
7,|`�XZkz~ëtKÅÃÒ�8�Z#ëÍ]Ã½Zð�VÃZÇäÆa»3�Ât¿
¾§bâjàÂx~vyg�Vp´VaZ�@*ìXZzg¾§bCÙ́ð%³Æ�ÇVÃOW,�@*ìX

W�!âjwÆZb%ZYÃKZzgZyÆÎ!*b¿ZzgZK̈ãæZìÆZW,Z]Ãfs~�g`¹ãÃK
»ë_·�8X (Pond ecosystem) Æa´40î EHc*@*Ñ[ÆâjàÂx

Ã8zÛÅ¹ã 9.4.1
{0*ãÅÛ�*Æ¾d$F,+úZxÃ́ð¢zgc*]�ÛZë�CìXZk§bÅZq-ÛÃ8zì�

Zq-©àF,i}7ìXtyz*yÅ�&Ð(,~{0*ãÅÛì�W0+OZ6,�÷~zZµf!Í�Zzg~
J-;�ZìXÃ8zÛZLÃå 6121km2

Zzg�Ù^VÆ�gxy0*ðYCìXZkÛ»¤k´�
ú¢aîsQ7¾z 6 0 0*ãÃ

BäzZà6,@̀ ( Up p u t er u )
j9Æfg=UXw~�Z4�C
ìXÃ8zF,i}@*ëZy�gc*îV~
Wð?ãÅn*]Ð_m,gÎ[
c*"Å(,~lZgqÝ�CìX

Ó#ÖW0+OZ6,�÷äZk
~wg

]45¼
B3ð
G
E

FGk,~ 1999 ÛÃâÞ
�ÛZg�c*X

:Ã8zÛ 8 - ^
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~2004 ´� (km2)~1967 ´� )È
62.65

47.45

15.20

0

99.74

16.62

1.37

180.38

70.70

0

0

100.97

0

8.40

0.31

180.38

0*ãÐZ´� -Û
ÐZ´� (Weed) W!CÙi{ -Û

{]W!CÙi{�B -Û
ñÌ!*gZV~c[»Zky -Û

W[#s#´4/õ NEH
�JyÅ�y
)Wi¥s&ï
]

¾�w~Û»0*ãÐZ´�×ic*�{ì?YV? m

W\¾zztìw�D��Û~W!CÙi{×ic*�{ì? m

ÛÆ´�~¶Åz�;]H�? m

qgz!*Ñz�;]¾§bWß�Ï»:L�W�? m

ÛÅWß�ÏÆ!*)̄ç{Ã¾§b�gc*ÄH�H? m

ZkÛ6,6,0+zVÆÜ£xÅz�;]H�$Ë�? m

ÆZq-æj�g]�ä (aquaculture) Æ�ìÆ�zgZyW[#s# (80) Ã8zÛ~ZÏ
Åzz(,}eä6,W¸iH�HX��~�ÙÍ�Zzg~e²Æ´̧VJ-zÝZ(g��HZzguât»g~�ä

Y~½ãÓxÛÃ»�&Æ�Ñc*�HXZzg�VÅ 1996 zZá�gÅM®Z�Æat́�6,æ0�HXÍ
�«Æa0*ãÆ·îÃgz1ÆaÈ¯ñ�XTÅzzÐÛÅW!Rö~úc*V¶zZµ�ðX

z�ÜÆ�B�v̂z5]�igZ®)ZzgØV»ÛÆWqc*¤k´�~gziZ�ÛzVZ���@*�HX
øgZâjw¥ÅF,¹ÆaÓ#Ö»j

ZlxÆ6,0+zVÅZâZqÅö!*ã�CìX'×h+',WV�v³ZãzmCøw?ZÌÆ 193 tÛ
qï7�zVÅFZlx�V�ø7[�XtÛÑàZ¨YZzgæ¹-g\ÆÜkãwgÃZÍ',Zzgâga¸V

6,0+CÙ�w�VWD�X (20,00,000) ÆÎZK§sgZá�CìZzgZq-Z0+Zi}Æ_.äÑÄ
´z{Zi,tÛä�xªxàÇyÅZëj-$&#ìX{0*ãÅtzWF,+Ûó]45Õä HG"3ïJGHÐ
qÝ��{£zk,Æ_.*M̧�wÆ�zgZyzÝ~Wß�ÏÅzzÐ:Üsi�ìÉç{Ð
�zegìXÛÆ0*ãÐy}´ºZzg�àyZy~]îÆ³~c[Æ)b»�oìX�g`
fs].zw»x@{ÙX

I - ].zw
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íÛ~$+gz**ßVÅËqÅzzZZlxÅWß�ÏÅ�.ÞÒplZgZk~�Z4��XWß�ÏÆZëfgZù
~XRVz�âVÐË�äWäzZÑ0*ãT~3�zVóig¦6ðâ�}ó\)½5éGCÛÐ{g`�äzZÑ0*ã
óQ·îT~6ðâ�}ó**xCâ�}ó$+gz**ßV»0*ã�áï�X"Ñǵðâ�zVó&ÑB{ð EEmZK̈ãfgZù

(Eutrophication) ÐaZ�äzZá́ðâ�zVÅËqÐW!CÙi{ÅÒ]��X}Zdg*Ô$h45é FHG
³Æîg6,Û»0*ã×¨~ó¢Ñó´tÐ½7gói�{WxÅ¶zZÑZzg§C6ðWx

~Z��zZÑ��HXTÅzzÐW!Yâg¹ic*�{OW,�ñXZk´�Æj-$5+k,Z�ÛZ�~ (BOD)Ô
�ÛÆ0*ãÅWß�{qª(Ð**zZ��XW!zaÐaZ�äzZàFg-V�Z�wóN*"3¨é JGEàóZ!545é GEG�

(Æfg=ÌzZàFg-V~ÌZ���ZXMVZzgïªÌZy Vectors Zzg�v¬g2¬x�XzÉgk)
Fg-VÐOW,�äÅzz�XRVÃF,u��c*�HXZk§báz�i}igZ®)ÆaÌ**»g{�YCìX

ÅzzÐ°ZÒwtÛAi�{)�à(��ìXZzgZK̈ãæZìÆ:L Aqua Culture W!#s#
£òZâZqç{Ð�zeg�X0*ã~WxÅi5+k,~ (15) )**á(ÌDz��`�X�VÅ Canal

�g�ìXí0*ãÅZz6,~R6,�VÅ®Z�~Z���g;ìX
ìX W�ëfs~�g`].zw»x@{�,T~Û~�äzZáZ¿ZzgZyÆZW,Z]Ãec*�H

ÜZs#��{X6,ZCZW,ǵ%Z�ìX )+( z�s#´â]:
ÜZs#��{X6,ZCZW,:ǵg%Z�ìX )D(

2 - ].zw
ZK̈ã¿ Q¿ W[#�¿�gWæ igZ�¿�gWæ X

D

D

+

+

D

D

+

D

D

D

D

+

D

D

+

+

D

+

+

+

+

D

D

D

+

+

+

+

§»C
f��{Ü£x�äzZá6,0+ X1

W!*�~jgZZzgÃ**~¶ X2

%nW�Û+ X3

6ð
»ḯt X1

iCÙ~Wöl X2

8
 (Siltation) Ç�Z0+zi~ X1

Flooding c[&?ã X2
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Ü£x�äzZá6,0+zV6,ZW,�äzZáúZïH�? m

HW\8Zzg6ð)bÆ�gxyÃðm0*D�?z{H�? m

6ð)bÆaHz�;]�? m

Z¤/ÛÆ0*ã~i�{Wx�YCìÂHzZµ�@*ì? m

Wc*ic*�{�@*ìc*Á�@*ì?ZkÆ}òH�D�? BOD ¢áZzǵtÐ_m,0*ã» m

Ã8zÆWqc*¤k´�~g;ö5+k,úZxF)bÐ�úgì�XYV? m

óÓ#ÖyäZq-w¯xW6,cÃ8zóóú�~�ÛÅ�« (MEF) ziZg]âj1]zÍ]
Æf)�ZgìXZk§bÆ6,z¤/ZxÃ8zÛ��Zq-¡]ÅÎ¸]ìÆâj1CÂZiyÃ�z!*g{bw
�Mh�X

W\ZLZ)s~ÃðÌW!âjàÂx»x@{ÙZzgZ½ZðiîzVz½ZðYwÅÙ|#Ù�
ZkâjàÂx~¿cZ�XZyx@Z]ÃZKâ^,-~sX

øgZâjw¥ÅF,¹ÆaÓ#Ö»j

zguÅL
_________________ @*gõ ____________________________ Ë¤/z\~¤(̈D»**x X1

_______________________________________________________ âjàÂx»**x: X2

___________________________________________________________ ûz̧q: X3

_________________________________ **x&7�zVÅ®Z�)aZà}(�Ù|#K��V: X4

__________________________________________ Ù|#��{³ZâV»**xZzgZéÙ|#: X5

ZZlxÆ�g@ÃÙ|#ÙZzgZyÆ**x�ØZzgZé®Z�Ãfs~sX X6

_________________________________________________ !~pg)Z�Zð�g@(:
________________________________________________ Í�&pg)U*â~�g@(:
_______________________________________________ ZdÍ�&pg)U*¬(�gs(:
_____________________________________ ZyÆ�gxy½Zðm:½Zð¬�Z]&F,¶]: X7

__________________________________________ Z½ZðiîzVÃ�î�&Z@*g�: X8

____________________________________________________ ½ZðYw»{�U: X9

_______________________ ËâjàÂx~0*ñYäzZáÓx)§CúZïÅz�&»gÙ: X10

)Zq-Yõz�&�~Y$ËìZzgZy~£/ZâYÃ¶Kyi�HYYì(
_______________________________________ Wc*âjàÂxÃÃðç{�g7ì?;V&7: X11

____________________________________________ Z¤/;VÂHç{�g7ìZzgù?:
___________________________________________________ PD+ZÛD+Zgue�:

216

SCERT, T
ELA

NGANA



Z#Ãðk»^�c*Y@*ìZzgZkÅ(½ZðZâYZ»kÅ̀ZÇðYCìÂZq-¡~îg6,�ìâjà
ÂxZkÆZâZqÅ(,~®Z��dwÂZiy~gT�Zq-#�ªZq-)¡~ZZlxÆ�V~
Zq-ºm̀Ðps�YCì�Z»kó£}zZà!~c*ñwVÆavk�}$ËìX

Z#ë(,}eä6,̀ZÇD�ÂëZh½Z(,~lZg~qÝ�D�tqª(�g�Z]óZ
¡Æ½ZðZâY6,%Æa�iÇg�CìXZ¤/½ZÅlZg.e$(,~�CìA$�g�Z]zJVÅÂ6»
¿!�Y@*ìXZzg�äzZÑvyÌ(,Z�@*ìXZkZ%ÃzZµ�äÐgz1Æaëä�VÐZy
)�»gzVÃïw!*CÙ�äÆaiCÙY6ðâ�zV)�g�Z]¿óCÙi{¿Zzg¡¿(»ZEwHXZy
~ZÒ.e$ñW,U*"$�ñpZyÆZEwÐ6)bÌaZ�ñX

�&Ð4+�g�Z]¿�zZz{ì�Ë{m�g�{Ã»�C�XZzg�vi0+7VÆaåîg6,
vyg�V:�XZ+Ãð�g�{¿�zZ70*ðYCZzg:�aZ�äÆZk**]�X
Ãð�z�g�Z]¿Z�zc*&�Z]¿Z�zc*Æ**xsXXÐW\zZ��X m

W\Æy~½ZðZ»kZzgZ**`¾§bfí{KYD�@*�Z7�g�Z]Zzg
¢�ç

E
N

)�0+(Ð m

ôog3YnX
�g�Z]¿Z�zc*Àâ¿~)ZqÐi~�D�XZzg�zu}³Z**]ÅM®Z�Ì»�$ËìXZy
»�EZá³Z**]~Dgpg�¡~îg6,�g�Z]Ã½Z¯D�V�Mh�X�v½ZðZÌÆqïc*
�zu}³Z**]�Mh�XZÏ§bt½Zðiî,~**�.Þªkp´VaZ�YìZzgâjàÂx~
ÂZiy�Y@*ìX

Zk»'×h+vytì�Zk~¼Z½¦Z�°ZW,eZs�X�g�Z]¿Z�zc*Åæ]LLi0+Ïóó
�.Þ (herbicide) )»g��Ï(�giCÙYâ�zVÆ].ZÇ:�CìX¼�g�Z]¿Z�zc*Zzg�o-ö

EI
E¿Z�zc*

¹�D�Xt×Áæ]À�Zq-�wÆZ0+gI^�)¢gg�Vâ�zV~ps�YD�X�vz{
â�}X~0*g{óWg¬c*g�áïgT�**�.Þ¹�D�Xt**�.Þ¹�g�Z]¿Z�zc*!*±g
¸{ç**u�D�aèt³Z**]Æ�}Ü��½ZðYwÆfg=�v³Z**]Æ�~í��V
t%³6,'×h+%6�DgT4è XW�VJ-�ZCÙZxÆgZk6,ñ��Zd³Z**]~V��.ÞÒpuJ-vy

B@*ìX (Bioa ccumulation) g�V�YD�XË½Zðiî~Wß�»gÆ�Z4�ä»¿§Cfy%
(Bio ²Wß�»gÆZq-´ð%³ÐZ�́ð%³~v�ä6,Zg�i~Z��»gDy§Cre$

B@*ìX magnification)

ÆZW,Z]6,fs~�g`ó_·»x@{ (Bio accumulation) W�ëZK̈ã¡6,§Cfy%
X �,
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(Edulabad water Reservoir (EBWR) yz*yÅgc*�&Ë:ÆZi+Ñz!*�zZR,gm,zZg 9.4.2

(Bio accumulation) ~ziã�JÂV»ñ�§Cfy% (cyprinus carpio) ÅT

yz*yÆà~´̧VÆZ§Zsñ��W!f{],��gc*ó§ó@*Ñ[ÆW!�ÇVÃn*]Æ
Ò]Ð�Z4�äóF,7Lóziã�J]Å6,ZnÏZzg**xCWß�ÏÅzzW!{¤Æ�YäÅzz�Y»
ç{ÑhìX

ØVÆªxZzgÆ~Ã�Ò3ïGGÆ!*)̄ziã�JÂVÐ
W!§�OW,�g;ìX

(Bio indicator) �VÃ�JCZW,8,k,e$»§C»^ªî IE
�YäÎìYè\)ÀöZâZq�!*îÆqÑ]~�h+g�¿»

ZÖg�CìXQó£â]Ð{g`�{ÃÝ0*ãÐWß�{
Zi+zÑ!*�W!fí{~�Ë:ÆIz^ÆâZb~0*c*Y@*

(Mn) ó$45½2.ç GEYEGE (Cr) ó�zç (cd) ìXziã�JÂV�Oç
ÅZW,6,m,i&~ÃYiÆáZq-_·»ZÈxH�HX (Fe) Zzg9x (Ni) óò

~�ø7[ZgiZVó6,z�Ð%ZK̈ã½ZÆîg6, (EBWR) Zk¾nÆaWß�{Zi+zÑ!*�W!fí{
)»°Ï»g\(TÃÉH�HX Cyprinus carpio ZEw�äzZà

èÃg{!*ÑW!fí{ÆW!%âV~ziã�JÂVZzgZy»ZkW!fí~�zú0*ðUg!*ÑTÆZ
!*:Vøw®ó¤/�{Zzg¯Í-¡ç FHzV~§Cfy%»�tH�H�B��rXZzg

\
A+
ö

I

lZgzV»Ì�tH�HX

áZi~îg6,Zq-_·!!ôc*�Z�g~ÔÈZ**�~IÆ{0*ãÆZq-fí{ÐÉW!%âVZzgZk
ú¢aÆ 30 Ë:Ð EBWR fí{ÐqÝ��{�V6,H�HYètZq-×ÁWß�{W!fí{ì�

ÐqÝ��{�V~§C¡y% EBWR Ã,6,zZµìXZk»©_·ÐqÝ}òÐtZ%zZã�Z�
ic*�{Zzg�rXz

\
A+
ö

I

lZg,Á�®.Þ!!ôÆ{0*ãÅ�VÆX

øgZâjw¥ÅF,¹ÆaÓ#Ö»j
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W!z\)Àö%äCÙ�w&ñÈV:Iâ²y)�Ûzg~X#(óâ²y)�yX]4--.ç FHE(Zzg:â²y)ZÍ',X�g~(
Æ�zgZyÑzqH�HX�CÙ@*Ñ[ÐCÙ 2007 @*# 2005 G�Xziã�JÂVÆ�t»»x�y 27 ~¦

ñÌ~&%û&ZµZµ£â]Ð&&W!%ä0*à(£4è
G

GEÆ�sìÈ1�V~qÝG�
¸X

ÐqÝ��{%âV~�JCZg�iyz*ã£g~uÅ/Ú¹ic*�{ (EBWR) Zh+zÑ!*�W!fí{
0*c*�HXZzgøDfsÂZF,»ZÖg�ZX

Fe > Pb > Cr > Ni > Cd

gZ{¯Mh�XëäZy�JÂV»TÅ!*:V§C¡y%»�tHX ziã�J'ZK̈ã½Zðiî~ZK
TÅ!*:V~Zy�JÂV»§Cfy%»gDyZk§bå:

Cd  >  Cr  >  Fe  >  Ni  >  Pb

ÆaTÆ®ó¤/�}Zzg¯Í-¡ç FHzV~Zd§Cfy%0*c*�HTÐtZ�ág{Mì�Zk (cd) Oç
�J]Æa¾F,+Zg�i~Ì�k�C�X

ZkÐt!*]¥x�ð�§Cfy%â²y~/ÚIâ²yz:â²yñÈVÆÁ�@*ìX
�]gZx  ZK̈y~ziã�JÂV»§C¡y%½ZðiîÆ¿ÐzZµ�@*ìXZzg¼�PCy%ZÒV�

{w{w�äzZÑggó¤/�z~vyó�z){Ñh�C�X (Hypertension)

Å@*| EBWR �y%t³Z~.H�H�)±g;öó)±z{]gLe:Å×Zzg$+gz0*ã
5+k,~»:L�XZk§b�V~(,ñ�ñziã�JÂVÆ§Cfy%Ð:ÜsW!i0+Ï~ñ�Z
É½ZðiîÆfg=ZK̈ã¡ÃZkãç{Ì(,|�HX

W!fgZù~Wß�»g¹VÐ�Z4�D�? m

W\t¾¯Y6,ÈMh��ziã�J'Zk0*ã~g�zZà�VÆ�~0*ñYD�? m

ï»gzVätx@{H�Wß�ÏÅRâ²yÆ�zgZy�YCìXZrVäZk§bYV0*c*? m

£òW!f{],~�ø7[�VÆZEwÐúZxZ¬ḡV
!
è
WYV2�YD�? m

ZK̈yä�gc*îV6,$k0î FNIG»g�D�ñ¢Ñ0*ãW!f{],!è Wïk�D�ñó«gzVÆ0*ki}Ã
D�ñZzgZki}6,I`��VÃZÇD�ñàóÇîyÎD !*ic*[�D�ñóÍ]ÅÉð�

�ñ1,ZzgvXy�D�ñF´̧VÆâjàÂxÃ(,}eä6,ps��c*ìXZyp=Vä
z;V0*ðYäzZàmCz³Zãñ&42.ç EGHGEÃ¹uJ-ps��c*X

VwÆîg6,Zq-(,}àÆ�ÛzrÃ³Xz;V&§bÅp´V0*ðY'�Ô
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¼mCz³ZãZâZq»�_�VÏX (a

PZâZqZK®Z�Ã]D�ñ5qÑ]ÐÂZ¬Z(g�D�ñZK�YÃD¯D�? (b

PZâZq6qÑ]ÐZ.�{�D�ñZK®Z�~Z���D�? (c

W�ëfs~Ug¹ã7,³�ZK̈ã"g3Zdw¾§b¡]Üs¸X
m%-VÆÜsî 9.5

ËÌY0+Zg�tÃdZyÐG7ìYèz{i0+Ï»¬xz�X@*ëË
Y~Wy 1958 äÌZk�gWÃ]»L�o7H�ÇÎeÑÅm%c*6,

7,~Xâj1CdZyT»�VE+�{°�ì�¡~7ÉZK̈yÆ»gßÅ
zzÐaZ�{åXZkm%c*)$g{(ÅÀ@*gõ~�*½~Zk»Zk�gDg

~eÑ~H�HX 1958 7H�HA�
Zkz�ÜeÑÅQaZzZg~!F,Z��ÆaozWF,�̧
»ÞgzVÃÃu�D�ñ�]Æ�Bî`ð�XZkîÃÓ#Ö
z�ÜäeÑÅQaZzZgÃu®)Ð(,JD�ñÕyzv[�*
Æë�á:ÑäÆZgZ�{ÐtZ�ZxZVc*XA$eÑ~Zq-�¸'×Zg®)

�ì¶X (Agsarasian) Î�Ì
Zkz�ÜÆW¸i��{Z�Zâ]~Zq-=wZ�ZxÃZ6,&43ð GHGic*®Ò5½3ð GHi»ªx

{0+ZyÅZ·ZK¶ZzgZkZ�ZxÅzzÐ�VÅ 5000 åXT~
aZzZg©wÐ�zt��XtZ�Zð»x!�zu}�wÌZÏÑÆ�wÅpZé»:LµpñÌ
�iÇg7g;X

:m%c*ç{Ð�zeg 9 - ^

:m%c*î 10 - ^

øgZâjw¥ÅF,¹ÆaÓ#Ö»j

IÆ$4-)45é GEGHà~ (Kumamoto) Y~�&Ð¬Y0*yÆÃâñI 1956 Fg~Í (Minimata) $4-)45é GEGH

J-�ì¶XÆQÃå0*ãÃT~$4-£é GGL 1968Ð1932 �gc*Ä�ðXtFg~/»g7gcÅ6ð1~�
%Yg~)0*g{(%·]�áïW̧!f{],~ghäÅzzÐÑh�ðXtZ�ðiCÙW6ðâ�{U$4-)45é GEGHZzgÑh+Zâð
«gÆ�VZzgpw�Zg�V~§C¡y%�äZzgZy�VÃ£òZ�ÛZ�Æ�g½ZZEw�äÐ%Yg~ÉÅ

�wJ-¸g;X (36) zzÑh�ðX²ÚVóÆVóòk,zVZzgZK̈âVÅZñZ]»t]ÓÒpî¤

HW\Y��? !
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Z¤/85Âî FGP£»KIp�¸ZfZyäZLZ@ZsÃ:qÝ�ä6,!*ÑZfZyÆpsÐZ**`
ÅlZgÃ�wÐic*�{�g`�zZc*Xt�Z0+gZ`ÔZzg�ÛZbÆÎ°xÂZiy»7ÀU*"$�ðXZk»
Z²Zxm%-V6,Îc*�H�tÍ�ZñVÐ�í~Z0+Zi{Æ_.CÙ�w°m%c*eg0*z&+Z**`oàIXàzVZzgZk
ÆâZb~½ãÛ'×�zgZyÅ̧]Ãm%-VÆÜsî�̄`~ÃuH�HX
úZxä(,~®Z�~Zym%-V»Dg�**óiCÙÆfg=»�**ÑzqHXm%-VÃDg�äÆaFWiZ�
Dgiz÷�ìG�Xßv6,0+zVÃi}6,á�ÐegZäÆaeðwOc*�D¸X@*�m%-VÃÚ
ZhDg�6,6gHYñ@*�z{�yÅzzÐ%�{n¤/YNXZym%-VÆ�YVÃZ;Í�c*�HXZ&+zVÃÂh
�c*�HZzgâiZGzVÃ»��c*�HXægÎVózgu-ÛZzgÓäZ�ZgZY]Ãm%-VÃ»�äÅ®Z�ÅãC�6,ZÜ¹
z�RZÅâ]ZzgZ�Zs}.â]Å7¿Å�X

²��Z#�0ZâVä%�{m%-VÆ;t+ö
E

ÂxÅÆ�D�ñx@{HÂ¥x�Z�&
aåðÆ;t+ö

E

**à~�VKa¢gg�V�Z]0*ñ�XZzgÜsZq-aåðÆn{~Z**`0*c*�HX
�0ZâVÆt}òªCÙ�D�

ÆaÎ�q�C�XZkîÆ��VÅaZzZg~Z��ÆOñ(,~ �m%c*VãC�~îg6,ZK̈âV
uJ-fzZµ�ðXZ¤/p�m%-VÆÜsîÂ»�ðpZkz�ÜJ-@*í�_¶XQ+-VÃ½Z¯äÆ
aÃðm%c*:�äÅzzÐoQ+~�ßVÐ½�HXQ+-VÅÒ]Æ�BñÌÅy%Z!ÐxeÑ~µÅgZ{
ûZg��XQ+-VÅW!*�~Ã»�äÆa�g�Z]Z�zZc*]ÆZEwÐi}ÅS¤Ã'×h+]�c*X

F�'×�zgOñXRV~»x�äÆZZ&+7m,~»x�äÆaZCÇîVgh�XigZ®)
Æ�Zq-¿´�!*¹$�HXZzg½ZÅºCÙ�y»z̧·0�HX

èÃg{!*ÑzZ§~½ZðiîHì? m

¾§bZkîäXRVÅ½Zðiî~ñaZH? m

tñ¾§bâjw6,ZW,Z0+Zi�Z? m

HËâjàÂxÐËi0+{�tÃåïw�b�g�&ì?t¾§bvy�{ì? m

H|~m%c*V�ZkÅf)�Zg�?�VÅaZzZg~~¶ÅHzz¶? m

�0ZâVäH³Z~.H?Hz{SktÃ�Jgn?7ÂYV? m

ZK̈yÅ»g��7V»âjw6,HZW,7,Z? m
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øgZâjw¥ÅF,¹ÆaÓ#Ö»j

ZÏ§bÆq�U*]&zZu]ÆZ¬�{Ð¤/m,ÆaW\Htg{�,ÐX m

óó7,|�#Ò)®)~I�<XZzgz�;]Òy Manavi )®)ÛÅ§»]Å�gÏÂ[~�~�ÄLL
<�YVøg}Z§ZszZ)sm%c*VZzg�zu}6,0+}ç{Ð�zeg�X
D+ZguÆaZ�Zâ]: 9.6
Z¤/ëZyzZTVÆ0¨g�,XÐiCÙ~ZâY��g�Z]¿Z�zc*ÆZEwÐÑhvy
�{ZW,Z]Ðp�ZLW\ÃZzg�vY0+ZgZ�xÃôpgÄMh�Â¯g~g�¿t�Yì�ZyZ�zc*]6,0*È~
¬Z+ÅYãecX�g�Z]¿Z�zc*]6,0*È¬Z+ÅYñóóIW�yìXpQÌ�g�Z]Ãgz)!*¹
g{Y@*ìX�g�Z]¿Z�zc*]ÆZEwÆ!*z��Zy�g�Z]Åzz�.Þ�glZg~½ZðZâY»
vy�Y@*ìXZ[W\¦g�Mh��Z¤/ë�g�Z]¿Z�zc*ÆZEw6,»ï0*È~¬Z+��,ÂZy
Fg-V»XÐtNzw�g��Zzgøg~(,f�ðW!*�~Å½ZðZô`Æa�h+¢zg~�V»H
�Ç?

ZkXÆîsæCiÆa�g�Z]Ã�Zk}Ávyg�VZW,Z]gnp�óMzw�äÆ
a�vñW,§hVÃ�l�**�ÇX�̂k§»CZßßV6,�ì�VX�VZEw�äzZáP×Zë
§hVÃÒyH�HìX

Ëºmi̧}6,�w/�w��wîg6,Z�VÃZÇäÐZk´�~ �V»!*g~!*g~ZÇ**: 9.6.1

�w/�w�g�Z]~�äzZÑZ���Y@*ìZzgZk§bÁvyÑh�@*ìX
�g�Z]Æ�zg§]»_·�**:Z#�g�Z]ÆZ�zZgi0+Ï»_·HY@*ìÂ�VÃZkz�Ü
ZÇc*YYìZ#Zy�Z]ÐÁvy(ìX

�g�Z]Æ¡~Dgpgc*JVÃ�gs�zZD�ñ §»CMzw:
3,�g�{Ã!*Ý�D�ñX !*Ý6:
7�zVÅZ+QC±)QCîg6,�!7�}(»g�**�ºm�g�{Æa'×ZØgBb QC±:

�X
)DÅ&¢A(âjw6,ZW,Z0+Zi�äzZàZK̈ã))¡~(u¤/xVX âj1C�d$:

úZx~âjwÆDÐ0ÅgËZg~
âjwÆ0PãC�~Zßw�XúZxÃWÇ��ãe34/õ X

G

J�ÁZßßVÃZCNZzgßZßßVÃgh�,X
OçZLâjwÆ0zZ/ǵec¡]»DÙZCDÙXZKZôm,~»[Â[ÅZ»ð

óó7,ÛX)®)�ëX Or will the dreamer wake ~�~�ÄLL VI - 
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½ZðiîteCì�ÂZ**ðZq-�tÐ�zu}�t~¾§b*gCìX m

½ZðiîÆCÙ́ð%³ÆÎ¾»¶Kyå½ZÐ½ZpgÅ§sZ�ág{�@*ìX m

âj1CZCÙZx�-VÆ�gxy½ZðģZzg�ÇVÆ�gxyÂ**ð·îÃªCÙ�CìX m

ZCÙZxZq-Z+qª(ìTÅzäææpZCÙZxÐQìX m

°�~ZCÙZxË½Zðiî~CÙ́ð%³6,�-VÅW!*�~e@*ìX m

S»ZCÙZxË½Zðiî~CÙ́ð%³6,ÂZ**ðÆfg=Æîg6,�ø7[½ZÃe@*ìX m

§CSÃg»i~ZgïÅwÐÌZEwHYYìX m

ÂZ**ð»ZCÙZxå¦JgLìX m

½Zð�VZzgZ**`Ã�g�Z]ó¡)í0+~(Zzg�vFg-VÐôpgppÆaZEw�äzZÑiCÙÞâ�{âjà m

ÂxÃF§bvyàYìX
�gZÝWß�»g»½Zðiî~�Z4�**ìX (Bioaccumulation) §C¡:æEM m

ìX (Biomagnification) Zq-́ð%³Ð�zu}́ð%³6,*gD�ñWß�»g»%6�ägDy§Cre$ m

�VÐic*�{aZzZgÁvyÆfg=qÝ�äÆa�g�Z]¿Z�zc*Æ��wÆîg6,F§j�X� m

�V»!*g~!*g~ZÇ**ó§»CNzwó74545é EEGEGC'×ZëÆ7�zVÃ�Ûzr�bz){X

Æ�zgZyqª(LL6,�á#��{ó£! 2004@*1967 »Ã8zÛ» 2006 Zzg�¶
&
B©3¨4

è

G
G
G

GE (Marappan) âg6 :I  - ½Áe$
Ñ̀�b!*Ç)ßYZhÃgg^a»ÎZŅ̃Zòg�!Xtó»xz�c*�¤/ÍçZz~ógz~ö$i¹é Fóueâ¶Zzg7yÆâãÃ&+ZäH :II - ½Áe$

½Zðiîó½ZðYwóZCÙZx)%zo(ó§CS)!*Çâk(�g�Z]¿Z�zc*ó§C¡:æEMó§Cre$Ôâjw�z�&
X u¤/xVÔ�JÂVÆfg=Wß�Ï

(AS1) Ë½Zðiî~Zq-%³Ð�zu}%³J-v�äzZàÂZ**ðÅlZgÃHzZµ�@*ì? X1

(AS1) ËâjàÂx~½ZðiîZzgZCÙZxHªCÙ�D�? X2

øgZâjw ¥ÅF,¹ÆaÓ#Ö»j
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(AS1) Ë½ZðiîÆa°�~ZCÙZx6,Zq-¿â^sZk°�~ZCÙZxÐëH³Z~.�Mh�? X3

zeÙ (iii) �{ (ii) o(i)

(AS1) §CSHì?�~�½ZðiîÆa§CS»ZCÙZxQ@*g�X X4

]{ (iv) Dgpg (iii) !~pg (ii) vkì (i)

(AS1) 6,¿â^sX (Biomagnification) Zzg§Cre$ (Bioaccumulation) iCÙ~�»ZEwâjàÂxÃ¾§bOW,�@*ì?§C¡y% X5

Wc*��g�Z]¿Z�zc*]�øg~�VZzg½ZÃ�g�Z]ÐôogBb�c*ZyÐË��w6,̈g�**ec?W\ZkÐ X6

(AS1) 0ZLìÑ]»ZÖgÙZzgZL�Z[Æa¢o�?�ØX
(AS1) Hì?Ëâj1CZCÙZx~z{¾qÃªCÙ�@*ì? (Trophic level) ´ð%³ X7

(AS2) Z¤/W\ËâjàÂx~ÂZ**ðÆ·îÆ0Y'eT�ÂW\¾§bÆÎZÑ]7âÐ? X8

(AS2) Z¤/ë½ZðYwÐDgpgzVÃï,ÂHzZµ�Ç? X9

(AS3) ÆË7�}»x@{ÙXZzgaZà{X�gsÆm6,Zq-â^sX (Kitchen garden) W\ZLui� X10

âj1C¸Z2zW�Z[Æ0¥â]Z��Æ�\1ge6,ðV�,? X11

(AS5) W\p�ÃZd%³»�gsìw�D�ñZq-°�~ZCÙZx»{�Z@*g�? X12

(AS7) âjw�z�&¿Æ0W�ÃZLë)®)�¹V~�Ûzr�¶ÆaÈ}»gÙX X13

(AS7) �g�Z]¿Z�zc*]ÆZEwÐZ�ZiÃ7Ãgnp�ñi�FWß�ÏÆD+Zgu6,Ãð&6,z¤/Zx?m,ÙX X14

( ) Ãð½Zðiîå¾ÐÑzq�Cì X1

Zy~ÃðÌ7 (d aZà{ (c Í�&pg (b !~pg (a

( ) øDfs~¾Ð7�})�7�D X2

èÃg{Óx (d ( (c ½Z (b 0*ã (a

( ) Óx�g�Z]¿Z�zc*]6,0*È~»Èì X3

�g�Z]¿Z�zc*]»�!*[ (b �g�Z]¿Z�zc*]»ZEwF,u�** (a

!*Ç6ð1m,ÃÈ��b (d âjw�z�&ig¦cgZæÃ�Ûzr�b (c

( ) egÖZ&Ó4è GHEÆ_. X4

ZCÙZxÆ�&ÐZz�£x6,ÂZ**ð�Zx~Ñ**ic*�{�@*ìX (b (Í�&pgZCÙZxÆ�&ÐZd£x6, a

C Zzg A qgz!*Ñ~ (d ZCÙZxÆ�&ÐZz�£x6,aZà}7�D (c

9�Z[»ZN[Ù
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z){ZzgZyÅ (Founa) ó³Z6 (Flora) ë*¸)oV~�gCz�b�0*ãói}óÍ]óm�
�YÅD+ZÛÆ07,|`�XëZK̈ãZdwÆ³~�gCz�bÅWß�ÏÆ0Ì7,|`�X
�gCz�b{]ñ���pHë|~Zyz�b»DÐÄ�D�?ëZK̈ãæZìÐZy6,
ZW,Z]Æ0ZzgZyÆDZzg�YÆaÅYäzZà»zØVÆ07,³ÐX

øDfsÎZÑ]Åæ�ÐZ')4è
E

GÐ  ZL´º~�ø7[�gCz�bÅZq-Yìz�&»gÙX
Zq-»_·ÙX

W\Æ´º~Ã̈K�gCzaå[ì?tW\Ã¾§bOW,�g;ì? m

HtzaIZi,zZ�ÛlZg~ñ��å? m

tZkæ]~¾§bå[��H? m

zaÅ�«ÆZ�ZxÆîg6,W\H�Mh�? m

Zq-zgÆ!*g}~_·�,��g~�*~å[�@*Yg;ìX
:zîVIÆ�zÇîVz*.çEFCZzze~l%!~W!z�bÅßg]qw: I - R 10.1

z
*.ç
E
FC~ik,i}0*ãzZ�ÛlZg~�ø7[ìze~l%!~ZkÅº��XÇîV~.îVÅ®Z�ÑgÅ
�@*��ø7[0*ãÅåñ��{ÔZzg0*ãÅ�!!Åßg�w¥x�X

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j

!*[
10

�gCz�b
Natural Resources
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Zq-É%:�ÛtÆÓxe{â9Ã�Ø�¿ÎZÜ)Æfg=.îVÆfg=²-Cé GEäzZàWBÙÅãC�~
¥â]qÝÅIX

k**]�.îVÆâ9Z̧q--ÎZÜ)Æfg=Z�YçÙUîV6,-¥â] (25) Z,æ
Z�Å�X�zâVÇîVÆ{0+ZâVÐ*¸0*õ',ÎV~ik,i}0*ãÅqª(ÃÒy�äÆa¹�HX

ze~l%!~.îVÆ´z{0*ãÅ�ÛZbÆÃð�zu}fgZù7�X²z*.çEFCZq-@*Ñ[ñ��ì�
g�z@*Ñ[~ps�[ìX£&Ò0î EGSz*.çEFC~0*ãÅßg�w4ìX

�Y}.â]óãC�~�1]ó'Z5ðúZïó�VÃZÇä»§ió&zZgZ:§iÆZ±gÐz*.çEFCZzgze~
l%!ÅãC�~S:]½ã7V�X�zâV�Ûc*Y]~gL»ÞgZÒe$~�Xz*.çEFC~Zz�yw
Wæã×ic*�{ìZy��ÂV~¦/g¬»Zëfg=»Þg~ZzgWBÙ»Zëfg=.ZVìXywWæãik,i}
0*ãÅqª(6,«ìX

ÍP',ÎVÐ!*gl~Z4w7ì@*ëZy�Ûc*Y]Æ�y�JyÅ»�&ÃF,ß�ï�X�g`
fs].zw»x@{<X���ÂV.îVÅ®Z�ZzgÀWBÙ´ºÃe@*ìX

¥ÅF,¹ÆaÓ#Ö»j

y~ZâYèóge$óÇ�ó)XèóèóÇgZ6,��Cì�o�&
îg6,B�C�XZzg&µ6,ZzgY"54è EEGE6,6,ÂVÅ̂~)c*Y@*ìX

t0*ãÆjZîÆao�&îg6,��ZZzg¢�@*ìX

g�î@*Ñ[

:_·ÆW¸i6,�w¥â] 1 - ].zw
.îVÅ®Z� WÒg~»´� À´�Znk~)(( �Ût

155 1000 4000 z
*.ç
E
FC

175 450 3000 ze~l%!

�g¹z�b

HW\Y��? !
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z
*.ç
E
FC~ÀWBÙ´�)Znk~(Hì? m

Z¤/Ãðz*.çEFCÅÀi}WBÙ�**eìÂÄ.îVÅ¢zg]Ñh�Ï? m

HW\tìw�D��W!*�~~Z��ÅzzWBÙÆ�´�~p~zZµ�Ï?YVBYV7 m

èÃg{!*Ñ�Ûc*Y]äúZxÅÒy��{p=VÃ�*¸0*õ',ÎV~»�&»g~ó.îVÅ®Z�~�ð
~ªCÙH�HìX 2 - p=VÆ°�Zzg�VÃZÇäÆ§i~gzú�N].zw

*¸0*õ',ÎV~WBÙ »Z���ZX 10% Zy�Û-V~*¸0*õ�wÆ�zgZyW!*�~~Ì½ã
~ªCÙH�HìX 2 »´�Zzg0*ãÅ�ø7!Æ�B.îVÅ®Z�~gzúp~Ã].zw

:0*õ�w��w¥â] 2 ].zw
.îVÅ®Z� WBÙ»´�)Znk~( �Ût

95 860 z
*.ç
E
FC

56 315 ze~l%!
Ð%Z�gßÅ̀ìXt�g,]î&¶»ZÖg�C�² R :Ð%Z�y%pÅ̀Zzg K z�s#:

µ�g,ÃZ+{&Z��ÃªCÙ�C�X
ìÂÄ.,È�`�? 95 Z¤/Z[.îVÅ®Z� m

.îVÅ®Z�~¶Ð»�&»g~»´�¾§bOW,�@*ì? m

.îVÅ®Z�~¶Ð£¾§bOW,�C�? m

W\Æìw~Ã̈K�Ût�&Ðic*�{OW,�Zì? m

HZy�Ûc*Y]ÆßÍVÃ�JyÅ»�&ÃYg~ǵe�? m

¾kZzgLÞÜ£¾c*öz�0*ã~ZÇðYC�XZ+�VÆPZzg**x¥xÙX0*ãÅº
Æ:L9)ôp.îVÃôp1gz�~ps��c*�HXZk§bÆ§i»gÐik,i}0*ãÆ´º
�ZðJ-í�ZzgÒóÆfg=0*ãÆ�ù�äÃÌÁ��ï�XF)ôp.,È�`�Zzg
1gz�~ik,i}0*ãÅR�.ÞÒpuJ-nV�ìX

Z¤/W!z�bå[�YNÂHZk´�Åi}Å¡]OW,�Cì? m

Z#.,È�YD�ÂZk´�ÆúZx�.îV6,Z®g�D�¾§bOW,�D�? m

W\Æìw~&ÑB{ð EEmze~l%w~�0*ãå[YV��H? m

ze~l%!~0*ã»D¾§bHYYå? m

0*ãÃ.îVZzg1gz�Ð',¹ÃZEw�D�ñ!*CÙ5Y@*ìgL�yc*Ái}Æâ´�y
J-0*U$ÑíwäóZé%#Öó',¹Zy%ZY]z){Æa°.ZV×ic*�{�y%a ²£43ðG

Gí B�&ÎäZzg
)ZÝrgs(�D�X

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j227
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°ZnãC�6,z*.çEFC))¡Í-ö
G
GÇîV(~Z�F,+�Zzgze~l%!)¡Í-ö

G
GÇîV(~ZdF,+�X

Zq-.ZVy%pÆñÌ~ic*�{´�ÅWBÙ¿~Ñ@*ì/ÚgßÆñÌÆót¾§beì? m

ZÏ§bÅqª(»Ãð�yùZ.�{�**ec? m

HgL�yZzg(,}�yÆaW!z�bÅ�!!7Vì? m

HW\ìw�D��Ë´�~CÙZq-Æa�ø7!7V�ãec? m

i}Å �zÅWBÙ¿~ÑYìÂe��À 2.5 Z¤/Ãð.ZV�.Þ»�&i}Æ m

ÆaÄ.îVÅ¢zg]�Ï? Znk 860 WÒg~

.zVÅ®Z�c*.îVÅ�Zð~Ã̈K¬ïZy%ZY]6,×ic*�{ZW,eZmì? m

ze~l%!~ËgL�yÅÀ�.Þ»�&i}6,]Zy%ZY]Ä�VÐ?W\Æìw~Zq- m

gN*�ytZy%ZY]Å¾§bZ�Zð�@*�Ç?

¥ÅF,¹ÆaÓ#Ö»j

(2002) :gL�âVZzg(,}�âVÆa.îVÆfg=WBÙ6,�Ñ:Zy%ZY] 3- ].zw
°�w°Zn.ZVWBÙÅÀ

7
1gzsÅ�Zð)Å~( �yÅn ÇîV

z
*.ç
E
FC

ze~l%!

gN*
(,Z
gN*
(,Z

130-200

110-180

90-300

60-200

25,00-70,000

25,000-65,000

22,000-50,000

20,000-45,000

qD',ÎV~â²y~pz°xZ4wÅzzÐik,i}0*ãÆZEw6,ic*�{Z®g��HìXgc*�&Æ
�´̧V~ik,i}0*ãÃ"Ñg�}k[z�Zzg1gz�Å5zZðÆfg=�ZqÐiïÏÆ³~ik,i}0*ã

¢a»]î�ZX (3) Æ�zgZygc*�&~0*ãÅRZz^ûS& 1998 - 2002 &Ò¹
ÿ
E»��HX�{W0+OZ6,�÷~

�g¹z�b

HW\Y��? !
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W�z*.çEFCZzgze~l%!ÆgLZzg(,}�zâV§bÆ�âVÅWæã»�t�,X

ze~l%!~gL�yÆaÃ́`ic*�{�jì? m

z
*.ç
E
FCZzgzel%!ÆgL�âVÆ�gxyH�Ûtì? m

z
*.ç
E
FC~gL�yÆaÃ́`�JyÅa»ÌZ^wZzgÎ�q�$Ëì? m

�t¥xì��JyÅ̀Æaic*�{0*ãy%a�@*ìQÌgL�y�JyÅ̀ZÇä~ m

�pgnp�XW\Æìw~ZmHzz�$Ëì?
»�D�ñz�b»�âV6,HZW,�@*ì? m

HW\Æìw~ze~l%!ÆgL�yÅWæãZkÆZy%ZY]Å0*OðÆaZi'�Ï? m

HW\tìw�D��ze~l%!ÆgL�yÆa»�&»g~&k!*h~Zq-�j&ì? m

H�yÃZK¢zg]Å�ÆaË�zu}&ÃZ(g�**ec? m

¬@¬Æa%�/ÆZq-6,Z7½ïEH)\gW!*�Ë:(�ik,i}0*ãÅbàÐ0ìä��ÂV
~È�D�ñ.zV~�z!*g{0*ãÅR(,Jä~çzy�ZX

Zkä�âVÆÎ0*ãÅÑZ�'z�Åj,Z�ÛZðÅXZkägL(,}�âVÅËqÐ
 (Dripirrigation) ¤/z:�ìG�Zq-�W!zaÃZEw�Mh�VX�âVÃWBÙÅ"5½5»4ø

G
G
E
G�»§WÒg~

z){)tù¦îg6,pg�WBÙ"5»45½ø
H
G
E
GBC�(ñ&4-ö EGH[Æîg6,!*glÆ0*ãÃ¦ (Sprinklers) øzsF,i

yG�Xtg�î¥/ñÈ�{1gz�Ã�z!*g{bw�ä~çzy (Soak pits) �äÆag�î¥/ñ
�ñX¤/Zz&+zZR,Åic*�{Ðic*�{fíÏÆaik,i}·î~Ç�Zzg)XèÃ½D�ñJ"ãR�ZðJ-

Zy�Ü¯VÃ\.3ïEHc*ßÆfg=  T¢a�Ü�»gG�X 30 4Æ B�ðZ�MX\.3ïEHc*ßXk
nJ-;c*�HT~AZzgè½~�ð¶ZzgZj4+§jÐik,i}0*ãcCc*�HX

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j

:�V6,Wæã 4- ].zw

°�w°ZnÀWæãgzB~ LÞ&8-CÕä EEEy

¾k �Jygß �Jyy%p
�yÅn ÇîV°Zn×WæãgzB~

z
*.ç
E
FC

ze~l%!

(,Z
gN*
(,Z
gN*

8200

7046

10698

9128

8700

8490

5970

7380

3300

3110

3595

2650

25100

29535

24263

22189

4900

10889

4000

3031
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¾§bÅY$Ëì? (Recharge) .îVÅ!*i½Zð m

¾§bæ�Çg�$Ëì? (Recharging) ze~l%!Æ�âVÆaÈ�{.îVÅ!*i½Zð m

tR�W!z�bZzg�âV6,ZkÆZW,Æ0He@*ì? m

0*ã�&Æa: 10.1.1

z3gZ0*ãì�«gÔxz){~0*c*Y@*ìX{0*ãÅÀ 97% �{Zgn6,�ø7[ÀW[»
�)�{0*ã»½â�zäð�@*ì(ß',ÃãÂ�zVÅ 2@*1.75 ��ìT» 2.75@*2.5 lZgÜs

�ÐÌÁ0*ãRi}6, 0.01% ik,i}{0*ãzi}Å&Å^~Zzg 0.8%@*0.7% ^~
�gc*îVÔ*VÔ�à´̧V~0*c*Y@*ìXqÑè0*ãÅtlZg**»°ìQÌZkÆ�ZÔZ:ZEwÐ
ic*�{æ]J-�ø7[�ÇX

W\Æìw~ë0*ãÃ¾§bfZg~Æ�BZEw�Mh�? m

z
*.ç
E
FCÆ�y/Úze~l%!Æ�âVÆ4qª(~YV�? m

ze~l%!Zzgz*.çEFCÆ�yZLik,i}0*ãÆz�bÅ¾§b!*i½Zð�D�? m

F,¹W!z�bÆ4ZEw~��CìXZk|Åz�s#cW�fs}�~�RZS~
»x@{�,X

:Ã@*-ÇîV»ç¤&_·óW!ZOð~[ÅZq-n II - R 10.2

t_·�tec*ì�¾§bßvÇîV~o�&gÉðÆ:L�ø7[0*ã»9ZEw�D�X
~X Ã@*-ÇîV»uz}ªCÙ�@*ì�Z�ZY

¥ÅF,¹ÆaÓ#Ö»j

)W!z�bÀ��z�gc*îVc*0+-VÆ (watershed) iâ:�*~��ÂVÆuz�»ê6�JgZ&Wqâ
�gxy»i�F¸(ÅãC�6,�zâVÇîVÆ�gxyïÏÂxÆZq-��N³�D�ñ�Z�@*åXZ,uz��&
Zg»yÆa�Yîg6,�.ÞJw�Z�D¸X

�g¹z�b

HW\Y��? !
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gL (iv) '×�zg~å[¶ó (iii) pZ0+ÏÅÑbÁ¶ó (ii) WBÙ´�Å/ÚÈi}»´�ic*�{åó (i)

ÇîV~0*ã (vi) �VÐaZzZgÁ¶ó (v)
²£43ðGGV~3�Zzg�g�Z]¿Z�zc*]»ZEwic*�{åó
fíÏÅÃðßg]7¶X
W�x@{�,�ZkÇ�V~¾§baZzZge$ZzgWæã)W!zi�F

+
B©�

ö

G
EE

Z�Zâ](~Z��Æa�4
Z0+Zi~Å�X

ä�ó̧Z�ÛZ�Ã(,~uJ-¥â]�ÛZë (ICRISAT) ÎZŅ̃Zò�óZ�Zg{',Zñ4È¤/x£â]
�D�ñi�FDZzgÁÑLW[fíÏÆa8æ��ÛZëÅXtZ�Zâ]ZÐZ�~�yzZgó�B�ñ�

. ÅãC�6,K�XZkÅzzPz�bÃbw�äZzg�vz�bÆD~æ�B@*�z{L:»�V
Hì?kÆZdwH�?ZLyÐW�D�ñg7g^»gu<X ICRISAT

ñ�Z®g~æZì: 10.2.1

300 zg~&ß\.3ïEHÅµ(XÅfí{�äÅRö (13) �
854

è

EG

G)Zq-èÅZzg¾{ 14 W!fí{Ã
45¿.ç XGH´�6,åGY`�X 38 gLg�î¥/ñZzg¢5Ô.ç

E

GH� (60) ¶yÅ�X�J m3 2000@*

u~gZx�¤/6,Z7½ïEH�7_0*ez6,Z7½ïEHÆ**xÐÌY**Y@*ìX�gc*ñÍ�Zzg~6,¯6,Z7½ïEHìXLLtË:ÆZq-
(,}´ºÅi0+Ï»fg=ìóót{m�WBÙ6,Z7½ïEHì�I�*ôózgøó¬�wW!*�ó&Ó½5å EYEH{Zzg

²�+
êÅ¢zgc*]Å

��@*ìp�zu~gc*2V~Í�Zzg~�gc*6,
Åzzic*�{F,0*ãË:Ãî (Dams) ¶_V

ÐI�gzu1YäÅzzÐZk6,Z7½ïEHÅ
ZÃ�e$��ìX

u~gZx�¤/È

:Lg~ìÈ 2 - ^ :ñ�Z®g~ßz\.3ïEH»�X 1 -^

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j

HW\Y��? !
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È�{.îVÅú~�y�äÅzzZzgÔ�ñÃÝ0*ãÃZk~fí{�heÅ (28) ZVK

zz!*i½Zð�ðXCÙW[fíÏyÆaZq-ZEwàzV6,!h4�)ÿ
IG

¤/z\»gH�HZzgCÙfíÏ�|#~0*ã
¦HY@*ìZzgÜsik,i}W[ZzgÈ�{.îVÅ!*i½ZðÆa�ZEwHY@*ìX

�y&gÎXZ®g~æZ$ 10.2.2

�yXZ®g~i}6,W[DZ�Zâ]ÃZÐZ�~²£43ðGGV~ÑÍHY@*ì�¤�{Hg~g&À£é GYgc*V
gppzZÑi�F¸�@*ìTÆ)gzVÐo»g~Å�ð�CìXt (BBF)(Broad bed furrows)

45¿.ç XGH²£43ðGGV»È¯**ó!*gÙ0*ãÆDÆa)gzV6, 38 Óxi}Zzg0*ãÆDó3�ÆZEwóZzgCÙi{Üàó
Gliricidia È¯äÆa»gWæ�X²£43ðGGVÆÈ6,ZyÃL�äZzg**¶zXÐ½äÅ¾nÐ

óZq-̂�Zg7�Z�È´̧V~6,zgl0*@*ì(ÃZÇc*Y@*ìX Madri 7�zV)æg~

(Drip irrigation) ú¤/ZxhiZZ+qÝÅX»§WÒg~ 50 ú¤/ZxOZzg 250 �âVä°45¿.ç XGH´�
)�( 2% �0*ãÅCÃÁHYYìp$+¬Ð�*½~Üs 70 )Zq-nÅy%�WBÙ(ÆZEwÐ

�.Þ»�&i}�Zk§iÐ»Þg~²-Cé GECìX
�i}»�ÛzrZzgo»g~ 10.2.3

vuÆ)gzVó²£43ðGGVÆ_V6,Zzg**ßV&1zV)gzV6,7�zVÅÎ�qZâZqÃZÇc*�HX

¥ÅF,¹ÆaÓ#Ö»j

7�zVÅo»g~ Gliricidia EÆ_V6, 4-^ ¤�{Hg~g&À£é GYg~ 3-^

�g¹z�b
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¢aÆÃ,Lg~ 10 ¢aÅ�~6, 0.3 �Å
¥/ñÅ�}�XZyç̧V~!V&Ñfz�v
»gWæZâZqÆ�g|#Îñ�Zzg�6,

Æ7�}Îñ�]VÆ�g|#Zzg Gliricidia

�g|#Îñ�X 2500 �ÍZyÆ
ÃN*-R�z�bÅbàÆ�zu}'×h+§hVÆ0e@*ì? m

Z[J-Æ_·��{R~W!z�bÅbàZzgDÆXfgZùÐëzZ��ñ�Zy~ mç
P¬xfgZùH�?

~Â��{ç¤Æ_.)â~.:eZË*e~gi+~u',Z{zZR,)ßYWnóZ}Z+YWgZ¤/ê 2004Í
-Eg;ó©gW!*�»7��{ó£!>ZyW0+OZ6,�÷~W[ZOðóó(

)DÙZg�Y,-¢3ï EGH( TMC 3814 Ë:ZzgW0+OZ6,�÷~�ø7[0*ãÅ]lZg
K*Ï 2268 D WBÙÆa
K*Ï 21 D ywZEwÆa
K*Ï 10 D ØVÆa
K*Ï 1 D ð&ÂZ**ðÅaZzZgÆa

K*Ï 2300 D ZEw�{ÀlZg
TMC3989 J-�g»glZg 2025 TÐ

W!z�bÅZ¤/ë�«:�,ÂW\Æìw~HzZµ�Yì? m

W\Æìw~ëw~ZK¢zgc*]Å�¾§b�0*NÐ? m

HW\B����zu~gc*2Vc*�áh+�zu}�´6,ÌZ®g�**7,u? m

HW\ZkÐ5�?YVBYV7? m

Høg~gc*�&~»Þg~ZEw�äzZà0*ãÅlZg~]î�Yì?ù? m

Wc*»Þg~Æ§i»0*ãÆZEw~¶ÆaÃðgzwì?)Z�ág{:ze~l%!Zzgz*.çEFCÆR0¨gÙ( m

HW\Æìw~0*ãÅ�ZzgZkÆZEwÆa�ây�i~Å¢zg]ì?Z¤/;VÂYV?Z¤/ m

7ÂYV7?
W\Æìw~�vW!z�bÆfg=H�´�ÅWBÙ�zZð�ìX m

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j

:�i}6,o»g~ 5-^
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ik,i}0*ãÆzaÅ!*i½ZðYVZëì? m

�gc*Ngc*�&ÃAÃZ+{à**ìÔZÚÃZ+{àä~**»x�g��?YV? m

aèik,i}W!z�b!~Ð»�DYgì�ÂZkÆ��wz�bH�? m

tÎa��Cì�0*ã�.Þ�h+zaìp�tY'ec�z�b»)öz�Z¡w¹V
UN D P  ( U n i t e d  N a t i o n s  àñÇX

ÎZŅ̃ZòF,¹6,z¤/Zx Development Programme)

1700m3 Æ_.LLË´�~�V°¾�Ñ:W!�ÛZb
Ðn¤/CìW!z�bå[�gì�óóXÎZŅ̃Zò

2025 Z�Zg}Å½ZZzgigZ®)¡Vät&4jè FGIEÍðÅì�
tßvZy�´~c*èV~g{gì�VÐ 1.8J-

�VÇW!º�ÏX

W\Zk´�»�VW\gT�ó0*ãÆZEwóßZEwóZzg!*i�zge$ÆZ§hV»
_·ÙXZLZ�E+{z�z2VÅZ¬-$ÐZq-ÎZÜ)»gÙZzgZk¾nÆaZLDÆÁZiÁ0*õ
yzV»_·²B/õ EGZkÆ´z{0*ãÆÓxÃ�ÛZbÆ§hV6,cÙZzg5gZ��lÙX

øg}Z§Zs�gCz�b: 10.3

i}Æ�gCz�b~�Zó0*ãóèón*]óZgïó7�}óZzg³Z**]�áï�XD�g|Zy
z�bÅ�N¸wì@*�Z[Zzgw~ÓxY0+ZgZâYZ.�{�]»4èG�

øg~�YÆa¢zg~ÓxZâY�½Zó0*ãó�ZóZzg�¿y�gCz�bÐqÝ�D�X
Zy~¼z�bZEwÆ��z!*g{bwKYMh�XZzgtz�b$+w5+k,c*�.Þ�h+z�b

BD�X�vz�b�g»i~Zgï�z!*g{bw7GYMhXZq-!*gz{ZEwKY`�VÂ

¥ÅF,¹ÆaÓ#Ö»j �g¹z�b

5% �vfgZù
15%Û

37% 1,
43% ik,i}0*ã

:WBÙÆz�b®΅� 6-^
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z{åÆa»�`�XtZka�Zé»g~ÆaZq-îsæ]�g»g�Cì²ZïÜ�u®)Ð
¿~W@*ìXt)$+w8,k,c***�.Þ�h+z�b34è XG�X

ßvZÒ¡~z�bÃ�ù�D�X³Z**]»{]Dg�@*ìÍ]»Ìc*HY@*ìXTÐ
i}!�ZZzg0*ãÐgZ�&ZW,Jw�CìXZzgZkÃvy(ìXig&i}»�YCìZzg**³»�&
»g~¿Åzzi}»ÉîzZµ�@*ìXZgïÅ�ÛZb»�YCìX0*ãZzg�ZWß�{�YD�X

Z¤/z�b»"Âµz"ZôïÆ�BZEwHYñÂ¹z�b»�YîXZ¤/�ZÔ~zâCÙZ:îg
6,ZEwHYñÂ¾»**�.Þ�h+z�bîs²�J-�ø7[g{Mh�DÆfg=óßv**»g{ZâYÃÁ
Zzg¡~z�b»�Û(:ZOx�Mh�X

*¸�z�-VÆ�zgZyZK̈ãW!*�~~"Z�Z���ZìÔ�zh;ßvz�bÃó½ZÆîg6,ZEw
�D�ñyzVÅy�D�ñó�âyÅ»g~Æfg=ÜzÜz',¹ÆaZgï
ÆaZEw�D!~Ð»�D34è XG�X6�ëY���i0+Ï»ö�gC
z�bÆZôoÐZEw6,«ìX

z�bÆDÅ¢zg]ZÒ�v¢zgc*]Ð�ZYCì¼ßÍVÆaÍC
vy�âyÆ (Timber) ´�XRVÆªxÆa4+£x�@*ìXZq-a�

aZL´�Óx�g½VÃ»ReìÏXÃð�gCvi}ÆË¸6,Zq-¢5¾æ EGH~c*�á�
âwy�**eìÏtÓx¢zgc*]ZK(&Ò¹ÿ E�g�&�pZyÅzzÐZy´̧VÆ�g|#7�}Zzg³Z**]
�ÛZñl��ñYD�XF,ªC»ñVÆ¯ZZ+»³Z**]Ã�äzZávyÐ�Zy£â]Ðò�5
jPeð&+D�z�bXÅ�w~¢zg]�Cì)�0*ãZzgÇ~(Æ&Ò¹ÿ E»�Yäc*
ZæÑhvyÐñZi:�**ecX

W\ZLZ§ZszZµz�bÐ0*ãÆÎZË�zu}zaÆ0TÆ%W\g{7Mh¨g²B/õ EGZzg m

ZkÆfg=ó�ø7!Zzgqª(6,Zq-¿*ysX

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j

�*ÆFèV~W!ZEw~�h+Z]6,¿�gWæ�@*ìXW7´~óÈ�àÅzzaZ�äzZàºÆ
!*)̄Z»gzZÇV�øzsF,iZEw�D�ñö~r»î�**óÇh-VÃ�ð**óaw½Æ´�Ã0*U$ZEw
�D�ñ�s�**ZzgÎ37wÃ�z!*g{_m,�**z){6,�h+Z]¬Z+�X

HW\Y��? !
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F,¹ZzgD�zâV@*wéÐZq-�zu}Æ�Bg{Mh�XZ¤/ëâjwÃw~z�bÅ�ø7!Ã
�·y~gnp�ñZEw�D�XÂt�ìg�zZàF,¹BCìX¹ÐZ,z�b�XÆ4+
ZOxZzgDÅZzgZyÅ@*�k,�ìgppÅ¢zg]X

W\ZLD~Zq-zaÆZ¾ZxÆa�vZô[ÃgZá�äÆaH�,Ð? m

Ã@*-~ÇîVÆ£òZ�ÛZ�ä�ìZOðÃ¾§bg�qH? m

k:Zq-Zë�.Þ�h+za 10.4

W\tYVB��Í]Zë�?

CÙ',ZW~ÎZñ',ZWZ}g"1¹é GGÍ]0*ñYD�X7�zVZzg³Z**]ÆaZq-ig&zËj-$
ÅwÐÍ]�*ÆaÒ»»x�D�XZzg5i0+ÏÃK�Æá-V&kc*]Æ&y»»x
�D�Xt�"Ñg&B}Õä]�ÛZë�D�ZzgëZæqÝ�äÅpZé~�ZqÐizF,����D�X

Ç~ÆZEwÆa»Þg~Å¾nÐc*F,¹ÆÄZyÐßvÍ]»Ìc*�D�XCÙ�w
�ZnkÍ]ÅÉðÅzz»�YD�X 36 i}6,Ð½ã

So2, Co2, Co ÍCÉðÍCi0+ÏÅjÕVÃn{��îìZzgi�FÉîÃ(,JCìtcY~
Global )Î¤/+;îkµ4mø

Y

GÌ¹Y@*ì(uVÅZb%ZY{g`�C�TÐZgè�{Åu])

z»g�äÅf)�ZgìÔÍC 15% (~Z���@*ìXÍ]ÅÉð�*ÅÀ!yuV» Warming

ÉðZyßÍVÃÌ¢gàCì�ZK�YÆaDgÆaóÍC&B}Õä]¦�D�ñZy6,Z®g�D�
âjw�z�&Í]ZÇ**w~z�bÅDßg]qwÆaZ0+6**uìXZkmÐ�áh+�gZ1y
ÆbðeÃXëZ¤/Z%ê�-~óZkÅ�ºZzg£òÇîVÆÓxßÍVäZLÇîVÆZ§Zsk~T
§b�g½VÐf�ZKY3�Û!*y�D�ñ�g½VÅ�«Åc*��,Â�Zk|»Z0+Zi{�Ç�D
ÆaÃð�q-¾�gx�$ËìXz{!*��á{z�ÜÆûÅyÆaÇ~¦�äÆ�á�¬ÆÜsZî`
�gìZ̧zgZq-bðÆîg6,6,Zð!*ë¬�äÆaa�Õ»�Ãq�gì¸X

ZßßV»Zq-ÃLìX 29 t¡~z�bÆDÆaCÙbðÆG�Ç6,�

¥ÅF,¹ÆaÓ#Ö»j �g¹z�b
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W\äZKgc*�&Æ74-Bð FGEFZzgÍ&+FÆ0Ì7,J�ÇZzgW\Zk!*]ÐÌWÇ{�f�ZrV
ä¾ZôoÆ�B¡]Æz�bÃZ~.HZzgZyÅ�h+~Z¬-$ÅX

W\ä)®)Þ~øg~gc*�&Æ8-Bð FEFZzgÍ&+ZDbÆ!*g}~_·Hì�z{±i�çbz�b
ÆDZzg�h+~ZCzZ�Z�D�X)®)Þ~Í]øg~i0+Ï$»jZ!kX

Pâjw�z�&Í]Æ§jT~Z�ãZW,Z¼gÉðóf~V~¡~!*iaZöÐZ.�{�**óZzg
Z¼gÅÉðÅ�"5»45½ø

H
G
E
GÃF,u�**�ËkÐZd�g~�g½Vc*ÓxZz��g½VÃïw�bX

Z¤/�g@!*i�zge$¿~ÑD�Â�g½V»DÌHYYì}eÑZzg!5½h½ð G~ßvig~»½ø�ð
Æ»½óÖ°»½Zzgk}Ã�z!*g{ZEw�D�XXZ¤/�g~�*ÆÀig~»½»ÛÌ!*i�zg�zZc*YñÂ�*½
~6»½ÅÔÃ(,~uJ-7gZHYYìTÐ�{²nÆF�g½VÃ»UÐgz»YYìXZkÆ´z{
¼a|&B}Õä]Ã��wZâY�!*÷ó�¹!%0*äzZÑZq-§b»vkìÐ$+ÑYYìX

(Soil i}) 10.5

i}½ZðaZzZgÆaÑiòìX�øg~¢zgc*]Å�VÃZÇäÆaZd£g~i}Å
¢zg]�CìXÍ]~%0*äzZá7�zVÆaÌi}.e$ZëìX�vFZlxÆ�]�
7�zV»Xîó³Z**]»Di�FD6,«�@*ìÔ

**³»Þg~§jó�Zq-�£x6,Zq-�nÅ̀Úz¼�!*gZÇ**ói}Ðkc*]Æ'»
:LáCìZ#�y÷V6,I»g~�D�0*ãZzg!�ZîVÐi�FÉî~Z���@*ìX

i�FD»Zq-§iLg~÷ú«6,£ZÇ**ìXF£�hó[VZzgvkeyyÆ²n
~c*�Z½ÆgZ3Æ²<��wdV~ZÇðYC�XZ£ZL].ZÇ:a%ÂxZzgêVÐi�F
ÉîÃgz1~çzy�C�Xºt7�zVÆZÐZ�~¶¤/z:Ã�ÑCå{�**�zu}7�zVÃi}~Lî6,
Z*�{g�~æ�QìXt§iÉ̀»g~B@*ìX

:(Bio diversity)  §Càq 10.6

§Càqi}6,ZZlxÆ§CZ�x»W!*�gxìX¡]ÐXZ¯ZZ+z&B}Õä]ÃëqÝ
�D�z{§Càq6,Z®g�D�X��ÛZb½Zy~ZâYZzgZ�zc*Æa�B��sz¡j¸
ZgèÆaFY0+ZgZ�x6,Z®g�**7,@*ìX

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j237
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Z#Ãðâqnzx�YCìÂt�*ÐåÆa»�YCìX�0ZâVÆZq-Z0+Zi{Æ_.
ic*�{ìXßvDgóWß�Ïój�Z�sÆfg=§C (1000) nzèÅñ��{Ñb�gCÑbÆ£.ÞDÙZgkH

àqÃç**uÑbgëgÐ»�gì�X
ZylZzgZ½ZðfgZÉVÃD¯äÆa�§CàqÃXäÅ¢zg]ì§Càq½Z�

7�zVÅZâZqÃZ�zc*Æîg6, 70000@*50000 Ð}ic*�{ZÌ»qïìXVwÆîg6,�g~�*~
ZEwHY@*ìXË»ßã~Ãð!{iZgZq-4+Âg{7�@*ìpHW\Y���Zk!{iZg6,
ñ��vkÅnÃZÇäÆa7�zVÅFZâZqåîg6,n{ÅIXÀ�!{iZg6,ÎäÆaZknÅ
vkÃ�zu}�´ÐÑc*Y@*ìX

ZL´ºÆ!{iZg»)Z¤/W\Æ´�~ñ���Â(x@{ÙZzg�¶�t¾§b�ìg3Y@* m

ìX

!*½yÐt¥x²B/õ EG�z{z»¯»XZZâZqÆ7�zVÃZ3h¥ìX m

W\ÆyÆZ§ZsÄZZlxÆ�Z]0*ñYD�¥xÙXHW\ÓxñÈV~
Z4ZlxÆ�Z]»x@{�D�?�Z]ÅZlx»Zq-].zw&u»gÙX)Z¤/W\ZyÆ**x7
Y�ÂÃð**x�Øc*ZL),gÍVÐæ�³(ZzgZy�Z]Æz̧qÃCÙñÌ~ÁZiÁZq-ßJ-â�̂D
gcX�vñÈV~t¿�CÙZ�XZk§bZq-�wJ-x@{ÙZzgZ#W\Æ0*kic*�{Ðic*�{Zlx
¦�YNZyÆ0¥xÙXZyÃWÒ{�wÌáZF,x@{Ù�Wc*z{¸T$Â7�ñX

¼ÓáVäÍCi0+ÏZzgZéjÕVÅ�«Æa!*¸]Zzg_5¼Bð EFg~�ìG�XtÓ�Dg
�äóT»Dg6,0*È~Îg�ì@*�ZâZqÃnzx�äÐXc*YnX

g»i~Zgï: 10.7

g»i~Zgï�*7�zVZzg³Z**]Å!*ª]ÐaZ�ZXZk~Ã́ðz@)%(Zzg�gC��áï�X

¥ÅF,¹ÆaÓ#Ö»j �g¹z�b
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g»i~Zgï�H�ÛZë�D�? m

ZyÆDÅYV¢zg]ì? m

ñR,Çh-V~ZEw�äÆ´z{FZq-ZâY
�ë°iâ:ZEw�gì�ðz@ÐqÝ�C
�X�ö_5½øHó@*dg',ó0*gp�**^yóZ�zc*ó
»
\)45½

ø
G
HóñxóÌð&B}Õä]ó?WÑ]z){
�g»i~Zgï»D�**ec@*�ëZyÐ
øzx:�YNX@*ëZyÆZEw6,�h+Æa
�vZëz�;]Ì��Zæ°äÐWß�Ïa
Z�CìX�0ZVg»i~ZgïÆ��wÅ�l~�Xz{�.Þ�h+!*-AÖ)§CZgï(Å»g~Å[
�gì�X�ñR,Çh-VóR,¾`ä~»xWñXZrVä0*ãó�ZZzgÎg̀Æfg=',¹aZ�ä~»x!
qÝÅX

CÙÃðg»i~ZgïÆZoZEwÆfh=Zm�«~æ��YìX
Z#W\ÑQZzg�vZ9Z7-�âyZEw:�gì�VA$Z7ÈgÚX m

ÂZ**ðÅY�äzZáWÑ]y%h+�X m

Z#Le�awc*»6,^ÙZzg¬xÜzÜfgZùZEwÙX m

fZCÇh-V~̂�äÅOñgsÇh~'z){�êR,Z¡ĝÄ»ZEwÃF,ß�b4�@*ìX
W\ZK)®)~Zk6,cÙ��`Æat¾§bæ�Çg�YìX

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j

7% �gC�

24%%

1% âZC

24% Ãå

2% �v

42% Ã́

Xyz*y~Pz�b»ZEw�{� 8-^

7�}Æ�VÃ§C (Jatropha curcas) YF,zÃ�»k
ZgïaZ�äÆaZEwHY@*ìX�Á:�äzZàÂZ**ðqÝ
�äÆyz*yÆöy»Zq-zìX�{W0+OZ6,�÷äYF,zÃ
o»g~ÆagÞbZ&+7~Æ�Bg�ç@{H�ZìXvä
»JeZ~YF,zÃ»�&Æfg=Zd£g~§CZgïÆ�wÆ

Bio  - Zni}ÃÉHìX§CZgïÅ»g~»¿ 200a
B@*ì Esterification

Jatropa               Jatropa seed

HW\Y��? !
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n*]: 10.8

{xn*Cz�bÅi}Ð�ÛZbç{Ð�zegìFnyf{],XÅ¶K0+�Å�ZzgïÏÑÇ¿
»gH�H»�`�Xn*]�Z>4Zzgß;z){Å²CåFJÂVÅ¶K0+��**ZzgZ~.�**Â��HìZzgZé

©(,fYg��XTÅzz�ZzgZziZgQ�DYgì�X
âjwÃy%Z[zZF��ï�Xèó7�zVZzg (MTR) »)ÆF§j�âîQN*\g_sâ&45ë JGE

Y

³ZãjÕVÃn{��ï�Ô»)ÆF§j0*ãZzg�ZÃWß�{��ï�YèiCÙY6ðâ�}Z§Zs

ÆâjàÂx~{g`�D�X

ßvZy�âV»)ÆÜs�z]�äÑ�X
ZLZjwÆÃ{:c*Z¶gZ]ÐZKgc*�&c*7,zÏgc*�&ÐZ,Ëq�XÃqÝ�D�ñZk
ÆZW,Z]6,Zq-d-.5é GEgÂÙX
Á$}43ü
GE

G
G»0§jZzgZâYÅ!*i�zge$nãz�bÆD~çzy�fX}Y0*y~ñR,»g»g

�äzZáñR,Çh-VÅ»g~~ZEw�{FZâYÅ!*i�zge$�D�Xgc*�&�{Z%M~¯Zq-
äðß;ñR,Çh-V~ZEw��{ZâYÅ!*i�zge$ÐqÝ�@*ìX

»g<X Scrap Box FÔ�ZðÔæzb%gZzg0*ãÅÂZ**ðÆ0¥â]Z��Æ m

EàðÂZ**ðZzgâjàÂx6,QkÆZW,Z]Ð0yÐW<X m

DXZq-**¦/k,m{§: 10.9

LLD~�pÃð_.!*CZ%7ìÉZq-ZTÞ|Å�gc*Äì�øg}Gz�/»g�Z**zV6,WDg
¶Xyz*ã�d$�t1Cì�i0+ÏÅÓxZDwXZK̈yó³Z**]Zzg7�}XZq-�zu}ÐZk

Y~yz*y 1980 &âga 6 �g�ÛRîg6,Ý��Zq-~ñ�vÓx~°xÂZiyaZ��êìXóó)
~¬@�CÕiÆW¸iÆñµ6,ÑPZ0+gZÇ0+SÆ¾�¿(

~9�´ZLâj1Cz�bJ-öz�g;�D¸XpqDZ°Z�zÑgeD��W`&4èGGE 1960-1969

aåðZ̈KãW!*�~Z,�´~Âì�ZKaZzZg~ZT®)Ðic*�{Üs�CìXâÅg�ðX«ìQ
ÌëZCZÐZ�~gzwgnp�X

¥ÅF,¹ÆaÓ#Ö»j �g¹z�b
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DÅ�gLgL�x(,~»zl0Mh�XDZzgZOðÆÏH�HÃ@*-»Z²Z�ò�/�H
e@*ìX

Æ0W\Ã¥x�ÇXz{Zk§b�X R âjwÅ�YÆaeg
§*�Z9�g�&�zZ�ó�ázg»ZEwÈ�Æë0*ã»D�Mh�c*)¢zg~ÑQZzg (: Reduce Xf) 1

ÏVÃÈ�Mh�XÃð�vqzV6,̈gÙXÆZEw~W\f�Mh�X
HW\½d$ÆñZµ6,Ò]ÐgzÝ�**¢zg~B�X m

z{ZâYÎZÒW\N�beT�8o/õ EGg�~»½�7�zV»D (: Reuse X!*iZEw) 2

�YìZzgÖ°»½�Wß�ÏÃÁ�@*ìX
øg}z�bÃXñgppÆaÁqzVÃW\�z!*g{ZEw�Mh�? m

tz{¿ìT~Ãåâ�zVÃ�âyZzg�zu~ZâY~psHY@* (: Recycle X!*i�zge$) 3

ì}P�J'hó»½z){X!*i�zge$eìåZq-4+ZN[c*I:�Yè
ö8Å!*i�zge$Zq-#-Cå FGFZg¿ìZzgn�;YìZÝXö8Åë{F,0ÌâÎ~
7æ{�@*ìÔæö8ÆZEÑ]�Zã�ZkÅZlx�XaèZkÅCÙnZkÅZK
�|#F,IÆZ±gÐ�!*i�zg~ÑðY$ËìXZkaZkÅ!*i�zge$ÐI.e$
ZôoÐi%{È~Å¢zg]gSìX

yÐg�~ZâYÆZ=YÐIZyÅZôoÆ�B�ÑCåÏYV�**ec? m

ZÒëg�~Å!*g~ÃåZâYÅïÏÆÊ-öGö8$gnp�Ht9¿ìX m

Recover !*ic*! X4

ØVc*ÜzÜÆnvÃVÅyÆnZ#ë�g½VÃ»^�ï�ÔÂ�zu}£â]6,�g½VÃZÇ**Ì
- .e$¢zg~ì

âjwÃç{ÐXäZzg!*ic*!Ã¿~ÑäÆnZ6,z¤/ZñVÆ!*g}~I�<X m

<X �g½VÅÃcZEwÅYäzZá&½545ë GE
G
EÆ!*g}~¥â]Z�<ZzgZK)®)~I� m

�g¹z�b ¥ÅF,¹ÆaÓ#Ö»j

:!*i�zge$´#Ö 9-^

:ÃåZâYÐ 8-^
»g��{!*g
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Xî¤/z: 10.10

Ó�Z,̧Z2**Ç�g���ÜZs#�D��Ëi�FÃ̧¾§bZEw�**ecZzgÁ
´̧VÃ!*¸]ZzgÍC³Z**]Å�«Ç�VÆîg6,��**ecXÓ�âjwÃWß�ÏÐôpgpp
Æa̧Z2Ã**Ç�g��X�1m,~Wß�ÏÃ�1~gppzZáWÑ]Îä»²zxZÒÓ�z�bÆ
DÆaF,µCZæZ��ÛZë�C�X

Ð FÎZŅ̃Zò"3�)4è
GEE

GÌz�bzâjwÆDÆaz��_�XZyÆZgZW!*gZãÍ]óç{
�zeg³Z**]Å�«Zzg�ZÅÌð�Z¾ZnÅZ¬-$�D�X

~�ì��{ÓáVZzg{�¤/z:»Zq-Z·ZuìX 1948(IUCN) ÎZŅ̃Zò̂',ZñD¡]
Y~Zk¤/z\ä¬@DÕiÅ 1980 ÍCi0+ÏZzgjÕV&DVÅ�«»»x�C�X IUCN

ÆâewÃZL
+
B©�

ö

G
EE

öyÃF,¹�¶ÆaZEwHX´z{Zi, IUCN ?m,7ÅX9ÓáVä
�g~�*~ç{Ð�zegÍCi0+Ïó¸ò!*¸]zDÇ�VZzgâj1]6,ôZãgBbìXÃ@*-Å IUCN

Zq-Vw³XDÆa£òßÍVZzg"3�.3ð G
EE

GVÆgzw6,cÙX
HÜsÎZŅ̃Zòó¸òzgc*4"3�)4è

GEE

Gz�b»Z¾Zx�$Ë�?ZOðÆå¿~Ãy�áï�? m

W\ZzgW\Æ�z�&Zx[Ëza»T§bZ¾Zx�**e�ÐZkÆ¼§je�? m

HëÌ¡]ÆZëz�b~�áï�?¾§b? m

W\Æy~°-xZEw�ä0*ãÃ{k~¥xÙ?9sV~Zã0*ãÅ¢zg]ìZzģò m

Z[z�ÜW[ì�ëåîg6,�F,¹Æn� £gÆÒpÐW\ÆnH0*ã»°ìX
�gCz�bÅ¢zg]ìÔpi0+{�ÇVÆDVÅn�Zzg',!*�~Å76,CÙ¦/7XW`øgZ¹
(,ZZzgZë�Û9ìóWäzZàYVÆn�gCz�b»D�**X

¥ÅF,¹ÆaÓ#Ö»j �g¹z�b

g�îÛóy%�WBÙ1gz�óbàe-}ó§CZgïóLg~$4i�5ÿ G

GZ̧gè»Þg~ó�ZOð

(Courtesy: V. Ratnakar Reddy, Centre for Economic and Social
Studies, Begampet, Hyderabad - 2003)
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z�b»Z¾ZxZyÆDZzgbàÆa¢zg~ì? m

À�z�bË£xÆaºm�D�Zzg£òßÍyÃec�Zy6,NzwgOX m

z�bÆZEwÃÁ�D�ñZzgZyPÃ�z!*g{ZEw�D�ñßÍVÃâjw6,¶�!*îÃÁ�äÅF,(�becX m

�ec�z�bÃ&ÑB{ð EEmg»i~ZgïóÃ́Zzgðz@ÃZôoÐZEw�,Zka�z{�y%»�YD�X m

188.8 ÆZ!xJ-�{Zgn»]]�%fí{ 2010 ¬@ÂZ**ðÆ�y~7��{!8Ñgc*CÃU*ãÆ_. X1

�wJ-Æa»xWYìX%ÆDÆaHZ�Zâ]KYäe�?Z¤/ëZm�« 46.2 �HåXtWÒ{
(AS1) :�ÃÂHzZµ�Ç?

(AS1) Zq-̧ZSbìóZkÃ7,�4/õGGZzgøDfsÎZÑ]Æ�Z!*]�ØX X2

ÐiZZ+ 20 £òÇîVÆßÍVäù1âàge$»)6,Z7½ïEH)ukh(Å#¿Å:ukhÆ�zrßVÆ
��ÂVÆßvZq-{�vÆfg=zb%{�́ge$»)6,Z7½ïEHÆÜs�zCÒ3,ZVg3åZzgt���~�Z¤/Ó#Ö
Zk6,Z7½ïEHÃ�c7�CìÂz{ZLZî`Ã�h+��,ÐXge$Å»)ÃZk´�ÆnyÃZ~.�äÆaÑzqH
Y@*ìXÍC¸ÆZ§Zs0*ñYäzZá��ÂV~»)ÑzqÅ�X

HW\B��ÇîVÆ£òßvZî`�D�ñ9»x�gì�?YV? (i)

£òßvZî`Æfg=Ãµz�b»D�**eT�? (ii)

H£òßÍVÃge$ÐZ~.�äzZányÐÃZ+{qÝ�Ç? (iii)

{�v�́´�~»)YVZ�x�beSì? (iv)

? Zkßg]qw~Ó#Ö»Hgzwì (v)

Zki̧}~»)Zk´�ÆßÍVÃ¾§bOW,�¯? (vi)

(AS1) âjw�z�&F,¹Hì?t�gCz�bZ¾Zx~¾§bÎ�qì? X3

(AS1) Ë�gCzaÆZ¾Zx6,Zq--â^sX X4

(AS1) ZL´º~�![z�bÆ�z!*g{ZEwÆ¼§hVÃe�? X5

(AS1) Í]ZzgÍCi0+ÏÆD�YV�**ec? X6

(AS1) Í]ÆDÆa¼Z�Zâ]��? X7

(AS2) �gCz�bu®)Ð�ÖYD�XZ0+Zi{Ù�ZkÆ}òH�f? X8

(AS2) ðzwBÆË¿Ðg»i~ZgïÆÜ�Æ0ZÚz-Â�äÆaZq-ÎZÜ)»gÙ? X9

(AS3) !*gÙ0*ãÃfí{�äÆac*ÂZ**ðÅYc*i}Z¾ZxÆaZq-âew»gÙXtW\Å!&¢AÃF�}X X10

ëäH5

ZLZõ[Ã�Ûzr�Ø
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(AS4) ZL´�Æ�gCzaÅbàÆaÇîVÆ�âVÆZ(g��{§i¿Æ**xsX X11

)WLZhow�»g7gc(Æfg=»)eZÆ4,�q-ow�5zZðÆ0��Ç?ZkÆ0 ONGC W\ä X12

(AS4) W�qÝ�D�ñ¤k´�~�ÅaZzZg6,Zq-â^ÉÀ£4/õGJX
(AS4) HW\ÆÇîVc*�ÛRà~Ãå**»g{ZâYÅ!*i�zge$Æa-.$»x�g;ì?!*i�zge$~�áï%ÖVÃ,ÐsX X13

(AS4) yz*y~%)ðzw(ÅCÃªCÙ�äzZà¤/ZsÃqÝ<? X14

Hyz*y~aZzZgCÐé3Cì? (i

¾z�ÜÑby%a~�&Ðic*�{Z��»ZÖg�Zì? (ii

Æ�ì~C~W\äHp~CkÅ? 2014@*2004 VwÆîg6, (iii

ðz@ÅCÃ]äÆa¼§je�? (iv

(AS6) øg~̧x6,Z�yÆZÖg»§i�gCz�b»o�&ZEwìXHW\ZkÒyÅ@*G�D�?ZLcÃ7ÙX X15

(AS7) 0*ãÅ�!!ÅãC�6,�V»ZN[Zzg»Þg~�**ecX�âVÃZkmÐzZ��zZäÆaZq-È{»gÙ X16

7�}§CZgïÅ»g~~ZEw�D�X ______________ X1

ÆaÌ _________ §Càq½ZÐic*�{�vFZ¾ZnÆaZëìZzg X2

ìX ______________ )�h+z�bÅVw X3

Zq-��w§iìX __________- ik,i}0*ãÃ»�äÐXäÆa X4

´̧VÆao�&�CìX _____________- �JyÅ»�& X5

( ) g�îÛçzy�D� X1
ik,i}0*ãÅR(,JäÆa (b igZ®)Æa0*ã�ÛZë�äÆa (a
ñÌ!*gZV~@*Ñ[ÐÔ0*ãÃgz1Æa (d !*gÙ0*ãÃfí{�äÆa (c

( ) ÁW!z�b6,�yÆaøDfsÐÃ́¿Wzg~o�&�Ï X2
�V~V (iv »§ÂxÃZC** (iii #̄`ZÇ** (ii ¿æC`»ZN[ (i

ivóiii (d ivói (c iiióiiói (b iiói (a
( ) yz*y~g»i~Zgïf{],~Ã̈K.e$u®)Ð»�@*ì X3

Óx (d ðz@ (c Ã́ (b �gC� (a
( ) øDfs~¾zzZ§ZsÆâjàÂx~iCÙY6ðâ�zVÅ(,~lZg{g̀�Cì X4

].h+w5]))ßY( (d �g�Z]¿Z�zc* (c ») (b Z&+7m, (a
( ) âjw�z�&F,¹Ð%Z� X5

Áz�Ü~ic*�{aZzZg (d %¢gF,¹ (c L% (b MqÃgz) (a

{à»VÃ6,Ù

9�Z[»ZN[Ù
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iÃ×nÛoÚÃn^�]l
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]Òj�^eoÚ^u�Ø

³m,¥
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³m,Z�E+{�ZxXXXX
5�gÏÂ1VÅD+z+Zk§bÅ�ì�t�V~x@ZC&¢AZzgó[Ã�Ûzr�}ÃXW�ëZk!*]»x@{�,
�Z�E+{ÃÃyÐZñgZ(g�**ìZzgÃyÐ7X
)®)�ëë�ëtB���VÃZJ**]Æa»g�**ìZzgZÏÃ7ÃgÄ�D+göÅYCìXZ,D+g+§hV m

Ãí!*�}XD+g+zZõ!u¤/ñVÆZÈx»gcZkY+$���V~¶K**]Æ�w»£7̈ÉZ¦Z�»�w»�X
ÇàÃtJZEw�**óZëÎZÑ]6,Âz%Ãi�**óÜsZ,Zòt6,Âz�b�XÐZJ**]~ic*�{Ðic*�{¶K**]qÝ m

�ÃZ,Zñg6,¿�äÐ!*ig�X
D+göÐI$»_·�ZðÐ�,Zzg�VÃÌ$»_·�äÆa}XZkÆ�¦gZ]Å�Æa�VÆ m

�gxyI��zZNX
�V~Zk!*]ÅÈZ�ÛZðÅYñ�z{WiZ�Z:îg6,ZLìÑ]Zzgf6@*W,Z]Ã�Z!*]�k,�äÆ�zgZyÈZ�ÛZðÅ m

YñXZzgZk§bZJ**]~�k,G�ÎZÑ]Ãic*�{F,ß�~YñX
Z�E+{Ã¥â]Z��äÐ0PÎZÑ]Zy�gÏÂ[~�~��Zy¥â]ÃZ�ÙZzg�VÃ¢zgÅàNX m

1geZJy~»[ÆÓxZñgÃ)z~ZÌ�~YñÏÅ<å XEZZ�Z×ZzgeÆ´z{�gÏÂ[ÆÓxZñgÃ»[Æîg6,Ñg m

�,X
CÙ$Å��z�VÅ~Å�ìXªz#{)®)ÅD+gö�zuZz�/Ç�aX�/Ç�a�VÐ¾ßg] m

�zZBXt:�ta$Ð%1o�Å<å XEZZy»ZÈx�~�,X�/Ç�_VÆZÈxÆ�zgZy�³§hV
Æ��æZg`�Zy6,¿�äÅ@*N�,XCÙ�/Ç�rÆZÈxÆ�ag7ĝ»g�Æ7�,X
�gÏÂ[~̈gÙócÙótÙóg7g^»gÙóZÚz-»ZÈxÙó�-Zg~g�!6,ðVÙóÀe}~z³ó¡Ò5å EGH�/Ùó m

SàZc*x»ZÈxÙóÄZ**]Æ��Ø�_V»ZÈx¾ßg]�zZNX
�zZ**ó�VÐ$»_·�zZ�**¥xZÖpÆnâ>�zZ**ó_V»ZÈxó Mind Mapping D+göÆ�zgZy m

I�ó7¿óZ!xóYõ�æZg`Ãgz/¿ÑNX
Z�E+{Ð¥xÙZjwÅÑ$k,~óZÚ.$Æfg)¥xÙ�Zñg»ÑgD+gö~¾ßg]�,X m

(�gÃªCÙ�@*ìX A.S ZLZõ[Ã(,J�Æ��Ø�ÎZßVÆWy%~ m

ZÚ.$�}D»azWîg6,ZEw�ä$Æa¢zg~zd$�QÅ¬]qÝ�Æ�VÃ�ÛZë�,XZjwÅ m

Ñ$k,~~�G+�ø7[g�ZkY+$�pBX
âjw§Càqóz){�ñç¬]ÆÏ�pÆ�ÛzrÆaßk,~6,z¤/Zxó»gk,ó£zk,óg~%âVÅ»g~z){�_VÃ m

F,KM�}�ZïZÈx�,X
ÚYìYõÆ��VÅZõ!R»Y,̂{#{)®)~óìR,:~!*gq-|Ðá��g`�,X m

�bÐ%Z��gÏÂ[ÆZòtÅD+gö7É�VÃZk§b»g�**ì�z{)b»iZq-F,KMzZg§jÐ�,X m
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CYXXXX
�b»_·Ð%Z��bÆZJy~Zi¶K**]qÝ�**�7ÉqÝ��{Z¦Z��xÎaZzg±

G% &
B©ð
E¾E Z0+Zi~»x�**z){»gzi%{i0+Ï~Z:t�XZkÑÆ�wÆa�³Ãc*]Ãĝ�qC~

�t�D�ñ_·�äÅ¢zg]ìXª�³¦gZ]ÃKÆaI}óz�s#óGz�]Å¤&Æ
a�!*]Â�**óx@Z]�**óZzgfZCìÑ]Æfg=¤&�**Zzg}òZ~.�**�ÇXW\ÃZk§bI~tÂ[
æ��îìX
ZyÓxÆ�wÆaW\Ã:
�Î,)®)~¦gZ]ÅzÝ¼uJ-zWìXZkayÃec�z{D+gö¬CÙ$»_·�ZðÐ m

�}X
$~ñ��ï]ÅãC�6,p�ÐâF»g�BX$»_·�Æã~ZÖpó¦gZ]Ãâ�̂¢8ecX m

$~ñ��Zßwó¦gZ]Æ0W\äHÎeZyÃ'×h+�ZðÐKÆaÃyÃµ¦gZ]Y'ec¶K0+�Ù m

$~Î8/õ FGón�!ìwÙóHW\Y��?ÄZ**]Æ��Ø�ÎZÑ]6,�z2VZzgZ�E+{Ð�c*CZ0+Zi~ m

c�ä~ZzgÎZw�ä~5Ck:�,X
Ë$Ð0c�äÆ�zgZyc*�!*]Â�äÆ�zgZyW\Æf�~P�uaZ�Mh�XZ7 m

WiZ�:îg6,ªCÙ�,X@*�Zy�uz2]»ZiZ!�nX
�!*]Z�x�¶ÆaZ�E+{Æ�Bï�Sàci+Æaµ/¯�@*�¦gZ]zZãîg6,�~WÃX m

�!*]Z�x�ï�ñIÆ�zgZyW\'×h+¥â]qÝ�Mh�X
ú�,X (Altenatives) W\ZKZÐZ�~ÎaÆ�B�!*]Æa��Ñ] m

¨gÙ�CÙ$»gzi%{i0+ÏÐ¾§bm�@*ìX#{)®)~¼�ñï]Æ!*g}~�âVZzg& m

zZgZ:Z�ÛZ�z){Ðc�,X
âjwÆDÆaCÙ$Æñç¬]¾§bæ�Çg�D�óx@{ÙXZk§b¿WzZg~ÆaÃÒ�,X m

ZÚz-óI¿Æxzg]¤/z�îg6,Z�x�,XÑiòîg6,g7g^»g�,ZzgbCÙ{�,Zy6,I}Â�,X m

CÙ$Ð0W\Ææg�ÅÃ{:ó�/{:óZÚ.$z){ÐZ�GYäzZà¥â]Åz�&»g�BXZzg¿ m

WzZg~�,X
ÃCÙ¦/ZEw: Question bank â^,-~c*ZJy~�z�ÜZLìÑ]Ã�hD�ñp�ÐKXÇàc* m

�,X
�gÏÂ[Æ´z{�vjZ!YCÃ»_·�,X m

W\Ææg�Æ�b'Åu¤/ñV»ZÈxW\p��,X m

W\Æ´º~úZxÃ�g7)b»x@{�Æ�³#{)®)Æfg=W\ÃµZôïD+ZÛ?m,�Mh�X m
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óeZ],Ë Ñ~YÍ0*wgi+~
gc*4Z�Zg{',Zñ(ïzF,�Mó©gW!*�

óeZ],Ë Ñ~!�J�
Íḡ&½iï

H
H,-6,öó©gW!*�

ó6,zW eZË+XZz©ggi+~
6,zWz�g%»[z�gÏµ3ï NGEó

gc*4Z�Zg{',Zñ(ïzF,�Mó©gW!*�X

w',Zñ�ÛzrzZ�á®)�gÏÃ

Ú�ßnËnà

ó)g Ñ~z~XgZ�ZgZî
Z}8WgZÏóuzsóI&Ó½5å EYEH{X

ó)g Ñ~´4ið GIZgZî
eZ
"3ï
J
GH

4-)½5å XEEH{óIzgøX
ZjwZkó eZËöXzÛzg�ïgi+~ó

I6,E;ðZjwó�/@*wóI8[ôX
óZjwZkó Ñ~6,ñ�¾g3+ñ

I6,E;ðZjwó!WgÏ7gxóIu~»Ý
óZjwZkó Ñ~.¾g

I6,E;ðZjwóZæZ7góIÂxW!*�X
óZjwZkó Ñ~�@*`!*1

I6,E;ðZjwó7Ó½ð FgóIgógi+~X
ó�gægkó Ñ~âb�is

]4ï
EH�is;ðZjwógZâoxóI�*ôX

óZjwZkó Ñ~Z}XQâgZã
ó�ZCÙôóI©gW!*�X I- Íḡ;ðZjwóZ÷ù

Új�qÛnà

óÃWgeó́ »[·Z�gZ+
gc*4Z�Zg{',Zñ(ïzF,�MóË:©gW!*�X

ó)g »[i©g»�áã
eZ
"3ï
J
GHóeZ"3ïJGHz�gW!*�óIgógi+~X

óZjwZkó »[·�ZU

Íḡ;ðZjwóÎZgZyóI�*ôX
ó »[·Átg!*ã

eZ
"3ï
J
GH

4-)½5å XEEH{óIzgøX
óZjwZÁó »[ÕZ£

Íḡ;ðZjwó@*h0óI©gW!*�X
óZjwZkó H)OÃÒ

Íḡ;ðZjwó�ðwùóI©gW!*�X

óÃWgeó́ eZËKz~ög|
%»[z�gÏÃóöÏZ~WgKó©gW!*�X

ó�iÛR,kó©gW!*� »[·fÅZ+1�Ü ÔÛR,kZhe~K8W6,ñóÈÉ½3ðFgó�W!*�ó©gW!*�X ó »[K·@
Zß.$ÛfÔ!*Ñô »[�qY@Ô Z}óI6,E;ðZjw)Qg�z(WÓÃgÔ8[ôX . Zö »[·Z-[Z£Ô

Zh¤/Z�em,Zi  Ãg£
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]m;m9��

ÃWge&42.ç GEGH)Qg�z(

6,zW ó eZË¾w&<45å XGEgz
z�c*ÈyZ�ågÁgkWnóZz�ñ7gógZ1yX

6,zW ó eZË3�OZ±2.çEGc*
z�c*ÈyZ�ågÁgkWnóZz�ñ7gógZ1yX

6,zW ó eZËpJ�Zk
z�c*ÈyZ�ågÁgkWnóZz�ñ7gógZ1yX

6,zW ó eZËZ}X**Ç*
-Eg;»ÒWs�bó¢W!*�ó©gW!*�X
6,zW ó eZË+XZz©ggi+~

6,zWz�g%»[z�gÏµ3ï NGEó
gc*4Z�Zg{',Zñ(ïzF,�Mó©gW!*�X

6,$k5é EFw ó »[Z£Zv�Û7
Íḡ�.»ÒóÃ&+Z7góIyuX

ó »[¦Zû@
ñ�©h42.ç
EE

G
E
J)geZ"3ïJGHó@*&+zgóIgógi+~X

]m;m9��E]��æD

·Z�gZ+
ÃWge´)Qg�z(ó

%»[z�gÏÃógc*4Z�Zg{',Zñ(ïzF,�Mó©gW!*�X
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